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History and trans-cultural manifestations:
 What is a marimba?

A marimba is an idiophone that creates sound by striking wooden bars with a mallet-like structure. The early marimba was a simple device fashioned out of wooden keys with a resonating gourd attached underneath. Each gourd was tuned to the pitch of its specific key, and a natural membrane placed inside was responsible for the buzzing reverberation that the marimba has come to be known for. In many rural villages in Africa, Central America, and Latin America, the marimba is still constructed in this simple fashion.

The modern marimba still has keys constructed of wood, but more particularly these keys are made of either rosewood or padouk. The resonators have changed as well with time, with brass or aluminum being used. 

The marimba is a very important cultural instrument in Guatemala, Mexico, and western/southern Africa. The traditional marimba is used in religious ceremonies and various social events (Clave Magazine). The modern marimba, utilizing its metal resonators, is commonly used in American orchestras (Britannica).

Semantically, the traditional marimba is known as a balaphone because of the gourds that are used as resonators. Regardless, both the marimba and the balaphone are varieties of what is commonly called a xylophone (Britannica).

History of the Marimba/Trans-Cultural Disambiguation


The origins of the marimba are still heavily debated. Some believe it originated in southeast Asia, while others show evidence of an African origin. Robert Garifas claims that both types of marimbas located in Mexico and Central America are generically related, and come from an African origin (JSTOR). His conclusion is supported by another significant work in the study of marimba origination. In The Marimbas of Guatemala  by Vida Chenoweth, the author comes to the location of origin using three principal concepts. The first is that the word marimba comes from a Bantu origin, the second is the use of the vibrating membrane, and the final reason is the thin strip of wood used around the sides of the instrument (JSTOR).

The three distinctions that lead to the conclusion of an African origin only work because all three occur together, if only one or two were true it would not be concrete. Many xylophones in regions of Africa use the thin strip of wood, both as a resting device and a carrying device. Likewise, many of the instruments in African culture have a vibrating membrane. However, no instrument has the same meaning in Bantu, or has both the physical structures mentioned (Garifas). In either case, it is agreed that the traditional instrument was introduced to Central/ South America around the 16th century by either African slaves or pre-Hispanic African contact (Clave Magazine).  


Guinea, in western Africa, is one of the supposed points of origin for the instrument. In their historical records, it was known as a balaphone, and first came into existence during the 12th century (Cora Connection). This traditional instrument eventually made its way to Latin America in the 16th century, and now has been firmly entrenched in the cultures of countries such as Guatemala (where it is the national instrument) and Costa Rica (Clave Magazine). It’s even possible to pinpoint the approximate time period when the instrument made its first appearance in the New World. A Virginia Gazette dated to 1776 refers to the instruments using one of its several names, the barrafoo, describing it as “sprightly” and “enlightening” (Cora Connection).


The marimba then transformed in modern times with the development of new materials and discovery of new resources. The orchestral marimba, as mentioned earlier, uses metal resonators.  This development occurred in the United States during the early 20th century by J.C Deagan and U.G Leedy (Britannica). 


Though the names have varied over time from balaphone to marimba to barrafoo, the main structure of the instrument has not changed. The main design of wooden keys with a form of resonator underneath has remained the same, as has the striking instrument of a mallet. The change has occurred in the materials used to develop the instrument, and this has caused a change in the music composed (Cora Connection).
Western marimba 


Marimba Bars


The bars of a modern marimba are typically made of Padouk or Rosewood and are arranged in a typical keyboard layout pattern. Marimbas typically come in sizes of four and one third octave or five octave marimbas. The marimba is tuning using the equal-tempered tuning method with A4 tuned to either 440 or 442 hertz, depending on the instrument and manufacturer. The bars themselves can be shaped in a variety of different sizes, from 6 to 24 inches long, 1 to 6 inches wide, and ½ to 1 ½ inches thick; and in relation to each other, the size of bars increases as frequency decreases. Material is removed from the bar during tuning in a transverse arc shape along the underside of the bar, giving a marimba bar its unique shape. The bars are suspended with cord running through holes at two transverse locations on the bars. This cord is supported by the frame with pins between each bar, and the cord remains in tension using a simple spring at each end. The production of sound is achieved when a mallet strikes a wooden bar, sending sound waves to the resonators below which amplify the sound. 
Modes
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Marimba bars have three types of modes: transverse, bending in the long length direction of the bar, latitudinal, bending in the width of the bar, and tortional, twisting motion of the bar
. While all of these are present and visible in the bar, the relative excitation energy of longitudinal and tortional modes are significantly less than transverse modes, and therefore play less part in the production of sound are of less concern to the tuning of the bar. This makes sense because the bars are physically shaped to encourage transverse displacement which causes sinusoidal motion along the length of the bar and the production of sound. Additionally the physical dimensions of the bar is related to the amount of sound energy produced, thus since the length of the bar is significantly larger than the width, the transverse mode produces a greater amount amplitude.

The cords suspending the marimba bar are ideally forced nodes of the bar. As a result, modes develop tied to a specific length between these two forced nodes and each successive mode increases the n umber of oscillations in the bar by one. In practice however, the hole is drilled into the bar at the best compromise location (as close as possible to the natural node location) for several bars, yielding some possible non-ideal damping of modes, specific to the individual bars. In the picture to the left are rough depictions of the first seven modes. The modes of the marimba are roughly analogous to a plucked or hit string: nodes are forced at the ends of the strings and plucking at various locations inside of the two end points activates various modes of the string with specific excitations. One interesting difference however between Marimba modes and plucked string analogy is the possibility of exciting modes in the center of the bar by playing on the edges of the bar. Whereas this would not be possible for a string instrument (because bridges are required to maintain tension and thus pitch in the strings), hitting the bar as close to the edge as possible (outside of the suspension cord induced node) produces excitation in all modes in the bar. 
The sizes of the bars scale with frequency, where larger bars correspond to a lower frequency. The transverse direction increase is largely to maintain proper frequency ratios: in a mass spring analogy, to maintain the appropriate spring constant versus the appropriate mass. The increase in width of the bars creates a sound with a larger sound energy, largely to account for the decreased sensitivity of the human ear to lower frequency ranges. 
Frequencies

The first transverse mode of a marimba bar represents the fundamental frequency or perceived pitch of the bar; the second and third transverse modes represent the fourth and tenth harmonic respectively (i.e. if the fundamental frequency was 100 Hz, the second mode would resonate at 400 Hz and the third mode would resonate at 1000 Hz). Other frequencies and frequency ratios for higher transverse modes as well as latitudinal and tortional modes exist but are irregular, decreasing frequency ratios for most modes and mode types as fundamental frequency increases. Indeed frequency ratios for the first three transverse modes on upper registers on a marimba (C4 to C7) decrease as frequency increases as well
. 
Tuning


The bars of a modern marimba are typically tuned by a method called ‘triple tuning’: a process involving tuning each of the three most prominent transverse modes to the correct frequency ratio. Double tuning (tuning the first two harmonic ratios) is also quite common especially for higher register marimba bars where the frequency ratio of higher harmonics decreases and the decay time for these high frequencies are such that they are inaudible in many cases
. For higher end marimbas, bars may have other modes, in addition to the first three transverse, partially tuned or affected to create the highest possible quality sound. 

Marimba bars are tuned by removing wood material along an arch shape in the center of the bar. First, the first two or three harmonics are tuned to the appropriate frequency ratio with respect to each other, and then the bar itself is tuned to the correct pitch. Removing material along the crown [image: image17.png]


of the arch lowers primarily the fundamental (decreases the frequency), removing material at the edges primarily lowers the third mode or tenth harmonic, and removing material in the sides of the arch primarily lowers the second transverse mode or fourth harmonic. Looking at the modes resonating in the bar, it is clear that physical location of sinusoidal motion for each mode correlates to the location in the arch which affects the modes respectively. 

Additionally, removing material at the ends of the bars by chamfering the lower edges of the bars raises the frequency of the bar. Considering the bar as a mass-spring system, if removing material along the inside is analogous to reducing the spring constant, reducing mass on the edges of the bars would be analogous to lowering the mass in the system. In practice, removing material on the edges only minimally increases the frequency compared to removing material along the center of the bar; thus the standard tuning practice is to reduce the frequency a little bit at a time until the desired frequency and frequency ratios are present for the fundamental and any tuned higher transverse harmonics. 

Natural nodes of the transverse, longitudinal and tortional modes can be visualized by using a method known as the ‘salt-method.’ Sprinkling salt on the bar and then subjecting the bar to the frequencies of various modes will cause the bar to resonate and the salt to accumulate along the nodes of that particular mode. This can be useful in tuning to determine the best compromise location for drilling suspension holes as well as indicating the resonant frequency of various modes. 
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Figure 1: Nodes of the First Transverse Mode
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Figure 2: Nodes of the Second Tortional Mode
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Figure 3: Nodes of the Fourth Transverse Mode
Resonators 


Resonators in the marimba act like open-closed pipes which serve to combine tones with the struck bars and amplify the overall sound. Resonators are located directly under the center of marimba bars and the open end of the pipe approximately two to four inches below the bottom of the bar. The closed end of the pipe typically hangs directly downwards from the bars except in lower octave marimbas where the resonators may actually be curved intentionally due to height constraints. 

Resonators, since they are open-closed pipes produce excitation at odd partials. Thus the second mode is the third harmonic and so forth. This provides more low-end partial amplitude to the overall sound of the marimba when the signal of the resonator adds to the signal of the bars. 

Marimbas without resonators have a much lower amplitude overall and a ‘thinner’ sound because typically only three modes of a marimba bar have audible content. The resonators are sized for each specific marimba bar note as well since the frequencies produced by the bar and the resonators must be precise to add constructively and allow the sound to resonate to its maximum amplitude: where the length is calculated with the frequency to be produced and the speed of sound in the resonator plus the addition an end correction for the open end of the pipe. Because the speed of sound in air varies slightly with temperature and humidity, high end concert marimbas often come with slight adjustments that performers can make to the effective length of the resonators (especially resonators for lower tones). 
Modern resonators are constructed typically of round aluminum or brass piping. Bass marimba bars and resonators are occasionally square in shape. One technique for perfectly constructing the length of the resonators is to fill an open pipe with a non-viscous epoxy and subject the resonator to the desired resonating frequency. Like the ‘salt method’ this organic method of producing the appropriate node of the pipe is very effective and bar/pipe specific. 
Playing the marimba: 

Timbre and Striking:
Striking the bars at different locations create different sounds with various timbre. The ideal location for striking is just off center of the bar, with the resonator located underneath. However, an acceptable technique is to hit the bars on the ends, which creates a strong harmonic. The reasoning behind this is the modes that are being excited by striking the bar in these various locations. Hitting one of the nodes on the bar dampens the note, which is analogous to plucking a string on a guitar at the bridge of the guitar. 
Mallets

Just as the quality of the bar affects timbre, so too does the physical properties of the mallet affect the quality of the sound. Mallets can vary in their shape, size, and material and subsequently, players often choose a mallet based on how much (or how little) "attack" they desire. Usually, the harder the mallet, the more attack it has. Conversely, softer mallets produce a ‘gentler’ sound. 
PBJ Marimba

We constructed and tuned a double tuned small-scale marimba. The bars are tuned to a C-major arpeggio (C4, E4, G4, C5). The bars were tuned using a make-shift tuning studio consisting of a bandsaw, belt sander, files and sandpaper as well as audacity and a good microphone. Recordings were made of the bar and its three  transverse modes while the bar was resting on two small blocks of foam (at the approximate node locations). A frequency analysis of the bar was taken, slight adjustments made to the frequencies or frequency ratios of the bar, and another analysis was taken. Each time, approximately 50 Hz was removed, slowly but surely producing bars which were in tune to within an error of 10 Hz for the fundamental. In addition, slightly damping the very center of the bar with a finger allowed a better frequency analysis resolution on the second transverse mode (fourth harmonic). 
This marimba uses water-adjusted resonators. Closed end of resonator attached to water source and increase in pressure forces water in the resonator. The effective length of each resonator can be adjusted via four bottles filled with water, each of which are attached to a different resonator.

We studied the effect of varying water level on the quality of the sound. Since resonators amplify sounds only at certain frequencies, changing effective length alters the natural frequencies of the bars that are damped or amplified 

The following materials were used:

· Bars: Cedar and White Pine wood

· Resonators: PVC piping

· Frame: Wood
[image: image5.jpg]SNa€ 2
! -

R .
B 201.49%





Figure 4: The PB&J Marimba

Construction and Tuning

The frame of our marimba was made by cutting 2x4's, making two legs used as a base to play the marimba from an elevated point. We then designed a shape that served a dual purpose: to rest the bars on for playing, as well as creating a holding device for the resonators to suspend. The final step of the frame was the extension that allows for the water bottles to be raised, allowing for liquid to be added and removed from the resonators. 

The resonators were made by cutting lengths of PVC pipe. These lengths are calculated in the table below. Holes were then drilled into the end caps so that tubing could be run inside the resonators, with the other end going into water bottles (with similar holes drilled into those caps as well).
	Note
	Frequency
	Length
	End Correction
	Total Length

	C4
	261.63
	12.79 in
	1.22
	11.57 in

	E4
	329.63
	10.15
	1.22
	8.93

	G4
	392
	8.53
	1.22
	7.31

	C5
	523.25
	6.39
	1.22
	5.17


Figure 5: Resonator Lengths

The marimba bars themselves were made by cutting pieces of wood and shaving off appropriate amounts. These bars were double-tuned (triple-tuned in some cases) within an error of around 10 Hz. The dimensions of these bars are listed below.
	Note
	Length
	Width

	C4
	14.25
	2

	E4
	13.5
	2

	G4
	12.75
	1.875

	C5
	11.88
	1.875


Figure 6: Bar Sizes
Conclusions
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Figure 7: Frequency Analysis of PB&J Marimba at Resonance
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Figure 8: PB&J Marimba with resonator filled with water slightly above resonance
Experimentation with the PB+J marimba yielded the following conclusions:

First, the amplitude of the fundamental and harmonic frequencies is at its maximum when the resonant frequency of the resonator (determined by its length) matches the frequency produced by the struck bar. This can be observed on the PB+ J marimba by striking any one of the four bars and adjusting the water level in the corresponding resonator via the water bottle vacuums. On the PB + J marimba, the quality of the resonance depends on the water level. When the resonator frequency does not match the frequency of the struck bar, the sound is noticeably "deader" than when these do match. However, as the water level fluctuates there is a moment where the sound is perceivably "fuller." At this moment, the resonator length matches the frequency of the struck note.

Second, it is possible to change the most prominently observed frequency by altering the length of the resonator. This allows hearing tonalities of the marimba that are not normally audible. A possible explanation for this observation is that the resonator is amplifying tones normally not audible. However, it is more likely that the sound produced is the frequency of the resonator at whatever effective length due to the water level which is combining with the fundamental of the bar to produce two very close peaks. Since these peaks do not have the exact frequency and phase they do not add constructively to produce the larger resonating sound that is typical of the sound of a marimba. 

Appendix A: Frequency Analysis Charts 
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Figure 9: Tuning Frequency Analysis of C4
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Figure 10: Tuning Frequency Analysis of E4
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Figure 11: Tuning Frequency Analysis of G4
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Figure 12: Tuning Frequency Analysis of C5

Appendix B: Pictures 
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Figure 13: PB&J Marimba Bars and Water Resonators
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Figure 14: PB&J Marimba Resonators and Pipe Connections
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Figure 15: Shaving the Bar for Tuning
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Figure 16: Frequency Analysis Using Audacity
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Figure 17: Muscles
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