
Harmony in the Caribbean:

Making and Breaking the Secrets of the Steel Pan
By Krystle Williams
We all know about the Caribbean. It's that idyllic, laid back paradise with palm trees, white sand and blue ocean. Good for lazy vacations. But dig a little deeper and you may see that there is much more to this place. For science, the Caribbean is not at all as laid back as we might think. The islands are brimming with geologic mysteries, unique tropical flora and a plethora of other wonders; and the island of Trinidad is one of the richest in the Caribbean. Formerly a part of South America, this southernmost island boasts biologically diverse rainforests adjunct from the Amazon, a multifarious cultural population and even the largest natural deposit of asphalt in the world—sounds like a dream for the ecologist, anthropologist or geologist. You may be surprised, but this island can also hold allure for the physicist. 

Enter the Caribbean steel pan: the only one of the few genuinely novel acoustic instruments invented in the twentieth century. Its unique build and sound have mesmerized many tourists, as well as acoustical physicists who aspire to unlock its secrets. Truly an ingenious invention, the steel pan hails from a small Trinidadian town, Laventille. It is believed to have originated from dustbins, used as rhythmic instruments by the traditional Carnival (street festival) bands in the 1930’s. An oil industry as well as an U.S. naval base had also been established on the island of Trinidad and leftover steel oil drums were often cut in two and used as dustbins. The bottom of the steel oil drum was hammered outwards to a convex shape (i.e., the opposite to a modern steel pan) and then small dents for the different notes were made in it. In the later part of the 1940’s, a pan pioneer changed the design to concave with convex note-dents and increased the number of notes in the pan, to the format we see today. There are eleven different types of standardized steel pans, all with differing ranges. Together, they range from the bass to soprano line; a range almost equal to that of a grand piano.

What makes the steel pan so unique and mellow sounding is the fashion in which it is tuned. Steel pans are tuned with special tools: hammers. This may not be what you were expecting, but the very nature of how a steel drum is made is based on this principle. 
There are 3 phases involved in creating a steel pan. First, a 55-gallon oil drum is selected and a 40-pound sledgehammer is then applied to the bottom of the barrel, stretching the metal into the desired concave shape. This is called "sinking the pan". This is an important process for several reasons; one being that sinking removes the tone of the bottom of the drum.  As the bottom is sunk you the tone rises from a low pitch up to a very high one. Second, the bottom is stretched to enlarge the surface to make enough space for all the notes (the highest ranging steel drum has thirty one notes and spans almost 3 octaves!). Third, the metal is made thinner in the middle where the highest notes will be situated. There seems to be a certain (still unrevealed) relationship between the size of the notes and the needed overall curvature of the pan – small notes (high pitch) need deeper sinking  while large notes (low pitch) need a more shallow sinking. 

After sinking the steel pan, the steel must then be “tempered.” In Trinidad, pan makers will often take their drums down to the beach and build a fire. After burning the pan for a short of period of time, it is then plunged into the water. This heating and cooling process called “tempering”, and it increases the resilience of the steel, which helps it withstand the harshness of the tuning process.
The notes are then outlined on the concave surface and then “grooved.” Grooving is done using a nail punch and a hammer, and is important as it isolates each note’s vibration somewhat from the other notes in the pan. It also makes notes more visible. Now the “skirt”, is cut to the proper length, and holes are drilled near the rim to hang the drum from a stand with wire or rope. Here, the tuning process finally begins. The pan maker then takes his hammers of various sizes and proceeds to hammer the notes up from beneath and above to acquire the desired sound. 
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The tuning of traditional musical instruments like string, brass and wind instruments is fairly simple; you tune the note to the right pitch and it will automatically sound right. Tuning a steel pan is a much more complicated process. Let’s talk some acoustical physics.  

Musical notes can be defined by three parameters: loudness, pitch and timbre. Loudness is a straightforward concept; it is the perceived strength of the sound. The sound we hear results from vibration in the air. The amplitude, or breadth, of vibrations produces our sense of loudness, or volume. The pitch of a sound is determined by the frequency of the sound. The frequency of a sound describes how many times the air molecules are pushed back and forth each second. If the frequency of a single tone is related to its perceived place on a musical scale, the result is called the pitch of the tone and is usually denoted as G, G#, A etc. Timbre is actually a less fundamental acoustic parameter than amplitude or pitch, but it is crucial in describing the texture or "feel" of a sound. To truly understand timbre we must understand harmonics (or overtones) as timbre is that unique combination of the fundamental frequency and harmonics that gives each musical note its unique coloring and character. 

A complex sound that is perceived as a tone is usually built up of a number of partials that are equally spaced on a frequency scale. This means that the frequencies of the higher partials are multiples of the lowest one. This is called a harmonic series, and the tone is therefore called a harmonic tone. Most musical instruments generate harmonic tones. For example, a harmonic steel pan tone with the lowest partial at 200 Hz has upper partials at 400, 600, 800, 1000, 1200 Hz, and so forth. When we listen to a complex tone, we unconsciously analyze the sound and split it into its partials. The lowest partial of a harmonic sound is what we perceive as the pitch of the tone, i.e., the note’s position on the musical scale. Therefore, the lowest partial is called the fundamental. The higher partials are often called overtones to the fundamental.

The distribution of these partials determines whether the sound can be considered to be harmonic or not; if the partials are evenly spaced, the tone sounds harmonic. To be able to discuss the importance of harmonic partials later, we need to take a first look at their musical significance. The figure below shows the example of the partial distribution in a harmonic tone with a fundamental at 200 Hz.
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1 200 He Fundamental
2 400H  Octave One octave above the fundamental
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The table shows that the harmonic partials all have a relationship to the fundamental that can be derived from the musical scale. For instance, each doubling in frequency represents an octave step.

When tuning a steel pan the pitch and the timbre have to be adjusted independently. This means that the pan tuner has to control both the fundamental, constituting the playing pitch, and the upper partials (harmonics) producing the timbre, while he is doing the tuning. If the upper partials are not in a harmonic relationship to the fundamental the note will sound harsh and metal-like. A good steel pan tone has many harmonic partials; at least five or six that are strong relative to the fundamental. 

I performed a simple project to illustrate the harmonics in a steel pan note. Using the steel pan with the highest range, a tenor pan, I created sound recordings of one octave, beginning at C4. The tenor pan ranges from C4 (or middle C, which has a fundamental frequency of about 261 Hertz) to F6 (fundamental l frequency of about 1397 Hertz!). The tenor pan used for recordings was suspected to be left out of tune on its left side by a mysterious “bump”. Steel Pans are volatile instruments that are tuned regularly, as it will become out of tune by any accidental “bumps”, or non-accidental, because if you didn’t know, steel pans are played by striking the notes with short rubber covered sticks!
Because of this, four notes were chosen to be examined, and they were C4, C#4, D#4 and D. From the figure below you can see where the notes are located. 
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Low Tenor Steel Pan

D#4 is on the left hand side of the tenor pan, D4 is on the right side of the pan, C4 is at the lowermost center and C#4 is almost at the topmost center. The right hand side notes should be unharmed and the left hand side notes should be out of tune. The center notes are controls should also be unharmed if damage is localized or out of tune if a “bump” to one side spreads throughout the steel pan., but they are in the examination to see how far the damage extended when the pan was hit. To examine the notes they were read in to Mathcad® and Fourier analyzed. Mathcad® is a software program that enables you to perform various mathematical processes. Mathcad® has a built in function to read sound files. After this was done using another built in function (FFT), we Fourier transformed the sound wave to identify the frequency makeup. Fourier analysis is based on the concept that real world signals can be approximated by a sum of sinusoids, each at a different frequency. 
Plotting the harmonic magnitudes on the y-axis and the frequency of the harmonic on the x-axis generates a Frequency Spectrum. The next graph is a frequency spectrum of the steel pan note C4, generated in Mathcad®.
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Upon examination the largest spike was at 261 Hertz, and the other four lesser spikes are at the three higher modes respectively of 522,783 and 1044 Hertz.  261 Hertz is the fundamental frequency of C4 and so it follows it should be the largest spike (greatest magnitude on the y-axis), as it is what we denote the sound as on the musical scale. Thus this note is completely in tune. The graph below shows the frequency spectrum of C#4.
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As before the largest spike is at 277 Hz, the fundamental frequency of C#4, and the other four lesser spikes are at the three higher modes respectively of 554, 831 and 1108 Hz. 
Thus this note is also completely in tune. So far it seems like the damage is localized as the center notes are unharmed. I then looked at D#4, the supposed out of tune note.
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This note is clearly out of tune. The largest spike is at 311 Hz, D#4’s fundamental frequency, but there are many other spikes that do not fall on integer values of the fundamental frequency i.e. harmonics and they do not fall off as partials should. Lastly D4 was examined.
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The largest spike is at 293 Hz, D4’s fundamental frequency but in addition to the upper harmonics there were extra random spikes which mean D4 was also out of tune! 

The results were as expected for D#4, the note on the side of the pan though to be affected. However D4 was shown to be out of tune and it was on the alleged unaffected side of the pan. The controls C4 and C#4 showed that the damage is localized and does not spread to the entire pan, so D4 being out of tune is not too mysterious as it could have been affected at another time.
This relatively simple experiment shows the potential use for FFTs in the music industry. Widely used now, FFT use can be expanded to unique applications, such as creating a device that standardizes the tuning of the Caribbean steel pan. This project is actually in the works, and standardizing the intensity of harmonics in a steel pan would improve the overall quality of steel pans made, because there would be a greater decrease in sound variability, and possession of the best sound will always be possible. That is just one application of the FFT and the possibilities are vast to what FFTs can help musicians accomplish. 
More and more research is being done on the steel pan as acoustical physicists try to unlock its secrets. Increasingly, this is being done by less traditional methods but rather by employing new ways like computational programs. Maybe one day all the secrets of the steel pan and other unique instruments can be revealed via computational methods. But for now, you can be sure that not one physicist is upset about having to continue this research in the idyllic, laid back paradise that is the Caribbean.  
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