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	Resonance Response Comparisons
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    (Illustration by Bill Merchant.)


  Column 1 shows how most string instruments respond without optimizing setups.


  Column 2 shows the increase in the volume of sound with optimizing setups. You will notice there is a gap in between the top of the “Good” black rectangle and the bottom of the “Optimum” black rectangle. This is because of the immediate and noticeable improvement in volume of sound.


  Column 3 shows those rare instruments, which are vibrating too much at a maximum degree, with a resultant “halo” of sound surrounding the basic note. When I wrote Coda, I mentioned a bell curve as a visualization tool to see the difference in response between most instruments and those that have had an optimizing setup. I have come to realize that the graph on this page is a better and more accurate way to do this. This graph is an idealized picture of what actually happens to an instrument when a fixed energy input is applied, because every one will have a different amount of response.


  I am presenting this graph as chapter 1, because in chapter 2 I will be discussing Traeger’s Principle. While reading it, you can refer back to this graph to help you understand what I am saying.
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	Traeger’s Principle









  A sound is heard when something starts to vibrate. In our case, this is a string. However, if the string was strung between two concrete blocks instead of on a musical instrument, you would hardly hear any tone at all. It is the job of the instrument to resonate this tone. (The dictionary definition of resonate is: “the intensification and enriching of a musical tone.”) The better it does this job, the louder and better that tone will be. Before you can improve something, you have to know how it works in the first place.


  Before I state my principle, I would like to give you a brief history of how it came into being. I had just discovered that the Teflon pads placed under the bridge feet were not helping a bass to sound better because they were helping the bridge; in fact, it was because they were actually helping the top to vibrate more freely, giving the bass a better sound. I was thrilled. Over the next several days, I began to think of other discoveries I have made that had improved the sound of the bass: That a wooden endpin could improve things. How spacing the strings closer together at the nut could help; this was at one end of the bass and then the other. Next, how rounding the edges of the sound post could help more. But it wasn’t until the Teflon discovery that things began to come together for me.


  Slowly I began to realize that all these were merely parts of a larger whole. What had formerly been a mosaic of separate, apparently disparate discoveries began to turn into pieces of a jigsaw puzzle that, when properly assembled, formed one large and total picture of what was going on with a bass when it is being played.


  To understand this, we must first divide the bass into its important component parts. These are the neck/fingerboard, the endpin, the back and ribs, and the top. The first two have primary functions that are practical. The neck/fingerboard allows for the playing of notes of different pitch. The endpin adjusts the height of the bass to a comfortable playing position. But both have a secondary function in the production of sound. The back and ribs’ primary function is to support the top, but they, too, have a secondary function in the production of sound. The top has only one function, which is to produce the sound.


  But when we look at the top, we must not look at it as one large piece of wood that goes through different motions. We must look at it on a molecular level. We must investigate the motions of the molecules under the bridge feet as they move in three planes. Only then can we really understand what is happening with a bass when it is being played.


  It was then that I began, over many years, to formulate, then hone and polish my principle, until it is as you see it as follows. I am very grateful that I have been allowed the time to do this, because I hope that this will be the guide for the all “modern-school” luchiers of the future.


  When John Cerullo asked whether Traeger’s Principle could cover other instruments beside the bass, I immediately realized it could. So, I changed and expanded the principle to cover all string instruments with an adjustable bridge and a movable tailpiece, or one that could be made so.

  

  Traeger’s Principle

  


  When a string instrument is being played, everything (every single part) is vibrating from one end to the other.


  FIRST COROLLARY: For Optimum Sound to occur, every part of the instrument must be vibrating at optimum level and in sync (in phase) with its neighbors, so that it reinforces the vibrations of its neighbors rather than conflicting with them. A mode match, if achievable, is the ultimate optimizing adjustment, because it synchronizes the vibrations of two major elements of the instrument, both of which, hopefully, are already vibrating at optimum level.


  SECOND COROLLARY: Maximum vibration is not necessarily optimum vibration.*


  THIRD COROLLARY: Anything done to any part of the instrument that makes it easier for that part to vibrate more freely will have a positive effect on the sound and playability. The converse is true. Anything that mutes or inhibits or absorbs and/or dissipates these vibrations is deleterious to the sound.†


  FOURTH COROLLARY: Mass and rigidity are the two main enemies of sound. Decreasing mass and increasing flexibility will defeat these two enemies every time.


  This principle is equally applicable to all the members of the string family, and any instrument with a movable bridge and a movable (as opposed to rigid) tailpiece, or one that can be made to be movable.


  When I wrote that my principle was equally applicable to all the members of the violin family, I eventually discovered I was unnecessarily restricting the principle’s reach. Gary Rickman had read my books and remembered what I had written. A customer of his brought in a state-of-the-art Lloyd Loar mandolin with an ebony bridge. Gary took one look at it and said he could make the instrument sound better. He remembered that I had said that ebony was too stiff a wood to vibrate properly, so he replaced the ebony bridge with a maple one. Immediately the sound opened up.


  He then took a look at the fixed metal tailpiece and remembered that I had said tailpieces should be free to vibrate. He replaced the fixed metal tailpiece with a violin tailpiece and the mandolin roared. The customer remarked that he could now play things on it that he never could before.


  The moral to this story is that Traeger’s Principle can be applied to any instrument with a movable bridge and a movable tailpiece or one that can be converted to be movable!


  What you have just read tells you the “why.” The rest of this book is dedicated to telling the “how.”

  
  Footnotes

  
  

  *There is one instance where this corollary does not apply. This is the rare instrument where the instrument is so poorly made that it takes a major amount of vibration to get any sound what so ever out of it. In this case, maximum vibration is also its optimum vibration.


  †There are a very few instruments to which this corollary does not apply. These are the instruments which are vibrating in area 3 in the graph. They are already vibrating beyond Optimum level and are vibrating so much that they produce a “halo” of unwanted and annoying overtones that surround the main note. In this case, the only thing that can be done is to somehow mute these vibrations slightly to bring the bass back to area 2, Optimum.
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	Setup No. 1— Endpins







     


   
  When a string instrument is being played, everything (every single part), is vibrating, from one end to the other.





   This is one of the very best things you can do for a bass. It may even work for cellos although the longer length of the cello endpin already makes it easier to bend and vibrate.



  I am writing about endpins first, because in the early 1970s I got the first hint that changing something in the setup could affect the sound of the bass positively. I had bought a bass that was in unplayable condition, intending to restore it and sell it for a profit. I put the bass back together and bought an endpin assembly that had a ⅝-inch (16 mm) ebony rod for its pin. At that time I thought, erroneously as it turned out, that the better the endpin contacted the floor, the better the bass would sound. So, I bought a piece of solid aluminum rod, fashioned a point on one end, and substituted it for the ebony rod. I thought my bass was now complete, and so I started to play it. The sound was dry and the bass was hard to play. I was dismayed.


  I had recently made the acquaintance of Carleen Hutchins, the famed violin acoustics researcher. I decided to take the bass over to her house in New Jersey to see whether she could figure out what was wrong with it. I took it into her living room, took off the gig bag, and had started to play a few notes when she looked at the sharp point of my metal endpin rod and said, “You’re not going to play that thing on my floor, are you?”


  Fortunately, I had the original ebony rod with me, so I took out the metal one and replaced it with the ebony one. By this time Carleen had gone into another room. I had only played a few notes when she returned and said, “What did you do to the bass?” We could both hear a distinct improvement in its sound. And I could feel a difference in the playability—it was much easier. I surmised it was the difference in endpin rod materials. I have never used a metal endpin since, and that was the beginning of my long, fascinating, and still ongoing journey of discovery.


  At that time I realized that the difference in endpin rod materials had something to do with vibrations. I thought it was easier for the wooden rod to vibrate because it was less stiff than metal. But I didn’t realize then how or why this had such a positive effect on the sound of the bass.
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    1854 John Lott cello Momagnana model. (Instrument courtesy of Amy Chang.)


  Less than two years later the company making those endpins changed from an ebony rod to a hollow steel rod. At the same time I discovered that a #2B drumstick fitted quite well into that particular endpin socket. But I didn’t know that drumsticks were made of various different woods—for example, maple, hickory, and oak. So, I used whatever I could buy without realizing that each wood would produce a different type of sound in the bass. I continued this practice for some thirty years.


  About ten years ago Bill Merchant brought me a carbon fiber rod that fitted that same endpin socket. It gave the bass a completely different quality of sound than the drumsticks I was using. This made me think that other types of wood might produce different types of sound, and I bought half a dozen ⅝-inch (16 mm) rods of different woods. I had mahogany, cherry, black walnut, and ash. I also had drumsticks of maple, hickory, and oak as well as the carbon fiber rod. It was a pretty good collection to experiment with.


  The harder woods produce a brighter sound, while the less dense woods, such as mahogany, produce a warmer sound. There was also a difference in the amount of sound. I found that maple generally produced the least volume. And then one day I discovered one particular bass in which maple produced the most sound. I was amazed.


  It was then that I realized that something called impedance matching had a great deal to do with the volume that a certain wooden pin produced. Let me give you an example of impedance matching. In a hand-carved bass, spruce is the best wood for a sound post. But in a plywood bass, maple often produces a better sound. The reason is that plywood is stiffer than spruce, so a sound post of maple, also stiffer than spruce, will produces a better sound in those basses. The two stiffer woods, plywood and maple, get along with each other better. That is what I call impedance matching. It is also true that mass of the different woods changes the mode match.


  The maple in the rod mentioned earlier was a much better impedance match than any other wood for that particular bass. That is why it sounded better than the other wooden rods.


  When I realized the importance of impedance matching on the sound of the bass, I thought I had learned all there was about wooden endpins. How wrong I was! Just recently I have learned two new things in connection with wooden endpins.


  It is very important that the endpin socket fit tightly into the hole in the endpin block. Any looseness there will soak up vibrations rather than pass them along properly. Once the socket is properly fitted, the endpin, the socket, and the endpin block become one solid, complex integral part of the bass. It is at this point that the mass of the endpin becomes important, because the endpin block is vibrating also! This was the first new discovery. The greater mass of the metal endpin, as opposed to the lesser mass of the wooden endpin, impedes the proper vibrations of the endpin block-endpin assembly, preventing it from
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