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Atom Music is a fun and educational way to investigate the sound of the atomic world using music synthesis 
techniques to create atom “songs”. While created for educational purposes, scientists and musicians have 
also shown interest in creating atom music. Insight can be gained in the structure of sound and its relation 
to the structure of matter using Fourier analysis. Quantum mechanical ideas can also be explored using 
granular synthesis. By correlating the bright lines appearing in atomic spectra to audible tones, individual 
atom notes can be identified. These notes then comprise musical tones that are unique to each element. 
Additionally, individual musical scales can be created that allow the students and musicians to compose 
music. This paper presents three methods to investigate the atomic world. Music synthesis programs allow 
the user to create waveforms to any specification. These can then be used to explore the atomic world by 
creating their music. Simple molecules can be mimicked by combining the music of different atoms to 
form atom “bands.” More advanced users can use signal processing methods to gain deeper insight into the 
atom’s sound.
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1. INTRODUCTION
Atom Music is an educational tool I initially developed in the late 1990’s and used primarily as

an exercise in the sonification of atoms in music synthesis courses. Over the years, it has evolved into a 
much more robust educational tool that has attracted attention from several different disciplines, including 
physics, chemistry, acoustics and music. The simplicity of the spectral mapping to audible tones makes it 
easy to create unique tones for each atom. This in turn makes it easy to create musical sounds and scales 
that allow for investigations into both the scientific and musical realms. In this paper, I present three 
methods that can be used to represent the atom from an audible perspective.  

Sonification is the process of turning non-auditory data into audible sounds.1 The earliest example 
of this would be a Geiger counter that will produce clicks when radioactive particles are detected. As 
availability of digital audio workstations (DAWS) became more commonplace, the sonification of data 
began to flourish. There are sonifications of almost anything, mostly with unsatisfactory results, at least in 
a musical sense. Typically, there is so much data being turned into audible sounds that the result is 
generally noisy. A few examples of the sonification of scientific data can be found here: https://qcd-
audio.at/results.html 

The advent of easy to use music synthesis programs has allowed for a new generation of music 
composition. Prior to these programs, music was primarily composed by ear. Even as analog technology 
grew, the viewing of waveforms was limited. As early as the mid 1990’s, musicians were creating and 
sculpting waveforms visually using graphical analysis and digital signal processing methods to explore 
new and unique sounds in addition to creating from an audible perspective alone. With the development 
of DAWS such as Pro Tools and Logic, musicians were able to compose and edit their music using their 
eyes as well as their ears. Using digital signal processing, they were able to alter waveforms and its 
corresponding Fourier transform (FFT). For the first time, musicians could visually manipulate these 
waveforms in addition to hearing the sounds as they composed and/or edited. The more I became familiar 
with the way that sound designers were using these tools, in particular the use of the Fourier transforms, 
the more I was intrigued. The deliberate blending of sinusoidal waves to create complex sounds which are 
perceived by the ear as being rich in harmonics was reminiscent of the way atomic spectra represents the 
pattern of sinusoidal waves that are perceived by the eye as a complex color.  

2. BACKGROUND
I have always been inspired by the interconnectedness of nature and wanted to find a way that

could exemplify this interconnection for students in my music synthesis class. Phenomena such as light, 
sound and ordinary water exhibit similar properties. The wave-like aspect manifests itself in each instance 
according to their specific physical properties, but the mathematical and graphical representations are the 
same.  

Figure	1:	Different	physical	phenomenon	can	all	described	by	a		

		wave	equation	that	yields	the	same	time	dependent	solution	that	

can	be	described	as	a	harmonic	relationship	where	!" = $!%.	
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For each case in Figure 1, a wave equation describes the specific phenomenon whether we are 
investigating quantum mechanical waves, electro-magnetic waves or particle waves. In each case, the 
time-dependent solution to the wave equation is 

&" ' = (")*+,-     (1) 

where !" = $!%	 (2)	

and !" = 2/0"	 (3)	

Here, t is time and An is the amplitude of the wave at time, t. !" is the frequency of the wave in 
rad/sec and 0" is the frequency in Hz.  

A. SPECTRAL LINES
Elemental gases will produce colored lights that are unique to each element. When viewed

through a grating, the element’s spectral lines are revealed. These are single frequency electromagnetic 
waves that are produced through transitions between energy states of the element itself. Each element can 
be identified by the pattern of its spectral lines. Figure 2 shows the periodic chart of spectral lines. These 
are often referred to as nature’s fingerprints and are used to identify atomic structure.  

Figure 2: The atomic spectra of each element 
superimposed on the periodic chart. Image: Field 
Tested Systems ©2017 

The colors we perceive in “neon lights” are actually the combination of these individual waves 
entering our eyes from different elements. The brightness of each spectral line corresponds to how much 
of that component will add to the final color we see. The different sounds we perceive are also the result 
of individual frequencies combining together to form a complex sound. The connection between the way 
we treat complex colors of the elements and complex sounds are so similar that we often refer to the 
timbre of a sound as its color, where the colors perceived are dependent on their frequency spectrum. 

Mathematically we can express this final color as the sum of the individual spectral lines.  The 
color of each spectral line has a frequency,	!2 that we perceive as the color of the line. Here, the 
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amplitude is expressed more formally as &(!2)  that we perceive as the brightness of the spectral line. 
The time-dependent solution representing the wave equation is 

	5 '" = & !2 )*+6-,	
78%

"9:

	$ = 0,1,2, … , ? − 1	 	(4)	

Fourier’s Theorem states that any wave can be thought of as the sum of individual sine waves. 
The individual sinusoids of a complex wave can be expressed in terms of their frequency and amplitude 
that can be determined mathematically using the Fourier Transform equation. 

	& !2 =
1
? 5('"))*+6-,
78%

29:

	B = 0,1,2, … , ? − 1	 	(5)	

In Hydrogen, we see the combination of these waves as the magenta color shown in Figure 3 
along with the spectral lines for Hydrogen and its Fourier transform. The spectral lines are expressed as a 
graph of amplitude vs frequency of the individual lines. The height of each line is a relative measure of 
the amplitude of that frequency. 

Figure 3: The magenta color seen in the hydrogen gas 
tube is the result of the individual colors (or 
frequencies) entering our eye at the same time. We then 
perceive the combination of these colors in the form of 
a complex wave. 

B. TONE SCULPTING
If we are interested in creating sonifications that are musical to the ear, we need to ask the

question of what makes one sound musical and another noisy. Fourier Analysis can be used to create a 
mapping for a particular element’s base sound. The spectra can then be combined to make a base 
waveform with which to work with using additive synthesis methods.  The more frequencies that are 
present, the noisier the sonification seems. Yet real sounds can have even more frequencies present and 
not sound noisy. The problem arises when we look closely at Equation 4. This equation represents a 
waveform that exists for all time. It never deviates in peak amplitude. Real sounds do not exist for all 
time. In fact, they quickly damp out. When a sound does not damp out, we find it very annoying – even if 
it is a single frequency sine wave. The damping effect, itself, is an exponential decay that affects the 
amplitude of the overall waveform. The amplitude of a sound in air will decay exponentially as 
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( = (D)
8EF          (6) 

where (D is the peak amplitude, t is the time and G is the decay constant. 
Additionally, how the vibrational energy is started determines how we perceive the sound. This 

affects how the waveform initially grows to its full amplitude, referred to as the wave’s attack.  How we 
apply the attack and decay envelope will result in the tone mimicking a plucked string with a fast attack 
and immediate decay or a bowed string with its more gradual attack and longer sustain, as can be seen in 
Figure 5 below. When a note is produced on a physical instrument, the waveforms produced will exhibit 
different characteristics that depend on the instrument producing the note and how the input energy is 
supplied. In the case of a violin string, a comparison of the same string excited by means of plucking the 
string vs bowing the string gives decidedly different sounds. The attack determines how the individual 
harmonics initially build to its final complex form. As can be seen in Figure 4, the attack, occurring in the 
first 25 – 50 ms have a very different shape and time span for the plucked and bowed string examples. 

a.       b.  

Figure 4: The attack portion of the waveform occurs in the first 25 
– 50 ms and gives rise to the tone’s overall timbre. This shows the
attack of a) the plucked string. and b) the bowed string.

The Figure 5 shows the D string on a violin (a) plucked and (b) bowed. We can look at the waveform for 
each and clearly see that the shape of each is very different, despite the fact that they were played on the 
same instrument. The excitations of the instrument are dependent on how the vibrations are started. You 
can listen to each note at https://academics.skidmore.edu/blogs/jlinz/sound-examples-for-asa-article/, 
where you can clearly hear a difference in timbre while the resulting identifying note or pitch remains the 
same.    

a. 

b. 

Figure	5:	Waveform	of	a	D	string	played	on	a	violin	by	

a.)	plucking	the	string	and	b.)	bowing	the	string.	Audio	

samples	 can	 be	 found	 here:	

https://academics.skidmore.edu/blogs/jlinz/sound-

examples-for-asa-article/	
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 If we look closely at each waveform and their corresponding spectra in Figure 6, we can see that 
the each has its own combination of harmonics that give each its own timbre. The harmonics appearing in 
each can be calculated using Equation 2, where 0% = 293.4	KL. The amplitudes of each are a relative 
measure to that of a single sinusoidal wave of amplitude 1. What accounts for the difference in timbre are 
the amplitudes of each harmonic in their respective spectra.  
 

																										a.						 							b.					  
	

	 										Figure	6:	Spectra	obtained	by	a.)	plucking	the	string	and	b.)	bowing	the	string.	

	

When creating the frequency spectra of the elements, we cannot rely on Equation 2 as we do with 
acoustic sounds. These must be derived from the mapping of spectral lines to audible frequencies.   
	

C. SOUND	CLOUDS	

 Another way that we can create an audible representation of the atom is by representing its 
electron cloud using a music synthesis technique known as Granular Synthesis. Unlike other methods in 
music synthesis, what makes this method so appealing is that Granular effects are created using quantum 
mechanical ideas applied to sound synthesis.4 The achieved affect can easily mimic a cloud. It is, in fact, 
often referred to as sound clouds, making it an ideal sound to include here. 
	 It was proposed as far back as 1946 that sounds can transmit data by way of quantum bits in the 
same way light can.5 If we consider the waveform as it exists in space, we can gain insights into it how 
will evolve in time. When several sinusoidal waves are added together, an interference pattern begins to 
emerge. This process will localize the wave and confine it to a space, ΔN	as can be seen in Figure 7. When 
ΔN is large, it is easy to determine the average wavelength, OPQR. There is a high probability of accurately 
measuring OPQR.  When the wave becomes more localized and ΔN is small, then ΔN → OPQR. This makes it 
difficult to make a distinction between ΔN and OPQR. The probability of accurately measuring OPQR 
decreases. As ΔN → 0, The probability of accurately measuring OPQR also approaches 0. 

 

a. 	

b. 	

	

Figure 7: Localized acoustic waveform of length ∆N and average 
wavelength OPQR when	 a.)	 ΔN	 is	 large	 and	 b.)	 ΔN	 is	 small	

compared	to	OPQR.	 
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There is uncertainty in making an accurate measurement of the average wavelength. This 
uncertainty greatly increases as  UV

UW
→ 1. This is generally expressed in terms of its wavenumber, B = XY

W
. 

Then we can express the uncertainty as ∆B∆N ≈ 2/. Since [ = ∆+
∆2

,  and, [ = UV
U-

, we can express the
uncertainty as 

					∆!∆' ≈ 2/	 				(7)	

This argument is the basis for Heisenberg’s Uncertainty Principle that is central to Quantum 
Mechanics and gives rise to the theory that the nucleus is surrounded by an electron cloud of unknown 
frequency and wavelength until it is actually measured.  

D. ATOM SCALES
Ultimately, having a single tone sound musical is fine, but it is the interaction of the individual

notes within an atom and how these notes combine with other types of atoms that has applications that 
span beyond the scientific realm. A musical scale, by definition is a set of notes, or tones which are 
ascending in pitch or frequency. Scales have been developed in many ways in different areas of the world. 

Pythagoras is credited with the discovery of the physical relation between the sizes or lengths of 
vibrating two objects and the tones they produced. If two strings are plucked simultaneously and their 
respective lengths have a ratio of 2, the resulting tone is pleasant to the ear. Pythagoras termed this 
interval “the octave”.  Intervals of a perfect fifth and perfect fourth were defined in a similar manner. The 
ratio, R, between the lengths define the primary musical intervals, which is proportional to the frequency, 
0, of its vibration. The ratio between the frequencies is 

\	 = 	 ]̂
]_

(8)	

As western music theory developed, the physical (or diatonic) scale was expanded to include 
major and minor thirds. It was determined that these musical intervals could be found, along with the 
Pythagorean intervals using the relation described previously in Equation 2. This relation was ultimately 
derived from the standing wave equation shown in Figure 1. For the diatonic scale, this relationship was 
found independently using ratios similar to what Pythagoras originally did. Today’s written music staff is 
semi-logarithmic graph of frequency vs time that spans frequencies from approximately 100 Hz to about 
800 Hz.    

While we are more familiar with the scale of equal temperament, the physical scale system can be 
mapped out onto the musical staff using equation 2. The figure below shows the scale of G on the musical 
staff as well as the frequencies calculated for n = 1 through 7.    

Figure 8: Musical staff as a semi-logarithmic frequency vs time graph.  The 
physical scale and musical staff showing the scale of G. The frequencies 
listed on the left are determined using equations 2 and 3. The note 
placement on the musical staff are shown as well for n = 1 through 4. 
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Scales are typically laid out so that the notes lie in ascending order within an octave, such that 
each note is either a whole step or half step from the previous note. The atom scales are confined within 
an octave, but the notes within the scale are based solely on the closest note in Equal Temperament to the 
measured audible frequency found from the spectra itself. 

3. METHODOLOGY
In order to create a sonic representation of an atom, we need to think about the various parts of

the atom being represented as well as how we want to represent it. In the same way that a good 
composition or song is the result of layering effects of the different instruments, the atom itself can be 
considered to be the result of layering effects. There are many ways one can approach this. I personally 
have incorporated 3 distinct methods that I have demonstrated individually in this paper. The first method 
I chose to represent the atomic transitions that occur in the spectral lines is through the mapping of the 
spectral line frequencies to audible frequencies, which then form the base tone. The electrons themselves 
form an electron cloud. Another method to sonify the atoms is to investigate a synthesis method known as 
granular synthesis. As mentioned earlier, Granular Synthesis has its foundation in quantum mechanics 
and is particularly suited to create the idea of electron clouds within the tones. These two methods can be 
layered together to form a unique sound for each element or created separately. Finally, scales unique to 
each element will be determined. The scales are particularly intriguing to musicians. These allow the 
musician to compose musical pieces that are direct interpretations of the data. 

A. MAPPING THE SPECTRAL LINES
The visible spectrum for the human eye ranges from 400 nm to 700nm. In this scale, 400 nm

corresponds to violet light and 700 nm corresponds to red light. Typically, we distinguish different light 
waves by their wavelengths. While sounds are distinguished by their frequencies. We can easily express 
the light waves in terms of their frequencies through its velocity, [ 

[ = O0 (9) 

Where O is the wavelength and 0 is the frequency of the waves. The figure below shows the conversion 
scale used to determine each element’s scale. 

Figure 9: Mapping scale showing the conversion between spectral 
wavelengths and audible frequency range used. 

The spectra for each element can be superimposed over the scale shown in Figure 8. Over the 
years I have played around with many different ranges of frequency. I finally settled on a scale 0 – 1000 
Hz. It is a simple relationship that lies just above and below the music staff frequency range.    

        Figure 10: Helium spectra with frequency conversion. 
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The correlation between the spectral lines and the frequencies can be obtained by measuring the 
distance between each segment (i.e., 0 – 125 Hz) and then measuring the distance to the line in question. 
A simple ratio determines the corresponding audible frequency of the spectral line.  

`ab,c
`dcefc,E

= ]ab,c
∆]dcefc,E

(10) 

where dsegment is the physical measure of the line segment, dline is the physical measure from the lower 
frequency of the segment to the spectral line. Δfsegment is the change in frequency of the segment interval 
and fline is the audible frequency of the spectral line.   

Once the audible frequencies have been determined, sinusoidal tones that correlate to the atom’s 
spectral lines can then be generated. The amplitude of each spectral line can be determined by consulting 
the National Institute of Standards’ Atomic Spectra Database3.	It is this data that form the element’s FFT 
as shown in Figure 11 of the Results section.	These can be combined to form the atom’s individual tone. 
There are many simple to use music synthesis programs that have been developed which use basic signal 
processing methods.	

B. ATOM TONES AND SOUND CREATION
Once the raw data has been determined for an element, a base tone can be created by simply

adding together sine waves of each frequency. This can then be sculpted to create different instrument-
like sounds using distortion and filtering techniques that can be found in almost any DAW. My personal 
choices are Amadeus and Max/MSP, but there are many available.  

When synthesizing a tone, we need to consider more than just its harmonic spectrum. This gives 
the tone its core structure. While that determines the timbre, it is the attack and decay that ultimately give 
the sound that quality we identify as musical or pleasant. The decay plays a role in the way the tone is 
perceived. This gives us a sense of space and reverberation in the tone.  

Direct application of Equation 6 to the waveform expressed in Equation 1 will result in a 
waveform that will decay in time. The decay parameters are generally built into functions within the 
programs themselves. The attack can be achieved in many different ways. This is often an area of interest 
to sound designers. They are generally applied through filtering techniques that are also available within 
most programs, or available separately for purchase that can be added onto (or plugged into) a primary 
program.  

C. SOUND CLOUDS AND GRANULAR SYNTHESIS
Granular synthesis uses sounds broken into small time intervals called grains that can then be re-

combined to form a new and unique sound. The smaller the time interval, the more uncertain the resulting 
frequencies produced will be, as is shown in Equation 7. As the time interval gets smaller than humans 
can perceive, the range of frequencies produced increases, giving the re-combined sound a feel of low 
amplitude white noise randomly fading in and out. Random frequencies will be produced giving the 
overall cloud the effect of crackles and pops within the cloud. As the time interval increases, the sound 
reverts to its original form and pitch. 

In the range of frequencies that we are interested in, a sound must exist in space for a minimum of 
about 60 ms in order for humans to perceive it.3 To create a sound grain, we must create a wave packet 
that if large enough that it can exist in physical space. These small wave packets, or grains, can be 
produced that last anywhere from 5 ms to 50 ms. The example in Figure 11 shows a grain lasting 20 ms at 
a frequency of 800 Hz. The attack and decay are mirror images of one another.  
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Figure 11: A wave-packet of length 20 ms and frequency of 800 Hz.3 
 
 Using available audio programs (plug-ins) that are specific to this technique, any sound file can 
be broken up into grains. Samples of the atom tones can be turned into grains by simply breaking them up 
into smaller and smaller pieces. When many of these grains are combined together, we get the effect of all 
frequencies existing at the same time, with occasional random emission of the specific frequencies. 
According to Equation 7, as Δ' decreases, the bandwidth of ∆! increases and determining any specific 
frequency becomes impossible. As the grain size is increased, ∆! decreases and the result is that of a 
single frequency sine wave.  
 While my own students are required to create these effects using more brute force methods, there 
are many plug-ins available that will create the cloud-like effects. Examples that are the typical sound of 
granular synthesis can be found here: https://academics.skidmore.edu/blogs/jlinz/atom-compositions/. 

 
 

D. CREATION OF A MUSICAL SCALE   
 Another way the frequencies obtained from the spectra can be used is to create a scale of notes 
that are unique to each element. The simplest and most accurate way to do this would be a direct 
correlation of the data to notes on an instrument. Because most instruments are designed to play within 
equal temperament and many of the spectral frequencies are not, I chose to find the closest note in equal 
temperament to the spectral frequencies. To determine the closest note in Equal Temperament (ET), I 
calculated the ratio between the spectral frequency and the frequency of the closest note. I then calculated 
the number of cents between these values using the following equation: 
 
     g(¢) = %X::

iDRX
jkl\        (11) 

 
where I(¢) represents the number of cents and R is the ratio between the measured frequency and the 
closest note frequency in Equal Temperament. Since there are 100 cents between each half-step (or semi-
tone), I chose the note that was less than 50 cents off.  

 
4. DATA    
 The following data is for Helium and was obtained using the scale in Figure 10 with values of 
Δfsegment = 125 Hz and dsegment = 0.02 m to determine the audible frequency in Hertz. Table 1 shows the 
brightness and wavelength of the spectral lines in Helium as well as the calculated audible frequencies. 
Table 2 shows the calculated audible frequencies and its nearest note and frequency in Equal 
Temperament. The deviation between the audible frequency and the ET frequency is expressed in cents.    
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Table 1: Raw data showing the color of the lines, their wavelength 
and brightness along with the mapped frequencies for Helium. 

Color Brightness2 Wavelength (nm) Audible 
Frequency (Hz) 

    Red 100 667.78 117.00 
    Yellow 500 587.56 376.00 
    Green 100 501.57 662.50 
    Blue 200 447.15 841.25 

Violet 50 402.62 984.40 

Table 2: Determination of notes in the scale of Helium. In addition to the nearest 
note and its frequency, the number of cents off from that note is also shown. 

Color      Frequency (Hz) Nearest Note   ET Frequency       	± Cents 
(Hz) 

Red 117.00 A2
#   116.54 +6.82

Yellow 376.00 F4
#    369.99 +27.89

Green 662.50 E5   659.26 +8.49
Blue 841.25 G5

#   830.61 +22.00
Violet 984.40 B5   987.77 -5.92

5. PROGRAMS
I have compiled a list of programs, DAWS and plug-ins that I have used over the years along

with links to all. You can find them at https://academics.skidmore.edu/blogs/jlinz/programs-daws-and-
plug-ins/, along with my own thoughts and comments on each. 

6. RESULTS

A. TONES
My own acoustical interpretation of the elements can be found at

https://academics.skidmore.edu/blogs/jlinz/atom-tones/. I initially chose to represent each atom through a 
direct mapping of the atomic spectra to audible tones. In the same way that we can observe various 
transitions of electron states by the color emission, we can mimic these through sound using Fourier 
analysis. While each element did produce a different sound, the result was still noisy and unpleasant. The 
musical qualities of the elemental tones are ultimately produced using Digital Signal Processing methods. 
In the examples shown in Figure 11 and online, I applied an exponential decay to each sound, giving each 
tone a “plucked string” feel to the resulting tones. 
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Figure 12: a.) The FFT (spectrum) generated from the 
bright line spectra. b.) A 500 ms sample of the direct 
waveform generated through additive synthesis, and c.) 
The waveform with the exponential decay applied for 
Helium (top) and Hydrogen (bottom) for comparison.  
Audio samples of raw data can be found here: 
https://academics.skidmore.edu/blogs/jlinz/sound-
examples-for-asa-article/ 

	

	

 
B. SCALES  
 While the notes determined from the data from Table 2 are in ascending order according to their 
specific frequencies, scales are traditionally expressed such that all of the notes are confined to within an 
octave as discussed previously. The scale of Helium can be written as: 

 
   A# B E F# G# A# 

 
The corresponding scales a few other elements can be found here: 
https://academics.skidmore.edu/blogs/jlinz/atom-scale-data/.  
 
 
7. CONCLUSIONS 
 I have shown in this paper that it is possible to create the sonification of atomic data and have it 
sound musical, or pleasant to the ear. This in turn makes it easier to listen to the data and to interpret it 
both scientifically and artistically. These results have real world applications in the study of the atomic 
world. In addition to scientific applications in the study of data, there are clear applications in education 
and in music. I have demonstrated 3 different methods to achieve this goal. By directly mapping the 
bright line spectra to audible frequency, we are able to create unique tones for each element.  

• Through the application of digital signal processing methods, the sonification of these 
tones can be made to sound pleasant. Even though the base tones are all unique to each 
element, without these processes, we have a difficult time listening to them to get any 
real value out of their creation. Altering the base waveform through these processing 
methods can allow for different tonal results. 

• Granular Synthesis is a synthesis method rooted in the ideas of Quantum Mechanics. Just 
as the electron cloud is a result of Heisenberg’s Uncertainty Principle, sound clouds are 
the result of the application of the Uncertainty Principle to audio synthesis. Sound clouds 
can be formed for each element based not only on their individual mapped frequencies, 
but also due to the range of frequencies within each element. 

• Musical Scales that are unique to each element can be defined directly by the individual 
mapped frequencies. By correlating these to standard notes of Equal Temperament, these 
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scales become playable by any instrument or groups of instruments. This allows for 
artistic interpretations of atomic interactions between different elements. 

8. PERSPECTIVES
We have the tools at our fingertips to be able to explore the universe in a unique way. One that

explores the language of the universe through the creation of musical tones and scales based on atomic 
spectra and the periodic chart. The intersection between music and atomic physics has a long history and 
is a fundamental relation. Music technology can change the way we investigate the atomic world, both 
scientifically and artistically. Just as digital signal processing has changed the way we compose and 
produce music, audio editing and synthesis programs can change the way we can investigate the atomic 
world. I have only looked at creating the tones using simple additive methods. I can envision combining 
these in other ways. Perhaps using other synthesis techniques (AM, FM) to combine the sinusoidal 
waves? These methods can be applied to any sonification as it is the basic waveform and the subsequent 
harmonics that create the identifiable sound. 

Looking at the scales themselves, the spectral frequencies were almost spot on in some cases. 
Other times, they were further off. While this method is decidedly the least accurate method to represent 
the atomic world, it is, by far the most inspirational. Especially to students and musicians who do not 
consider themselves to be science and math oriented. 

Artists, themselves have shown great interest in the use of atom scales to create art from a 
scientific point of view. Atom Music has had several collaborations in the STEAM area. In all cases, the 
artists involved have shown great interest in understanding the properties of the different atoms and 
molecules. Live interactions between musicians and an audience resulted in all participants looking up 
atomic properties. Several collaborations are currently in different stages of completion. More 
information on these can be found: https://academics.skidmore.edu/blogs/jlinz/atom-collaborations/ 

The periodic chart itself can be thought of as a mapping of the notes to be played in a similar way 
that we thought about the scales. What would different groupings of atoms sound like? Are there natural 
interval between the different atoms? The collaborations used both the scales and tones to represent 
simple molecules. Combining the atom scales and/or tones can lead to more and more complex structures 
in a more artistic interpretation. My own interpretations include all three methods: the tones, the clouds 
and the scales. 

A more ambitious endeavor using these techniques is a concept album tentatively titled “Atom 
Songs.” Atom Songs takes the listener on a journey into the atomic world through music and song. It tells 
the story of the friction between those atoms who want to live in a free and gaseous state and those atoms 
who believe true happiness comes from being bonded and living in a molecule. More information can be 
found at https://academics.skidmore.edu/blogs/jlinz/atom-songs/. 
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