
Fourier Synthesis Tutorial  
v.2.1  

 
This tutorial is designed for students from many different academic levels and backgrounds.  It occasionally 
uses terms from discipline-specific fields that you may not find familiar, but which you do not need to 
understand in order to complete the tutorial. 
 
 
Background Information 
 
The following information won’t be used to identify you personally, but it will be used to identify ways to 
improve future software programs. 
 
1. Please circle your college class year 
 a. freshman 
 b. sophomore 
 c. junior 
 d. senior 
 e. grad student 
 f. other (write in)  _________ 
  
2. What is your age?   _________ 
 
3. What is your gender?  M / F 
 
4. Name of your university __________________________________ 
 
5. Name of your instructor__________________________________ 
 
6. Please circle your major 
 a.  Computer Science 
 b.  Mathematics 
 c.  Engineering 
 d.  Humanities (history, English, music, etc.) 
 e.  Natural Science (physics, biology, chemistry, etc.) 
 f.  Social Science (economics, business, psychology, etc.) 
 g.  Undeclared or general studies 
 h.  Other (write in) ______________________ 
 
 
 
 
 
Download and Run the Program 
 
7. Point your browser to www.jimsquire.com.  Go to Research and then to Fourier Synthesis.  Download 
one application program from the table of 8 possible ones by right-clicking it, choosing “Save target as…” 
and then saving it to the desktop).  As your instructor if you don’t know which of the 8 programs you should 
download.   Start by double-clicking the program (called FS with a digit, like “FS9.exe”) on your desktop.    

 
What is the name displayed on the titlebar (the top of the program’s window) that is running (e.g. “FS9”)? 
 
  ____________________________________________________________________________________ 
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Creating Waveforms 
 
8. Experiment with the Waveform Control upper-left box, and the “Square”, “Triangle” and “Sine” waveform 
types.  Results are shown in the Time Waveform plot.  Briefly describe what each waveform type means: 
 

a. Square___________________________________________________________________________  
 
b. Triangle _________________________________________________________________________  
 
c. Sine ____________________________________________________________________________  
 
 

9. What do each of the following sliders do to the Time Waveform plot?  You may find it useful to zoom in or 
out  on the plot to observe the entire waveform; do this by using the magnifying glasses over the plot 
axes.  Match the slider name on the left to its action on the right. 
 

Slider Name Action 
  
___ Frequency a.  Adds a randomly-varying waveform 
  
___ Amplitude b.  Alters the relative lengths of the rising segments and falling 

segments of each waveform 
___ Offset  
 c.  Shifts the waveform horizontally 
___ Delay  
 d.  Stretches the waveform horizontally 
___ Symmetry  
 e.  Shifts the waveform vertically 
___ Noise  
 f.  Stretches the waveform vertically 
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Finding the Sine Waves That Sum To Make An Arbitrary Waveform 
 

 

A variety of operations are well-defined for symmetric, zero-offset sine waves, but not for other wave shapes.  
It is therefore useful to be able to approximate any periodic (repeating) waveform as a sum of sine waves, in 
which each of the summed sine waves has a unique frequency, amplitude, and delay.  Remarkably, Jean 
Fourier published a method in 1822 that showed how to exactly recreate any wave shape as a (possibly 
infinite) sum of sine waves.   (Mathematicians: yes, there are exceptions such as they can’t have an infinite 
number of discontinuities; let’s say any wave shape that you can draw can be decomposed into a sum of sine 
waves).  If it’s not obvious how a square wave with its discontinuities (vertical sides) can be fashioned using 
a summed set of smooth sine waves, it was not obvious to Fourier’s contemporaries either, and the genius of 
his method (“Fourier series decomposition”) was not widely recognized and put on firm mathematical 
ground until over 50 years after his death.  (The secret, if you are interested, lies in the fact that an infinite 
number of sine waves have to be used in this case, and what “infinite” means in this particular sense).  
 
The plot in the right of the program shows the Fourier series decomposition of the waveform plotted in the 
left window.  Since both plots refer to the same waveform, avoid confusion by calling each by the left plot 
the “Time Waveform” and the right plot the “Frequency Analysis.”   Click the “reset all” button to show a 
symmetric square wave.  The frequency analysis window shows a bargraph; the height of each bar represents 
the amount (the amplitude) of the sine wave at a frequency corresponding to the bar’s location along the 
horizontal axis.  The further the bar is to the right, the higher the frequency of the sine wave that it measures.  
 
10.   How does the frequency decomposition of the square, triangle, and sine waves change as you alter their 
amplitudes?  (You may need to zoom out on the vertical axis of the frequency analysis plot to see everything 
by clicking on the       icon  of the vertical axis.)   As the time waveform’s amplitude increases, the height of 
the frequency decomposition bars (that correspond to the amplitude or height of sine wave at each 
frequency):  
 
 a.  increase proportionally 
 
 b.  decrease proportionally 
 
 c.  most increase, but not all 
 
 d.  do not change  
 
 
11.  Sine waves have 3 attributes: amplitude (their height), frequency, and phase (a shift to the left or right).  
You have so far used the program to determine the relative frequencies of the sine waves that sum to make an 
arbitrary waveform (the horizontal distances of each bar corresponds to its frequency) and their amplitudes 
(the height of each bar corresponds to that sine wave’s amplitude).  To find each sine wave’s phase, click the 
“phase terms” radio button in the upper-right panel.  If you see nothing but a flat line it means that the phase 
of all the sine wave terms are zero.  Try dragging the “delay” slider in the upper-left panel upwards to move 
the time waveform to the right.  What happens to the phase of each sine wave? 
 
 a.  each sine wave’s phase increases by the same amount 
 
 b.  each sine wave’s phase decreases by the same amount 
 
 c.  each sine wave’s phase increases by an amount proportional to its frequency 
 
 d.  each sine wave’s phase decreases by an amount proportional to its frequency 
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The Fundamental Sine Wave 
 
Press the “Reset All” button.  Examine the square wave in the time plot window, and look at the frequencies 
and amplitudes of the sine waves that sum to create it in the frequency plot window.  Move the “offset” slider 
in the upper left panel between 0 and 10 to translate the square wave up and down.  That’s like adding a 
constant value to the square wave, and a constant value has a frequency of zero.  As you move the “offset” 
slider away from 0, a new half-width bar appears in the frequency plot window at 0 at the far left, 
corresponding to how much zero-frequency power is in the signal.  Zero frequency is a constant because 
mathematically cos(0 t) = cos(0) = 1, a constant.  The fundamental frequency of an arbitrary waveform refers 
to the frequency of the first non-zero-frequency sine wave…zero-frequency terms don’t count.   
 
Given the above, do the following sliders change the amount (the amplitude) or the frequency of the 
fundamental sine wave in an arbitrary waveform?  (Try it!)   
 
12. Frequency 

 a.  changes only the amplitude of the fundamental sine wave 

 b.  changes only the frequency of the fundamental sine wave 

 c.  changes both the amplitude and frequency of the fundamental sine wave 

 d.  changes neither the amplitude nor the frequency of the fundamental sine wave 

13. Amplitude 

 a.  changes only the amplitude of the fundamental sine wave 

 b.  changes only the frequency of the fundamental sine wave 

 c.  changes both the amplitude and frequency of the fundamental sine wave 

 d.  changes neither the amplitude nor the frequency of the fundamental sine wave 

14. Offset 

 a.  changes only the amplitude of the fundamental sine wave 

 b.  changes only the frequency of the fundamental sine wave 

 c.  changes both the amplitude and frequency of the fundamental sine wave 

 d.  changes neither the amplitude nor the frequency of the fundamental sine wave 

15. Delay 

 a.  changes only the amplitude of the fundamental sine wave 

 b.  changes only the frequency of the fundamental sine wave 

 c.  changes both the amplitude and frequency of the fundamental sine wave 

 d.  changes neither the amplitude nor the frequency of the fundamental sine wave 

16. Symmetry 

 a.  changes only the amplitude of the fundamental sine wave 

 b.  changes only the frequency of the fundamental sine wave 

 c.  changes both the amplitude and frequency of the fundamental sine wave 

 d.  changes neither the amplitude nor the frequency of the fundamental sine wave 
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Frequency Components Non-Zero Only At Some Harmonics 
 
The Fourier decomposition of a periodic signal, such as the ones we are analyzing, does not have sine wave 
components at all frequencies; rather they only occur at integer multiples of the frequency of the periodic 
wave we are analyzing.  That is, a 2 Hz square wave (that is, a square wave that makes 2 complete cycles 
each second) can be modeled as a sum of sine waves of various amplitudes and delays but with frequencies 
exactly equal to 2 Hz, 4 Hz, 6 Hz, 8 Hz, etc.  The frequency of the periodic signal being analyzed is called 
the “fundamental frequency”.  The sine wave of the fundamental frequency is the left-most bar in the 
analysis window, and is usually the tallest, indicating that a fairly decent approximation to the original signal 
can be made using a single sine wave of that frequency.  To see how good that approximation is, click the 
“Reset All” button, then the “Triangle” waveform type, and then the “show reconstruction in red” button in 
the lower-left panel.  The red waveform shows the time waveform made by summing up a number of sine 
waves set by the slider titled “Plot N Harmonics”.  Mathematically, if you use the top equation selected in the 
upper right hand panel with N=1 you construct the red plot.  Intuitively we see that just a single sine wave 
(called the “fundamental frequency” sine wave gives a fairly good approximation to a symmetric triangle 
wave.   
 
17. Drag the “Plot N Component” slider to the right until the slider reads “4” to draw in red the waveform 
that is a sum of 4 sine waves of double, triple, and quadruple the frequency of the fundamental sine wave.   
Which of the following waveforms of different symmetries can be most accurately reconstructed as a sum of 
4 sine waves?  (all waveforms have a frequency, amplitude, and offset of 1 and a delay and noise of 0). 
 
 a.  A square wave of symmetry = 0, frequency = 1, amplitude = 1, offset = 1, delay = 0, noise = 0 
 
 b.  A triangle wave of symmetry = 0, frequency = 1, amplitude = 1, offset = 1, delay = 0, noise = 0  
 
 c.  A square wave of symmetry = 9, frequency = 1, amplitude = 1, offset = 1, delay = 0, noise = 0 
 
 d.  A triangle wave of symmetry = 9, frequency = 1, amplitude = 1, offset = 1, delay = 0, noise = 0 
 
 
18. We have already noted that the Fourier decomposition of a periodic signal has sine waves appearing 
only at integer multiples of the periodic signal’s fundamental frequency, called “harmonics”.  Some of these 
harmonics may have zero value.  The simplest example is in the Fourier decomposition of a sine wave.  
Clearly, that can be perfectly modeled by a single sine wave of its fundamental frequency.  Try it: click “reset 
all”, then the “sine” wave type.    There’s only one blue bar, and by pressing the “show reconstruction in red” 
it’s apparent that the waveform is perfectly reconstructed using a single sine wave.  Next, drag the 
“symmetry” bar and note that immediately many harmonics appear.  Now click the “reset all” again and 
choose the square wave.   Drag it’s “symmetry” slider.  What is special about its harmonics when symmetry 
is set to zero?  (If you can’t make it exactly zero using the slider, use the “reset all” button again). 
 
 a.  The amplitude of its even harmonics are zero 
 
 b.  The amplitude of its odd harmonics are zero 
 
 c.  The frequency of its even harmonics are zero 
 
 d.  The frequency of its odd harmonics are zero 
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Student Evaluation 
 
19. How irritating did you find the pause between the time you moved a slider and the time the screen 
updated? 
 
 a.  Not noticeable 
 b.  Slightly irritating 
 c.  Fairly irritating 
 d.  Very irritating 
 e.  Extremely irritating 
 
 
20.  How confident are you in your responses? 
 
 a. Not sure at all  
 b. Slightly confident 
 c. Fairly confident 
 d. Very confident 
 e. Extremely confident 
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