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Session 3 

Piezoelectric Crystals 
Pronounced “pee-eh-zoe,” the word piezoelectricity means electricity resulting from pressure.  

In electronics, piezoelectric crystals are pretty common, and used in a lot of devices.  These crystals 

generate voltage when physically squeezed, and the crystals also change shape when electricity is 

applied to them.  Synthetic quartz is one of the commonly used materials for creating piezoelectric 

components today.  

 

Pressing hard on piezoelectric crystals can produce a lot of power; electric lighters create high-

voltage sparks by hitting the crystals with small spring-loaded hammers. 

 

 Using this idea, it is even possible to “harvest” power from everyday activity; several dance 

clubs have installed special floors that generate enough power to cover over 30% of the electricity used 

by the night club. 
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Because the crystals create electricity when pressed, they work really well for certain types of 

inputs.  Sound waves can bend the crystals enough to work as a microphone, and are used as a contact 

microphone in acoustic-electric guitar pickups.  Ultrasound devices used by doctors and sonar used in 

submarines use this same technology. 

Similarly, when given electricity, the crystals bend slightly.  If the electricity is flipped very fast, 

at a high frequency, then the crystal will vibrate.  Given enough power and fast enough vibration, this 

produces sound.  These crystal speakers differ from normal speakers in that they usually cannot produce 

as much sound as clearly as normal magnetic speakers, like those in stereo systems.  Speakers made 

from piezoelectric crystals usually can be found on computer motherboards and in small electronic noise 

making devices; however, new and more powerful super-thin crystal speakers are now able to be found 

in some cellular phones, tablets, and televisions. 

Light Detection - Photoresistors 
The name itself should tell us what 

this component does.  "Photo" is for light 

and "resistor" is to resist the flow of current. 

 

Schematic Symbols for Photoresistors 

Photoresistors, also known as Light Dependent Resistors (LDR), Cadmium Sulfide cells (CDS 

cells), Photoconductors, or sometimes simply Photocells, act as a variable resistor that changes 

resistance by converting energy from light to electricity, like a solar panel.  The amount of resistance a 

photoresistor has is opposite to the amount of light it is exposed to.  Bright Light = Less Resistance and 

Low Light = More Resistance.  These sensors are used to make light sensitive devices and are often 

found in things like street lights, toys, or outdoor clocks. If you have ever wondered how a street light 

turns on at night and switches off at morning, you will likely find a cheap photoresistor circuit inside it. 

 

 

 

 

 

 

To let electricity 

go through faster, 

just add light! 
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Note: There are components with similar names like Phototransistors, Photodiodes, or 

Photovoltaic cells that are completely different things; do not confuse them with photoresistors. 

With little to no light, the photoresistor resistance can be several mega-ohms (5-20 mΩ) and in 

bright light it can be as low as a few hundred ohms (remember: more ohms means less speed). 

Photoresistors are non-polarized, meaning it can be connected either direction in a circuit.  Using a 

multimeter set on resistance (Ohm or Ω) mode, touch the two wires on the photoresistor and simply 

face it towards bright light then cover it up to see how the resistance changes. 

Light Detector Modules 

 

Now that we have an idea of what a photoresistor is, and how to read a schematic of a circuit, 

let’s combine this knowledge and look at what we are working with today.  You’ll notice that on one end 

of the module there are four pins, and at the other end is a photoresistor.  The pins are labeled for what 

they do; VCC means “voltage common collector” which roughly translates to “positive,” GND means 

“ground” which translates to “negative,” A0 mean “analog pin zero” and indicates a variable output, and 

D0 means “digital pin zero” which indicates a binary on or off output.  The blue box with the gray X in it 

is a variable resistor which can be adjusted using a screwdriver; this controls the on/off function of the 

digital pin, making it more or less sensitive to light. 

 

  

Using a prebuilt module like 

this makes it easier to 

connect, but it’s important to 

know how the parts work even 

when using something already 

connected together. 
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This is the schematic for the photoresistor module.  Don’t worry; we only need a small part of this.

Since we want to have changing sounds, we need to use the analog pin to produce a variable output.  

This part of the circuit is highlighted below in red.  (We can effectively ignore the rest.) 

 

Essentially, we’re just worried about getting electricity from VCC 

through a resistor to A0, and then we’re using the photoresistor 

to turn off A0 and draw electricity to GND when it detects light.  
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If we isolate this section, we can clean up the part of the circuit we actually care about to look like this: 

(Note the VCC for power, the lines at the bottom for ground, and A0 for the variable output.) 

 
Now that we can see what we’re working with, let’s do something with it. 
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Music Makers 

Light Theremin – Solar Music 

 For the first version of our “musical instrument,” we’re going to use our light sensor modules to 

create what we will call a “Light Theremin.”  A Theremin is an electrical musical device that can be 

played without touching it. 

Using the Arduino with the connected prototype shield board (as seen on page 23), connect the 

piezo to PIN 12 and the A0 photoresistor pin to the Arduino PIN 0 as show in the pictures below.  Once 

connected and powered, try covering and uncovering the photoresistor to make the sound change. 

(Use the code on page 39 to program the Arduino.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Graphite Resistors – Making a Pencil Sing 

To be able to better control the power going to our speaker, we 

will need a device called a variable resistor, also known as a potentiometer. 

Potentiometers are used in many common devices, such as volume knobs 

or electric stovetop controls, to change the amount of electricity flowing 

through a circuit. (These are also sometimes called rheostats, depending 

on how it is made and what special purpose it serves.)  

PIEZO BUZZER 
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For this project, we will be creating a homemade potentiometer that we will call a “graphite 

resistor.”  Graphite is fairly common, and is somewhat good at conducting electricity. Though commonly 

referred to as “lead” when used in a pencil, the primary component in pencils is actually graphite. 

To make a graphite resistor, just draw on a piece of paper!  Make sure to get a lot of graphite in 

there, and make the mark REALLY dark or it won’t work well.  The more graphite, the more electricity 

can get through.  (Wider and darker marks let more through.)  You can measure the amperage of your 

resistor using a multimeter.  When you move the wires closer and further apart while pressing both 

sides on the graphite, the amount of electricity that is allowed through the circuit goes up and down. 

 

 
 

 

 

 

 

 

Experiment! Draw 

lines longer and 

shorter, thicker or 

thinner, and 

different shapes! 
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int speakerPin = 12; 
int photocellPin = 0; 
#define MIN_SIGNAL 0 
#define MAX_SIGNAL 1024 
#define MIN_FREQ 0 
#define MAX_FREQ 4000 
#define NUM_SAMPLES  15 
 
void setup() 
{ 
  pinMode(speakerPin, OUTPUT); 
  Serial.begin(9600); 
} 
 
void loop() 
{ 
  // Average a number of sample reads 
  int lightsensor = 0; 
  for (int i=1; i < NUM_SAMPLES; ++i) 
      lightsensor += analogRead(photocellPin); 
  lightsensor /= NUM_SAMPLES; 
 
  //map the frequency to play based on the sensor between 
  //the maximum and minimum signal input and frequency output 
  unsigned int freq = map(lightsensor, 
                          MIN_SIGNAL, MAX_SIGNAL, 
                          MIN_FREQ, MAX_FREQ); 
  //play the tone 
  tone(speakerPin, freq); 
                           
  Serial.print("Read "); 
  Serial.print(lightsensor); 
  Serial.print(" -> "); 
  Serial.println(freq); 
  delay(50); 
} 

Now that we’ve got a working graphite resistor, we need to connect some wires and a resistor in 

place of the photoresistor module.  We’re using a 2 kΩ (kilo-ohm) resistor to pull electricity away from 

PIN 0 when the wires are not touching anything.  When the there is less than 2 kΩ of resistance through 

the graphite resistor, electricity will instead flow from the 5V pin to PIN 0, just as it does with the 

photoresistor circuit.  Move the wires on the graphite resistor to change the sound. Feel free to try 

touching the wires to other surfaces to produce different sounds. 

Code 

(This code is adapted from http://shallowsky.com/arduino/class/theremin.html) 

 

 PIEZO BUZZER 
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Sources 
http://en.wikipedia.org/wiki/Piezoelectricity 

http://www.ecopedia.com/energy/piezoelectricity-how-dance-floors-can-provide-energy/ 

http://en.wikipedia.org/wiki/Schematic 

http://reprise.com/host/electricity/schematic1.asp 

https://www.circuitlab.com 

http://www.picaxe.com/Software 

http://www.docircuits.com 

http://www.csiro.au/helix/sciencemail/activities/Resistor.html 

http://embeddedfun.blogspot.com/2013/01/resistors-macgyver-style.html 

http://www.instructables.com/id/DIY-Emergency-resistor-an-electronic-circuit-com/all/?lang=ja 

http://sensorbased.blogspot.com/2012/09/pencil-resistor-finding-resistors-for-3.html 

http://www.popsci.com/diy/article/2009-05/resistance-not-futile 

http://www.instructables.com/id/Make-a-Pencils-Lead-Potentiometer-Experimentatio/ 

https://learn.adafruit.com/downloads/pdf/adafruit-arduino-lesson-10-making-sounds.pdf  

Piezoelectric Speaker - small crystals as speaker - https://www.youtube.com/watch?v=b4vr1aE0zzw 

Collin’s Lab: Schematics - http://www.youtube.com/watch?v=9cps7Q_IrX0 

Collin's Lab: Homebrew Piezo - https://www.youtube.com/watch?v=K3G2QM5a-9U 

555 Timer Music Instrument How to Make - https://www.youtube.com/watch?v=rTmlR8B-u5c  

http://en.wikipedia.org/wiki/Piezoelectricity
http://www.ecopedia.com/energy/piezoelectricity-how-dance-floors-can-provide-energy/
http://en.wikipedia.org/wiki/Schematic
http://reprise.com/host/electricity/schematic1.asp
https://www.circuitlab.com/
http://www.picaxe.com/Software
http://www.docircuits.com/
http://www.csiro.au/helix/sciencemail/activities/Resistor.html
http://embeddedfun.blogspot.com/2013/01/resistors-macgyver-style.html
http://www.instructables.com/id/DIY-Emergency-resistor-an-electronic-circuit-com/all/?lang=ja
http://sensorbased.blogspot.com/2012/09/pencil-resistor-finding-resistors-for-3.html
http://www.popsci.com/diy/article/2009-05/resistance-not-futile
http://www.instructables.com/id/Make-a-Pencils-Lead-Potentiometer-Experimentatio/
https://learn.adafruit.com/downloads/pdf/adafruit-arduino-lesson-10-making-sounds.pdf
https://www.youtube.com/watch?v=b4vr1aE0zzw
http://www.youtube.com/watch?v=9cps7Q_IrX0
https://www.youtube.com/watch?v=K3G2QM5a-9U
https://www.youtube.com/watch?v=rTmlR8B-u5c

