
Building Electronic Music Instruments 
Final Project 
Daniel Fox 

 
Projected Video Scores for Circuits  

 
Introduction 

 
This is a prototype for an instrument that uses projected video as a score that is 

performed by circuits through the mediation of photoresistors. I was motivated to develop 
such an instrument from watching the view from the Q Train as it leaves the subway 
tunnel, crosses the Manhattan Bridge, and enters the tunnel on the other side. A highly 
edited video of this crossing can be seen at 
 

https://vimeo.com/148965429 
 
using the password piezo.  
 

The view out the train window struck me as highly musical. The moving image is 
full of interacting rhythms. The vertical and diagonal support beams and hanging cables 
act as percussive elements; the slowly shifting perspective between the Brooklyn Bridge 
and the Manhattan skyline are like slowly shifting harmonies; the rare event of passing the 
towers of the bridge create sudden darkness and then a burst of brightness as the camera 
readjusts its automatic lighting settings. The passing of another train leads to a wild, 
erratic light display that contrasts with the more regular rhythms of the passing scenery. 
The time in the tunnel at the beginning and the end of the video is rhythmically 
punctuated by passing safety lights, forming a natural prelude and postlude. 
 
This prototype endeavors to demonstrate the basic functionality and I think that there is 
potential in this direction. The remainder of the document provides instructions for 
constructing such a proto-instrument. The circuits used are rather simple and come from 
Handmade Electronic Music (2nd Edition) by Nicholas Collins. I refer to the schematics in his 
Figures for the circuit design and describe the modifications I made. 
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I. Projection Screen and Stand 
 
Parts List 
 
1. A semi-transparent sheet of material (For example, an 18”x24” piece of “Grafix 
Drafting Film” http://www.dickblick.com/products/grafix-drafting-film/) 
2. Wooden dowels (2). (These should be of the same length as each other and about 4’’ 
longer than the horizontal dimension of the semi-transparent sheet of material.) 
3. String or strong, light wire (4’-5’) 
4. Masking or Electrical Tape 
 
Tools 
 
Scissors 
Hot-glue gun (and glue sticks);  
 

 
Handmade Electronic Music with and without the semi-transparent sheet, demonstrating the level of 

transparency. Different levels of transparency will be appropriate for different lighting conditions. 
  
Construction 

 
Lay out the semi-transparent sheet of material on a flat, clean surface. Attach the wooden dowels 
to the edges of the longer sides using the hot glue gun. The glue dries quickly and so one 
must apply glue to short sections of the sheet and then press the dowel firmly against the 
sheet. Attach both dowels to the same face of the sheet. The glued section will look messy. 
Hanging the screen with the glued section away from the audience will hide this. 
 



 
The hot-glue gun; with extra glue stick.  

 

 
Details of the sheet glued to the dowel. 

 
Measure out roughly how much slack is needed for the screen to hang at the desired 
height. Attach the string or wire to both ends of one of the dowels by wrapping the string 
around the dowel 5-10 times. Affix the end of string using a small piece of tape or a spot 
of hot glue. To prevent the string from sliding in toward the sheet, use a spot of hot glue or 
wrap a rubber band around the dowel before wrapping the string. (The rubber band will 
dry out and disintegrate sooner than the glue, so only use the rubber band for short-term 
construction.) 

 
The string affixed to the end of a dowel. 



 
 

 
The screen open (left) and rolled shut for storage or transportation (right). 

 
 
 

II. Photoresistor Array 
 
The photoresistor array is an 11”x17” piece of light cardboard. (I used the backing of a 
tablet of blank music staff paper that I had lying around.) Cut holes for each of the 
photoresistors to go through. Also cut holes at the top left and right corners to attach a 
string or wire that will suspend the array. 
 

 
Rear view of the screen and photoresistor array (without photoresistors). 

 



 
Photoresistor array with photoresistors in place and circled in red. The three along the bottom are part of 
the oscillator circuit, controlling the gating frequency, the frequency, and the cut off of the low-pass filter. 

The top two control the gain of the left and right loudspeakers. 
 

III. Oscillators 
 
I used the gated oscillator from Chapter 20 of Handmade Electronic Music in which the 
resistors in the circuit for each oscillator are photoresistors. Multiple configurations are 
discussed there but I found it useful to start with the version in Figure 20.4 (p156) in 
which one oscillator gates another. The relative simplicity of this configuration allows the 
effect of the video (that will be used to play the circuit via the photoresistors) on the 
oscillator circuit to be intelligible. With 3-4 cascaded oscillators (with or without feedback) 
the inherent complexity of the circuit masks the structure of the video. I added in the 
volume dropping feature (Figure 20.7) and a low pass filter (Figure 20.12) with a 
photoresistor instead of a fixed value resistor. For the second oscillator, I used a 
photoresistor in series with 1kOhm and10kOhm resistors. This brought the frequency 
into a range that I found desirable. 
 
Here is the parts list: 
 
Perfboard (Ada Fruit Proto ½ Sized Breadboard) 
CMOS Quad NAND Gate Schmidt Trigger Integrated Circuit (CD4093) 
2.2uf Capacitor (First Oscillator which Gates the Second Oscillator) 
0.1uf Capacitor (Second Oscillator) 
0.1uf Capacitor (Low Pass Filter) 
Photoresistors (5) 
Resistors: 1kOhm, 10kOhm (Used In Series With the Photoresistor of the Second 
Oscillator); 180Ohm, 12kOhm (Use for Volume Control) 
Solid Hookup Wire 
Stranded Hookup Wire 
9V Battery Clip 
9V Battery 
Plastic Container (to house the perfboard and battery) 
 



The photoresistors need to be connected to the perfboard using stranded hookup wire 
that is about 1.5ft long so that they can reach out of the container and into position on 
the photoresistor array. 
 
The output from the oscillator is connected to a handmade Y-cable, each end of which is 
attached to a photoresistor before connecting to the amplifier/loudspeaker. These two 
photoresistors are inserted into the photoresistor array and allow the video to control the 
panning between the left and right loudspeakers. 
 

 
The oscillator in its container with three photoresistors protruding. The photoresistors control the cut-off 
frequency of a low-pass filter, the frequency of the oscillator, and the gating frequency of the oscillator. 

 
 
 
 
 
 

IV. Amplifiers and Loudspeakers 
 
Build a pair of the power amplifiers found in Chapter 27 of Handmade Electronic Music. I 
found that the optional 0.1uf capacitor and optional 0.05uf capacitor/10Ohm resistor 
were essential. Without them the amplifiers squealed and buzzed with minds of their own, 
but did not deliver the signal from the oscillator. I fitted each amplifier into a plastic soup 
container, cutting holes in the lid for the on/off switch, potentiometer controlling the 
gain, and the in/out signal cables. In keeping with the mayfly prototype mentality, I 
taped the perfboard, battery clip, and speaker into place. 
 



 
The circuit for the amplifier. 

 
Here is the parts list. You need TWO of everything listed in order to have two 
loudspeakers for dynamic, video controlled stereo panning.  
 
Audio Power Amplifier Chip: LM386 
Perfboard  
Capacitors: 10uf, 220uf, 0.1uf, 0.05uf 
Resistors: 10Ohm 
Speaker 
Solid Hookup Wire 
Stranded Hookup Wire 
9V Battery Clip 
9V Battery 
Plastic Container (to house the perfboard and battery) 
 
 

 
 

 
The amplifier circuit, battery pack, and speaker. The speaker is taped to the container lid through which 

protrude the on/off switch and the gain potentiometer. 
 



 
The amplifier in its container with speaker cable protruding.  

 
V. Configuration 

 
A folding music stand functions as the armature for the screen and circuits. The 
photoresistor array and screen are both hung from the stand, with the top section leaning 
toward the direction of the video projector. This puts the music stand in its traditional 
orientation with regard to where the audience sits.  

 
Folding music stand folded and set-up with the screen hanging in place. 

 



 
Rear view of the screen and photoresistor array (without photoresistors). 

 
The oscillator container is rested where the music would normally go and fastened in 
place using flexible wire or string. 
 

 
Photoresistor array with the oscillator in its plastic container above: side and rear views.  

 
 



 
Finished prototype: rear view. Left and right stereo loudspeakers on the floor. 

 



  
Finished prototype: front view. Left and right stereo loudspeakers on the floor. 

 
 
 
 
 
 
 
 



VI. The Video Demonstration 
 

A video demonstrating the basic functionality can be viewed at  
 

https://vimeo.com/150439003 
 
using the password piezo. The effects of the various photoresistors are demonstrated using 
a flashlight, without and with the screen as intermediary. There is also a short 
demonstration of how the circuit sounds when a video is played. (The light condition in 
which the video was shot was brighter than desirable—the circuits had been tuned to 
perform in a darkened room—and so the sound produced is at a faster pulse and higher 
frequency than I find desirable for the video used.) 
 
An earlier version of this instrument, in which the circuit is played directly off of a 
computer screen rather than through a circuit, can be found at  
 

https://vimeo.com/144494401 
 
using the password piezo. 
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