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  Synthesizing Digital Waveforms 
Glen Bull 

 
An electronic waveform can be used to drive a linear motor or create synthesized music. The birthplace of 
Silicon Valley occurred in a garage in Palo Alto, California. Bill Hewlett and Dave Packard founded 
Hewlett Packard in this garage at the end of the 1930’s. Their first product, the HP 200A, was an 
electronic oscillator that generated sine waves.  
 
Generating Values of a Sine Wave Digitally 
 
Today a computer can generate sine waves digitally. What is a sine wave and how can it be generated?  If 
we imagine a dot at the end of a line at an angle of 90 degrees (i.e., the 3:00 o’clock position on a 
clockface) with the origin of the line in the center of a circle at the coordinates (0, 0), the vertical height 
of the dot (traditionally represented by y in mathematics) is 0.  
 

 
 
If the line is rotated counterclockwise, the height of the dot will increase until the line reaches an angle of 
0 degrees, reaching the 12:00 o’clock position on a clock face. In this example, the line created in the 
programming language Snap!, is 100 steps long. Therefore, the height of the dot at that point is 100. 
 

  
 
The Y Position of the dot increases as the angle of the line rotates from 90 degrees through 0 degrees. For 
example, the Y Position of the dot is 50 at an angle of 60 degrees and 87 at an angle of 30 degrees.  
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As the line continues to sweep around the circle, the Y Position decreases as the line rotates from 0 to 90 
degrees, where it reaches a value of 0 again. If the line continues to rotate around the circle, the value of 
the Y Position of the dot becomes negative, continuing to change until it reaches a vertical position of 
minus 100 (i.e., - 100) when an angle of 180 degrees (the 6:00 o’clock position on a clock face) is 
reached. Finally, the X Position of the dot continues to shift from -100 to 0 as the line sweeps through the 
angles of 180 to 9 degrees, at which point the line will have come full circle.  
 
Origins of the Sine Function 

The sine value can be derived by determining the height of the dot from the horizontal midline of the 
circle at any point on the circumference of the circle. This figure is then divided by the radius of the circle 
to obtain the sine value. By convention, mathematicians use a circle with a radius of one to derive this 
value.  A circle with a radius of one would be a dot on the Snap! stage. Therefore, a larger circle was used 
to illustrate the concept. However, since the sine value is the ratio of the height of a point on the circle 
divided by the radius of the circle, the underlying principle and result are the same.  
 
Ancient astronomers were among the first to explore these relationships. They were interested in mapping 
the positions of the stars on a celestial globe surrounding the earth. The Pythagorean theorem could be 
used to calculate the distances of one side of a right triangle inscribed inside a circle when the other two 
sides were known. The line connecting the center of the circle to a point on the circumference (i.e., the 
radius of the circle) forms the hypotenuse of the triangle. The vertical line from the point on the circle to 
its midline forms the side of the triangle opposite the angle formed by the radius and the midline.  Thus, 
the sine function is associated with trigonometry (i.e., the study of triangles in geometry) because the 
relationships among the sides of a triangle could be used to compute these values. 
 
These early mathematicians thought that the shape formed by a line through two points on a circle 
resembled a bow. The Sanskrit word for bow string was used to describe the line itself. A transcription 
error when it was translated into Latin resulted in use of the Latin word for cavity (sinus) for today’s 
mathematical term. The words chord and cord are derived from the Greek translation of bow string, 
khorda, from Sanskrit. 
 
Building a Table of Sine Values 

One complete rotation around the circle is known as a cycle. We can build a table of sine values for one 
cycle by creating a variable in Snap! (called One Cycle in this example) and telling the line to point 
straight up (i.e., at an angle of 0 degrees). 
 

  
 
Once the variable has been initialized, the Y Position of the dot is added to the list 24 times as the dot 
rotates around the circumference of the circle, turning an additional 15 degrees after adding the value at a 
given position to the list.  
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This process will record the values for the Y Position of the dot as the line sweeps around the circle. In 
this table, the values increase from 0 to 100 for the angles between 90 and 0 degrees, decrease from 100 
back to 0 for the angles between 0 and 270 degrees, continue to change from 0 to -100 for the angles 
between 270 and 180 degrees, and then begin decreasing again.  

 

  
 
The function becomes easier to see if it is displayed as a graph rather than a table. In Snap! the table of 
values can be graphed by positioning a sprite at the left side of the stage (i.e., the drawing area).  
 

  
 
Then for each item in the list of values for the variable, One Cycle, the horizontal position is incremented 
by some amount (15 steps in this example) and the vertical position is set to the sine value at that point in 
the table.  
 

  
 
The familiar shape of a sine wave emerges as the values in the table are graphed. 
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Using a Sine Wave to Generate a Tone 

The advent of inexpensive computers and microcontrollers made it possible to drive a motor or create 
synthesized music with digital waveforms. In order to do this, more than a single cycle of the waveform is 
needed. An expanded list with 200 cycles can be created by appending one cycle to the variable 200 
Cycles repeatedly (i.e., for 200 times): 
 

  
 
The list constructed in this manner will have 200 cycles with 24 points recorded (samples) in each cycle. 
Since there are 200 cycles with 24 samples per cycle, the entire list will have 4800 items: 
 

  
 
If this list is sent to the speaker of the computer using the Play Sound block, a tone will be heard. 
However, the voltage levels required to generate a magnetic field that will move the diaphragm of the 
speaker are much smaller values. The Map block can be used to apply a specified operation to every item 
of a list simultaneously. In this example, each item in the list has been multiplied by “0.001” to decrease 
the amplitude of the items to a level required for generation of an audio output using the Play Sound 
block. 
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Since a sine wave will be perceived as a pure tone, the Map block can be used to create a list named Tone 
with the amplitudes of items in the list set to appropriate levels. 
 

  
 
 

Playing a Tone and Controlling a Motor 

The Play Sound block can then be used to play the samples of the list Tone back at a rate of 4800 
samples per second. (Scientists use the label Hz to refer to “samples per second.”) 
 

  
 
This will play back the list of 4800 samples in one second. Since there are 200 cycles in the list, the tone 
is effectively played back at a rate of 200 cycles in one second. In other words, the tone played through 
the computer’s speakers will be perceived as a 200 Hz tone. For comparison, the note A above middle C, 
used as a point of reference by musicians and orchestras, has a fundamental frequency of 440 Hz. 
 
The samples in the list are translated into an electrical voltage by a digital-to-analog converter (DAC). 
The electrical current generated creates a magnetic field in a coil of wire (i.e., a solenoid) in the base of 
the diaphragm of a speaker. This causes a permanent magnet inside the coil to move back and forth, 
which in turn moves the diaphragm of the speaker, producing movement of air resulting in a sound 
perceived as a tone.  
 
A loudspeaker is essentially a linear motor with an attached diaphragm that is designed to move a larger 
volume of air, thereby amplifying the sound. Therefore, if the output of a headphone jack is used as the 
input to a linear motor, it will move the motor back and forth at the specified rate. In the illustration 
below, the signal has been routed through an amplifier and connected to a linear motor.  
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Related Computing Commands 

The foregoing description was provided to unpack the concept to illustrate how a waveform can be 
synthesized and used as the input to a loudspeaker or motor. Most computing languages, including Snap!, 
have a built-in sine function that will generate these values. 
 

  
 
Snap! also has a Play Frequency block that can be used to generate a tone of a specified frequency and 
play it through the computer’s speakers. 
 

  
 
One limitation of this block is that it can only be used to play one tone at a time. 
 
Extensions and Other Connections 

An understanding of the origins and derivation of the sine function provides the flexibility to use this 
function in many other ways. It is mathematically possible to generate any periodic waveform by 
combining a series of sine waves of appropriate amplitudes. A tool, SoundScope, was developed in the 
Make to Learn Laboratory at the University of Virginia to facilitate exploration of digitally generated 
waveforms. 
 

   
 
SoundScope can be accessed at:  https://maketolearn.org/soundscope/ 
 
Any freely vibrating object in nature, such as a swing or a guitar string, will generate a recurring 
waveform that can be seen if its motion is graphed.  All periodic waveforms can be deconstructed into a 
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series of sine waves when analyzed. Thus, sine waves and related waveforms occur both in nature and in 
many engineering applications.  
 
TuneScope, digital sound and music blocks that extend the functionality of SoundScope, is available as a 
library that can be imported in Snap! 
 

  
 
Among other capabilities, a Tone block can be used to generate and combine a series of multiple sine 
waves in Snap! 
 

  
 
This capability can be used to control external motors and other actuators using Snap!, combining these 
external capabilities outside of the computer with displays and activities on the computer.  


