

   
  TONE PRODUCTION


  The violin strings can be set into motion by pulling the bow across them, by bouncing the bow (saltato, spiccato bowings), by plucking them (pizzicato), or by striking them with the bow stick (col legno). Bowing across the string is the normal manner of tone production, but the process is actually extremely complicated and in its most minute details not yet entirely understood. Each bow hair has small, scalelike barbs, visible only under a microscope, to which the rosin adheres. If, after much playing, the hairs have lost these barbed hooks, the bow has to be rehaired. The sticky quality of the rosin and the bow’s pressure exert a lateral pull, displacing the string from its resting position. The string’s elasticity will then cause it to return to the resting position and to move beyond it, in the opposite direction. Pulling the bow continuously will cause the string to go on vibrating regularly. It has been claimed that the bow hair’s barbs cause the string to move, but this is not true; without the use of rosin the bow will produce no tone in either direction. Nevertheless some bow makers mount half of the bow’s hair in the opposite direction, wrongly assuming that this would result in the same contact with the string on up and down bows.


  The string’s basic pitch depends on its length, thickness, material (density, elasticity), and tension. These factors determine the frequency, that is, the number of vibrations (cycles) per second. In relation to the violin, the G string would have to be too long or too thick, but the remedy of winding it with metal was soon discovered. Most new strings have a perlon core with aluminum or silver winding.


  Strictly speaking, four separate, partial motions are involved in a string’s vibration. The principal motion involves the entire string, producing the fundamental pitch. At the same time, partial vibrations of the string’s half, third, quarter, and other portions occur. All these vibrations are combined (see diagram), and all are transverse vibrations, that is, at a right angle to the string, for the motion that sets off the vibration (whether bow hair, plucking finger, or bow stick) is normally in that direction, displacing the string ca. 1 mm in both directions from its resting position. In addition, longitudinal vibrations coordinate with the transverse vibrations, which produce a periodic shortening of the string. The entire process is even more complex because the string turns axially at the same time, in a regular manner, returning periodically to its initial position. Finally, because of the bow stick’s elasticity, bow pressure varies, which also affects the string’s longitudinal vibrations. The bow in turn is also put into motion by the vibrating string.
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    Vibrations: fundamental, three partials, and their sum


  Pure longitudinal vibrations would result in squeaky sounds. Jahn points out that these sounds can be produced by rubbing a string lengthwise, with fingers to which rosin has been applied. Such longitudinal vibrations interfere with the basic transverse vibrations, resulting in nodes that cause undesirable overtones (partials) affecting tone quality.


  Most important for the vibration of the violin’s body is the string displacement’s effect on the bridge, tailpiece, and neck. The motions of these are transmitted to the back through the upper and lower blocks. Rödig’s experiments have shown that the back vibrates more strongly than the top; the top’s vibration is slightly impaired by the bridge, which divides it into two vibrating fields. Contrary to popular belief, Rödig claims that the string’s vibrations are not transmitted from the top to the bottom, but in the opposite direction; he stresses the important involvement of the neck in this process. Drögemeyer had stated this earlier, for which reason he attributed importance to the selection of wood for the neck and to its construction.


  Roussel, on the other hand, speaks of the bridge’s importance for modifying the string’s vibration, the bridge transmitting it to the top in the form of impulses. Apparently both processes take place simultaneously. He also believes that the back’s amplitude of vibration is smaller than the top’s. The bridge’s feet have different positions: the left foot stands on a freely vibrating portion of the top while the right foot is blocked by the soundpost, resulting in an extremely complicated kind of vibration. Roussel concludes, “When the foot over the bass bar exerts downward pressure on the top, it causes the back to rise, but when the foot above the soundpost presses on the top, the back is also pressed downward.”


  Schulze has described precisely how the vibration is started. When the bow’s motion begins, the part of the string that is closest to the point of contact vibrates first. For the E, A, and D strings, this portion is ca. 8.5 mm long, producing the pitches G-sharp7, C-sharp7, and F-sharp6. Due to its thickness, the G string’s tone is G5. As other parts of the string are set in motion, lower partials are heard. The fundamental pitch appears last.


  Tone volume depends chiefly on the speed of bowing and bow pressure, which affect the amplitude of the vibration. Timbre is determined by many factors, but chiefly by the bow’s point of contact with the string. A normal violin tone results from bowing at a distance of ca. 20 mm from the bridge; according to Apian-Bennewitz this is at exactly ten-elevenths of the vibrating string length. Closer to the bridge, the string is harder, offering more resistance to the bow, calling for slower bowing—the secret of the “endless” bow of many great violinists. Near the bridge the tone grows louder but also harsher because certain higher overtones are more prominent. If, while bowing at the normal contact point, one gradually moves toward the bridge, one reaches, after a few millimeters, the optimal place for a large tone. If one moves closer than that, some higher partials become prominent, causing the sound to become unpleasantly harsh and scratchy. Composers of program music especially occasionally want this effect, indicating it in the music by the words “sul ponticello” (at the bridge). Placing the bow closer to the fingerboard, closer to the largest amplitude of the string, the bow meets with less resistance; the tone is more gentle but also weaker. Composers who desire this effect indicate it with the words “sulla tastiera” (over the fingerboard). Choosing the bow’s point of contact with the string is essential for regulating dynamics and timbre. When playing in the very high positions, the vibrating string is very short, which means that the place of contact must be adjusted accordingly. Gut strings especially are sensitive to pressure, so that one must play fairly close to the bridge—otherwise the tone might break because the bow “squashes” it.


  The optimal ability of a string to vibrate is determined by its tension in relation to the resistance offered to this tension by the instrument. Opinions vary concerning this optimal tension; it seems to be related to the violin’s tuning (higher or lower pitch), the type of string, height of the bridge, and some other factors. Mockel gives the following figures:


  

  G string: 6.255 kg


  D string: 6.327 kg


  A string: 6.875 kg


  E string: 8.965 kg


  Total tension: 28.422 kg


  


  If the bridge is higher than normal, the angle at which the strings rest on it is different and pressure on the bridge is greater.


  Leipp (La sonorité) recommends a simple way to determine the appropriate calibre and density of a string for a particular instrument: tune the string up to pitch, let it adapt itself to that pitch for a few hours, then play on it. If the sound isn’t right, tune the string slightly higher or lower. If it sounds better at the lower pitch, the violin requires a thinner string; if it speaks well at the higher pitch, it shows the need for a heavier string. In Frankfurt, Paganini bought strings from Pirazzi of Offenbach. To test one he stretched it with both hands at eye level and plucked it with one finger, closely observing the vibration curve. He was satisfied only if the curve looked completely even. Otherwise he would throw the string on the ground and step on it, saying, “If I can’t use it, certainly no one else could.” Boerner, a concertmaster in Karlsruhe, devised an ingenious method to test a string for uniform thickness. With a ruler he determined the exact middle of the vibrating string and marked the place with a pencil. He then used a pointed object to depress the string at that place, and plucked both parts. Only if they gave off exactly the same pitch was the string serviceable. Often the lower half produces a higher pitch, for it may have become thinner with heavy use.


  It is important that the string’s pressure and pull are in balance. Since pressure is chiefly affected by the angle the string forms with the bridge, changing the bridge’s height can equalize the two opposing forces.


  The string’s vibration is first transferred to the surrounding air, which produces a very faint tone. This can be heard when a string is stretched in the air. Vibrations are also transmitted to the bridge, which passes them on, transformed, as impulses. This can be accomplished best if the bridge is made from wood of optimal quality and strength. But it must also stand up under the string’s pressure, so that its shape represents a compromise. The bridge’s modern shape goes back to Stradivari but is more closely related to that of Josephus Guarnerius del Gesù (see illustration).
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    Bridges by Stradivari and del Gesù


  The carved-out portions, the bridge’s “heart” and “ear,” are primarily ornamental, but they increase elasticity by reducing the amount of wood in the bridge without reducing its stability. Close examination will show that the amount of wood is nearly the same at any point in a vertical section. For a violin of average size and wood quality, the ideal dimensions of a bridge are as follows: 35 mm high; 40 mm wide; width of foot, 9–11 mm; width of bridge at the foot, 4 mm; and at the rounded top, 1.5 mm, the tapering from foot to top being gradual. Minor deviations from these norms, including the shape, will affect the violin’s timbre but may be necessary for several reasons. A highly arched violin requires a lower bridge, and a violin with a weak top will be helped by a stronger bridge. If the bridge is excessively tapered toward the top a piercing tone results while a relatively thick top portion yields a more gentle tone. A bridge that is too elastic affects high tones adversely; if it is too rigid, low tones are affected. The exact position of the heart-shaped, middle excision also influences the tone. Last but not least, the type of wood used for the top must be considered: hard wood requires a soft-wood bridge and vice versa, according to Riechers. The bridge’s feet must conform exactly and snugly to the top’s curvature and must be very thin, for only in that way will vibrations be best transmitted.


  Placing a mute on the bridge reduces tone volume, resulting in a nasal timbre. Eighteenth-century mutes were made from lead; Vivaldi uses the indication “con piombo” in some scores. Later they were made of wood; now plastic or rubber may be used. Mutes have three double prongs, a few have two, four, or five. These are placed between the strings and must fit tightly. Since a mute, being small, can easily be misplaced or forgotten at home, and since it takes time to put it on, mutes have been designed to be kept behind the bridge, so that they can be moved forward quickly against the bridge, or put on the bridge. Some users believe that one pays for the convenience of these mutes by sacrificing tone quality. The degree of muting depends not only on the material but also on the mute’s weight. The top part of a very heavy mute, sometimes called “tone wolf,” used for practicing, is filled with lead.


  Experiments with a freely vibrating top have shown that vibration nodes exist in certain places. Depending on the pitch, some places will vibrate more strongly than others, which means that a succession of notes played would not be uniform in volume and timbre. The bass bar equalizes these various vibration centers. To offset the low notes on the G string it is fastened on the top’s left inside. Its function is aided by positioning it not exactly parallel to the wood’s grain but facing slightly to the upper right. This ensures the top’s uniform vibrations.


  These vibrations are transmitted to the back through the ribs and blocks, the air inside the violin, and probably also through the soundpost. Rödig, however, does not share this opinion, because in a violin without a soundpost the back vibrates surprisingly strongly, often more than the top. To carry out its dual function—supporting the top subjected to string pressure, and transmitting vibrations—the soundpost must be both strong and elastic. The best ones are made of light firwood and have a diameter of 5.5–6 mm, including ten to twelve annual rings. The soundpost, too, must be fitted exactly to the curvature of top and back. Its approximate location is slightly below the bridge’s right foot, at the distance of the top’s thickness. The ideal placement varies with each violin, depending on the wood and on the bridge. The precise placement of the soundpost strongly affects volume and especially timbre, and since a fraction of a millimeter can make a difference, finding the right spot requires the skill and patience of an experienced luthier. Some violinists carry out their own experiments; Ole Bull, forever dissatisfied with the tone of his Strad, is said to have developed a morbid compulsion to do so.


  As it is so close to the bridge’s right foot, the soundpost strongly impedes the bridge’s vibrations. This is easily demonstrated. If, while the violin is being played, the right foot is immobilized with a pair of pliers, the tone is barely affected; if the same is done to the left foot, volume and timbre are altered a great deal. Thus it is primarily the bridge’s left foot that causes the top to vibrate, which is why the bass bar must lie under the left foot.


  The violin’s body, vibrating in its entirety, transmits its vibrations to the air, both inside and outside of the instrument. The outside transmissions are most important by far for volume and timbre, but the air vibrating inside the violin, emerging through the f holes, increases volume. The placement of the f holes is of great importance. The shape of the f holes affects the combination of inside and outside air only slightly but has a far greater effect on the top’s vibration and hence on tone quality; if they are very elongated, the top’s middle portion becomes overly elastic in relation to the upper and lower portions, which disturbs the uniformity of sound. Placing the holes too closely together will have the same effect. The top’s center will vibrate well if the top eyes of the f holes are up to 43 mm apart, assuming the wood is strong enough to absorb the string pressure. Placing the holes at a slant compensates ideally for the reduction of wood. The notches are roughly in the middle between the end points of the holes. The bridge should stand on the line connecting the two inside notches and is thus symmetrically placed.


  How the player holds the instrument will also affect its sound. In early times, players merely rested it against the chest or clavicle, which allowed the top to vibrate freely. Later, playing in the higher positions, and especially the need to shift down, caused violinists to hold the instrument firmly under the chin. This reduced vibration, especially because players used chin rests or small cushions to facilitate holding the instrument, thus partially blocking the back’s free vibration.


  Varnish has little positive influence on the violin’s sound. It serves primarily to preserve the wood, protecting it from perspiration, dust, dirt, and humidity. Testing violins before and after they have been varnished has shown that varnish has a slightly dampening effect on the sound. The instrument responds more quickly and easily as a result, but it also loses some of the high overtones that add brilliance, which results in a more gentle, milder tone. None of these differences, however, are pronounced.


  If the varnish is too hard, the effect will be negative, for the wood will also harden and lose some of its ability to vibrate. In that sense, varnish does affect the sound materially, but it is impossible to improve the poor sound of an unfinished violin by applying good varnish. The “white,” unvarnished instrument already has the best tone quality its maker could impart to it.


  Varnish has another characteristic: it will slightly raise the violin’s basic (fundamental) pitches—something that needs to be considered in the early stages of construction. If the body at that point is designed with overly high fundamental pitches, varnishing may cause it to have an inferior sound. Problems of this kind caused Franz Ludwig Schubert to call varnish a necessary evil, while Drögemeyer concluded that varnish undoubtedly had “an adverse effect on tone quality.”


  Does a new violin have to be “broken in”—does it have to be played for a certain length of time before it produces its best sound? In 1816, Spohr tried out four Strads from the collection of Count Cozio di Salabue, instruments that looked as though they had just been finished. He described their tone thus: “It is full and strong, but raw and wooden; they must be played for ten years before they reach perfection.” Another opinion was expressed in the essay Verbessert das Alter und vieles Spielen wirklich den Ton und die Ansprache der Geige? Eine ketzerische Studie von Dr. Max Grossmann (Does age and intensive playing really improve the tone and response of a violin? A heretical study by Dr. Max Grossmann, Berlin 1904). The author, in eighty-two pages, attempts to prove the opposite point of view. Actually, the problem is far more complicated than is generally assumed, for in all questions relating to timbre, observations tend to be highly subjective, and scientific processes are difficult to control.


  In his book on the Guarneri family, Alfred Ebsworth Hill dealt in depth with the “breaking in” question and gave the following recommendations:


  

  Stainer: 10–15 years


  Amati (medium model): 20–25 years


  Amati (large model): 30–35 years


  Strad (Amati type): 30–35 years


  Strad (long model, unlike Amati): 40–50 years


  Strad (from 1726 to 1736): 40 years


  Strad (standard model): 50–60 years


  Strad (from 1737 to 1743, large model): 60–80 years


  Carlo Bergonzi (medium model): 40–60 years


  Carlo Bergonzi (large model): 60–80 years


 


  Hill considers these the required periods not so much for breaking in a violin but for “the tone of these instruments, made by the most famous luthiers, to mature.” He further states that age alone is not the decisive factor—to sound its best a violin must be played, which eventually brings about a oneness of player and instrument.


  Apian-Bennewitz observed three stages of breaking in a violin: at first its sound improves, then it becomes rougher, and after about three months it again improves. According to Sibire, a violin should sound brittle at first; if it sounds good immediately, the tone is likely to deteriorate later.


  It is to be expected that after a major repair, a violin needs to be broken in again. Joachim’s Strad was consigned to Bausch’s shop in Leipzig for repairs. When he got it back he apologized to Brahms (letter of 15 May 1860) for not having the time to visit Hamburg: “My violin and my fingers are very much in need of being thoroughly broken in for the music festival.” Kreisler even believed that a string instrument that had not been played for a long time would lose its tone. He concedes that a violin, like an athlete, now and then needs a period of rest, but that for a violin that period should not exceed a year, lest the beauty of its timbre be lost.

  



  VIOLIN MAKING


  THE WOOD


  As suitable wood is the most important requirement for a violin to vibrate well, obtaining wood that will sound good is always the luthier’s greatest concern. From examining their instruments we know that many Italian masters in their youth used inexpensive, local wood; only after having established themselves comfortably could they afford to buy wood of better quality from abroad. Legend has it that Nicolò Amati and Jacob Stainer would walk through the woods during thunderstorms, on the lookout for trees hit by lightning. As a tree crashed to the ground, the sound it made told them whether it was suitable for violin making. Others, Vuillaume among them, traveled far and wide to find good wood. Indeed, very little wood is suitable, and logging is threatening to diminish the small remaining supply. With this in mind, Walter Scheidt published a memorandum in 1947 about protecting Alpine lumber suitable for instrument making.


  It is often thought that the wood’s age is partly responsible for the quality of old master instruments. Luthiers everywhere looked for wood that was as old and dry as possible, buying furniture, paneling, and other objects, and showing up wherever an old building was being torn down. Some instruments by the luthier Alois Palfner were made from wood that came from the Graz town gates. James Andersen of Scotland declared that his “Paisley Abbey” violin was made from seven-hundred-year-old wood from Paisley Abbey, and that it was equal to the best Cremona violins. James William Briggs of Glasgow used three-hundred-year-old wood from a church in Warsaw that was scheduled to be razed. At times luthiers in the New World pointed with pride to instruments made from local wood. One violin in the Stearns collection at the University of Michigan was “made by N. W. House in Ann Arbor, out of wood that came from a table that had been built by the first settlers in that city.” How to use this kind of wood became the subject of detailed studies, including a publication by Raffaele Cormio, L’impiego di legni tratti dalle demolizioni di vecchi edifici nella costruzione dei violini (Use of wood salvaged from razed old buildings in the construction of violins). Forgers in particular are eager to use old wood, for one of the chief giveaways of fake “old master” violins is wood that is too new.


  Others believe that the importance of the wood’s age as a factor determining sound quality can be overestimated, Riechers among them. Calling five years of drying entirely adequate, he weighed various pieces of violin wood after five years and again after ever-longer intervals; he noted that even after twenty years there had been no weight loss, meaning that no further moisture had been lost. Maugin also considered an interval of five to six years (after cutting) to be adequate; Apian-Bennewitz mentioned four to five years for spruce and up to ten years for maple. Other luthiers favor a drying period of up to fifty years.


  Open-air drying of the wood, while protecting it from sun and rain, is generally considered better than any artificial drying process. Climate has some influence; Bagatella judged three years an adequate drying time in Italy. Artificial drying, for instance by steam, shortens the time considerably but brings with it the danger that the useful life of the wood (that is, its capacity to vibrate) will be shortened. To test whether the wood of an instrument has been treated with a drying preparation, Alton recommends touching it with the tip of the tongue. A slightly sour taste indicates that chemicals were used. Vuillaume’s method of “baking” wood to age it will occupy us later. Infrared rays have been used experimentally for drying wood, along with ozone boxes that “age” the wood to a beautiful color but make it brittle, with disastrous results.


  A good procedure, especially in regions with high humidity, is to store the wood in temperature- and humidity-controlled sheds with good air circulation. Apian-Bennewitz considers 12–18 degrees centigrade to be the best storage temperature. Since freshly cut firwood contains as much as 45 percent moisture, the drying process is extremely important. Trees intended for violin making therefore are best logged during the winter months, preferably in January, because the sap content then is lowest. Insufficiently dried wood vibrates poorly, chiefly because it contains too much resin. In England, wood for string instruments is treated similarly to wood intended for top quality construction work: the logs are stored under water for up to two years before the air-drying process begins. This is said to extend the wood’s life span.


  Experience over hundreds of years has led to red fir, hazel fir, silver fir, and white fir being preferred for the top, soundpost, and bass bar. (In the United States, the most commonly used woods are Engelmann spruce and Sitka spruce.) Various kinds of maple are preferred for the back, neck, ribs, and bridge. For the fingerboard, tailpiece, and several small parts, other woods, such as ebony, are used. Balfoort lists fifty to sixty different degrees of quality for spruce, maple, and ebony; Sibire lists twenty-two for spruce alone. This is credible considering that there are a hundred thousand species of trees, whose wood may be divided into more than thirteen hundred kinds.


  For the violin top, spruce is used more often than fir. According to Apian-Bennewitz, this is due to the scarcity of good fir, though luthiers prefer fir because of its full, large tone. Heavy wood brings out the fundamentals and low partials; light wood, the upper partials. As early as the fourteenth century, fir was not considered suitable for the back of string instruments. Konrad von Megenberg recommended it for the top, saying that it produced a sweet tone. Wood from nut trees is seldom used for the back, but there are good violins with backs made from oak or beechwood. Experimentation continued during the sixteenth century to determine the most suitable types of wood. At that time backs were also made from poplar, linden, and pear wood, as Gasparo da Salò continued to use at times. Several reasons led to the preference for maple: it ideally combines hardness, elasticity, and light weight, to say nothing of its beauty.
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    Cell structure of conifers


  To use the same type of wood for top and back normally results in poor sound. Apparently the entire instrument’s ability to vibrate is greatly affected by the different basic pitches of different kinds of wood. Violins in which spruce was used for top and back turned out to have a sound that is robust but not beautiful, while using maple for both resulted in weak sound. The importance of choosing the right wood is also proved by the velocity of sound produced: the sound of heavy woods such as beech and oak travels at only 3400–4400 m per second, while that of fir travels more than 5000 m. Savart’s experiments showed that firwood has approximately the same elasticity as steel and glass. According to Riechers, the wood of American balsam spruce is hardly suitable for instruments because of its high resin content. Attempts to tap the resin before felling the tree were not successful.


  The nature and condition of the wood’s fiber also affect its ability to vibrate. Distances between the annual rings should be nearly equal, preferably not more nor less than 1 mm. Climate evidently has an influence, as a dry climate will cause slow growth resulting in dense rings and fibers. Temperature is another determining factor, as is the soil’s content of minerals and chemicals. The initially good sound of instruments with wide grain may not last, since very porous wood is likely to change. Doubts have been raised about the fibers’ influence on tone quality, for some fine old Italian violins are made from wood with irregular growth patterns. One Strad has a very powerful tone even though its top has a knothole. The Milan museum’s collection includes a violin by Giovanni Godoni, the top of which has three knotholes! Some luthiers prefer wood from a tree’s sun side, believing its structure to be better for instruments.


  The best sprucewood has always come from the North and South Tyrol, Bavaria, Switzerland, the Bohemian forests, and the Carpathian mountains, while the best maple hails from Hungary, Romania, Dalmatia, Bavaria, and also the Tyrol. Best conditions exist at an altitude of 1000—1500 m in valleys that are protected from wind. Old trees are preferred as their wood is most stable. Early Italian luthiers obtained maple from Venice, a city-state with much shipbuilding that had established good sources of supply from Dalmatia, Croatia, and Turkey.


  Within each type of wood, pieces that are of medium hardness and also quite light are preferred. One can determine the special qualities by tapping on the wood, obtaining light or muffled sound. Trees for cutting are selected with this in mind. Furnishing wood for instruments has become a special branch of the lumber industry, relieving the luthier of selecting raw material unless he or she has special requirements. Amazing quantities of wood were formerly needed. Thus from 1 January to 8 April 1896, eighty-one carloads of 10,000 kg each were delivered to Schonbach for instrument making, which amounts to ca. three hundred carloads per year. To supply wood on such an industrial scale does have a disadvantage. Only small quantities of the same wood are available at any one time, so that the violin maker cannot experiment with a specific model, always using the same wood. Many master luthiers of the past laid in large supplies of wood, so that they could work with the same material for the longest possible time. Johannes Cuypers’s supply was not exhausted until thirty-two years after his death!


  PREPARING THE TOP AND BACK


  The rough-cutting of the wood is done by the supplier. As in a pie, wedge-shaped segments, or quarter cuts, are cut out, usually ca. 50 mm longer than required for the finished product and at least 40 mm thick at the edge. These are cut once more (along the dotted line), almost but not quite to the center. In that way, pieces with the same flaming or grain are held together until they arrive in the violin maker’s shop.


  He now separates the pieces completely and gives them a first smoothing or polishing. Wood used for the top, taken from straight-grained spruce must be “book-match” cut, so the grain of the two halves will be mirror images. The joining of the two pieces then follows—a difficult but important operation. Both contact surfaces must be completely smooth, without the slightest humps or gaps. Only then may they be glued together with colorless [neutral] glue of the best quality.
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    Quarter cut


  In preparing the glue, all ingredients must be dissolved completely by boiling. Considered best for violins are Cologne, Breslau, and Russian glues, which names refer to the glue’s types rather than provenance, for they are now made everywhere. “Hide glue” is most commonly used in America. Glues are first softened in cold water, then heated and dissolved in a double boiler. In winter, the pieces to be glued are slightly warmed to prevent the glue’s drying too quickly. Any glue that oozes out must be removed at once lest it penetrate the wood. Failure to do so might damage the varnish later, when repairs are made. In its dry state, glue is very sensitive to the air’s humidity; luthiers in countries with a wet climate use a special glue. Most glues require three to ten hours for drying, depending on the time of year.


  Aside from the quartersawn, there is another way to cut wood intended for the back, namely tangent-sawn or slab-cut. For this the board that includes the core cannot be used, but one gains uniform flaming across the entire back, whether it is made of one or two pieces. Andrea Amati and the Brescia masters preferred this cut, while Nicolò Amati used the quarter cut. It is a matter of aesthetics. Quarter-cut pieces give symmetry, for the axis provides the eye with a point of repose in the wood’s flaming, while a back flamed in its entirety creates a restless impression. According to Möckel, a slab cut reduces the back’s firmness, causing it to have insufficient resistance for its many tasks. Other writers maintain the opposite.


  For the top it is preferable to have the closer grain at the center and the wider grain on the outside. The top’s two pieces are not cut parallel to the grain but in such a way that toward the top they form a slightly acute angle. This provides increased tension for the top and better friction for the glue. If a top is carved from one piece, the wider rings should be on the left and the closer ones on the right, due to the location and pressure of the lower and higher strings. Dealers often praise violins with one-piece tops, and especially backs, hoping to obtain higher prices, but experience has shown that over time such a back stands up less well under pressure.


  It stands to reason that all this working with wood requires not only a great deal of experience but also the greatest care in preparing, treating, and handling it. All these operations are still basically carried out as they were in Amati’s time; only the tools have been improved. In violin making as in other fields, people continually seek better ways of carrying out the same tasks. Those who have read the chapters on tools by Mockel and by the Millants are aware of the amazing wealth of ideas and minor inventions that facilitate the modern luthier’s work.


  THE MODEL


  All violin makers follow a specific model, at times more than one. They occasionally may treat them freely, or change them as time goes on, but they usually adhere to one model for some time. The Strad model is currently the one most often adopted, unless a customer has other wishes. In that case a specially prepared drawing with all needed measurements is transferred to the wood with the help of fairly complicated protractors—a cumbersome, time-consuming procedure. Yet considerations of price demand that a minimum of time be devoted to this. To make a white (unvarnished) violin takes 150—180 hours, and this only if the same model is used for some time, so that templates or molds can be made for all parts. This too at first is time-consuming but in the long run significantly reduces the overall time needed. Mockel (1930) includes drawings for no fewer than twenty-seven templates, from the outline of the entire body to the bridge’s curvature; they make the luthier’s work easier and prevent slipups. For the templates Schulze prefers thin zinc or brass since wood is too sensitive to changes in temperature and humidity.


  Though the use of a mold is important, its significance should not be exaggerated. Even though expertly and flawlessly followed, it only assures the


  MAKING THE TOP AND BACK


  

  
     
  

  

  

  

  

  

  


  

  

  

  

 
   

  

  

  

  

  

	Top
	Back



	1) At the bridge
	1) As for the top, under the bridge



	2) Betw. bridge and lower block
	2) Betw. soundpost and lower block



	3) Betw. bridge and top block
	3) Betw. soundpost and top block



	4) In the upper bouts
	4) In the upper bouts



	5) In the lower bouts
	5) In the lower bouts



	6) Very near the edges
	6) Near the edges



	7) Close to the f holes
	7) Near the middle bouts (waist)







	
	Gasparo da Salò
	
	Nicolò Amati



	
	Top
	Back
	
	Top
	Back



	1)
	2.8–3.0
	4.3
	1)
	2.6
	4.8–5.1



	2)
	2.8
	4.1
	2)
	2.3
	3.7



	3)
	3.0
	3.4
	3)
	2.5
	4.1



	4)
	2.1
	
	4)
	2.2
	1.5



	5)
	2.2
	2.6–2.7
	5)
	2.2—2.4
	1.6–1.8



	6)
	2.6–2.8
	2.5
	6)
	1.8–2.2
	1.8–2.4



	7)
	3.1–3.4
	3.0
	7)
	2.7–2.9
	3.2



	
	F
	F–sharp ¼4
	
	D-sharp
	F







	
	Nicolò Amati (another violin)
	Antonius Stradivarius (long model)



	
	Top
	Back
	
	Top
	Back



	1)
	3.8
	5.8–6.1
	1)
	1.8
	4.2



	2)
	3.0
	3.9
	2)
	2.1
	3.0



	3)
	2.7—2.8
	4.3
	3)
	2.0
	4.0



	4)
	2.3–2.9
	2.3-2.4
	4)
	1.8–1.9
	2.7



	5)
	2.5–2.6
	2.3–3.0
	5)
	1.8–2.2
	2.5



	6)
	2.2–2.3
	1.9–2.4
	6)
	2.5–3.2
	2.6–3.0



	7)
	2.8
	2.8
	7)
	2.6–3.2
	3.3



	
	F-sharp
	E
	F
	[not given]
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	Length
	Height
	Width



	1621 Antonio and Girolamo Amati
	269.88
	6.35
	4.76



	1650 Nicolò Amati
	219.08
	6.35
	4.76



	1716 Antonio Stradivari
	254
	7.94
	4.76



	1789 Gagliano
	273.05
	17.46
	4.29



	An Andrea Amati, measured by Simoutre
	220
	8.00
	4.00



	These figures can be updated as follows:
	
	
	



	Since 1859
	266.7
	11.11
	6.35



	1997
	270–280
	20–29
	5–6
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