FoMRHI Comm.  1963                                                                                       John Downing
Scorched Guitar Soundboards?
On several surviving examples of 'Baroque' guitars the entire lower underside area of the sound board has been deliberately scorched with a hot iron (Note 1). The scorching may be a random 'scribble' quickly made with a small, narrow iron or more uniformly made with a larger flat iron. Fig. 1 is a rough sketch representing an example of the former – the underside of a 5 course guitar by Leonhard Pratter, Prague, 1676 (Note 2). The scorching left by the iron is fairly light – just sufficient to turn the colour of the wood to a bluish tinge.
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Fig 1

Another example of a guitar by Francisco Sanguino (1760-1770) where the underside of the sound board has been more uniformly treated can be found here (Note 3). It is not known at what stage in the assembly of a sound board scorching was applied – before or after bracing.
The early guitar makers must have had good reason to treat their sound board woods in this manner but what was it? There are a number of current theories although it would seem that the 'jury is still out' on this question. Some have suggested that it may have been to artificially 'age' the wood or to sterilise the wood to prevent woodworm damage or to preheat the cavity of the guitar body prior to gluing the back in place (sound board glued in place first, the back last – Spanish style). Perhaps scorching was intended to relieve areas of high stress in a sound board or perhaps the intent was to remove all traces of residual moisture immediately before final assembly?
   A predominant idea is that scorching makes the sound board wood harder or stiffer – perhaps providing additional structural strength in an area where there is no bracing (Note 2). Hardness and stiffness is not the same thing but for wood there would appear to be a general correlation between surface hardness and stiffness (resistance to bending). It is possible that 'stiffness' is meant rather than 'hardness' as the former may be assessed by an experienced luthier (to some extent) by flexing a sound board longitudinally and transversely. 
One criterion used to judge the acoustic 'goodness' of sound board material (as well as wood destined for stressed engineering structures) is the 'stiffness to weight' ratio. That is the sound board wood should be as stiff as possible (both longitudinally and across its width) consistent with being light in weight (low specific gravity) – so the higher the value of the stiffness to weight ratio the better.
A Subjective 'Hands On' Trial









Sound board scorching is currently under test on a vaulted back four course guitar (see Figs 2 and 3) - first built in 1974 – a design based on the dimensions of the Dias guitar in London. This instrument has been completely rebuilt with replacement sound board, bridge, pegbox, fingerboard, rosette etc. The new sound board has been made from 40 year old seasoned quarter sawn Sitka Spruce.
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Fig 2
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Fig 3

Prior to gluing the new sound board into place, the underside surface below the sound hole was uniformly scorched with a hot iron (see Fig 4). Scorching temperature was determined to be between 400°F and 450°F (200°C to 230°C) following tests on some scrap spruce. At these temperatures with the heat quickly applied, the surface of the wood started to darken and discolour with a blue tinge and small spots of resin (or other residues) brought to the surface.
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Fig 4
It was observed that – immediately after scorching - the sound board had become slightly 'crowned' for a distance of about 4 cm. from the edges (i.e. the upper unscorched surface became convex across the width of the sound board – measuring about a millimeter or so deep at the edges). However, after 24 hours or so the sound board surface had become flat again - presumably due to a regain in surface moisture temporarily removed by the heat of scorching?
The guitar has been built with a slight sound board 'scoop' to provide string clearance over the soundhole (i.e. the sides of the guitar are slightly cut away to force the sound board into a concave longitudinal profile when glued in place). The 'scoop' puts the installed sound board under additional stress so perhaps scorching the sound board might beneficially reduce these stresses – hopefully with some acoustic benefit although, of course, there can be no before and after evaluation of 'scorch' versus 'non scorch' of the rebuilt instrument to verify if there have been any consequent changes. However, an initial subjective impression of the rebuilt guitar is that there currently is no significant acoustic performance improvement compared to the instrument as it was prior to modification (with its unscorched sound board). 
Measuring Relative Stiffness – Speed of Sound Resonance Method. 
The stiffness to weight ratio of sound board woods may be more objectively determined by measuring the speed of sound (SOS) parallel to the longitudinal axis of the wood and dividing by the density of the wood. This is the so called acoustic constant or sound radiation coefficient R. For 'tonewoods' R is said to range from 12 (commonly) to 17 (rarely). SOS correlates with a measure of wood stiffness. 
Wood is a non uniform material and its properties vary significantly when measured along each of its three principal axes i.e. in the Longitudinal, Transverse and Radial directions (see Fig 5). For thin sound board materials only the properties along the longitudinal axis (along the sound board length) and transverse axis (cross grain – across the sound board width) are here under considereration.  
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Fig 5
The Modulus (or measure) of Elasticity (MOE orYoung's Modulus) is defined as the distance a material will deflect under a given uni-axial pressure loading without suffering permanent deformation (i.e. it will return 'elastically' to its original dimensional state once the pressure loading is removed). MOE is a measure of stiffness or resistance to deformation of a material subject to uni-axial loading conditions. Wood with a high value of MOE along a principal axis is stiffer than wood with a low value measured along the same axis.
Wood is stiffer parallel to the grain (longitudinal axis) than it is across the grain (transverse axis) where MOE is generally only between 5% and 10% of the longitudinal value.
The MOE of wood may be determined from the deflection of a sample statically loaded or by non destructive acoustic methods that determine speed of sound (SOS) along the principal axes from the relationship: 

Dynamic Modulus of Elasticity = (Speed of Sound) ² x Density
The DMOE is generally a higher value than the statically determined MOE – dependant upon the method used - but both MOE and DMOE are closely correlated.
Moisture content (MC) affects the SOS and hence stiffness – dry wood with low MC being stiffer than the same wood with a high MC.
The methods used industrially to determine SOS in wood essentially involve creating a compressive wave at one end of a timber and measuring the time that it takes for the sound wave to traverse its length. The speed of the sound wave is then the distance travelled by the wave divided by the measured time. 
Alternatively, if the sound wave is allowed to continue to bounce back and forth within a timber – reflected from each end - and the fundamental frequency of the resonance wave (f) is measured at one end in cycles per second, then the speed of the sound wave is equal to twice the length of the timber multiplied by the resonant frequency (or SOS = 2L x f). Commercially available equipment designed for this purpose is expensive, costing several thousand dollars, however, the task may be readily accomplished at low cost using a small hammer (to generate the sound wave), a personal computer, an inexpensive microphone to enable recording of the audio signal and software capable of undertaking a frequency spectrum analysis of the recorded audio signal (Note 4). The software samples the audio signal and using mathematical trickery (Fast Fourier Transform) decomposes the complex signal into a simpler form then providing a graphical plot of the constituent frequencies against their amplitudes. The fundamental frequency of the sound wave (f) appears as a predominant 'spike' and from this the speed of sound is calculated.
Acoustic Tests
Sample rods of 40 year old, dry Sitka Spruce were prepared for testing, each measuring 12 mm x 12mm in section. Longitudinal grain samples measured 310 mm in length and cross grain samples 390 mm in length. 
The cross grain samples were each made from three pieces (selectively cut from one block of wood) glued together with hot hide glue with end grain angles of 0° vertical, 15° to vertical and 45° to vertical (so covering the specified range of end grain angle in quarter sawn timbers).
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The longitudinal grain samples – again cut from a single block of wood – were selected with straight grain, with grain deviating to one side, and with erratic grain swirl and deviation.
   These samples were later cleft perpendicular to the end grain direction to verify the absence or otherwise of grain 'run out' (deviation from parallel) caused by spiral tree growth (see Fig 5)).
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All sample rods were first acoustically tested untreated and then retested after being heated in an oven for an arbitrary 10 minutes at a temperature of 430°F (220°C) to simulate scorching. The heated samples were allowed to cool and return to ambient conditions for 24 hours before being retested.
   The average density of the test samples was calculated from physical measurement and weighing of sections of the original larger wood blocks (before and after heating) as precise determination of density of the smaller samples was limited due to lack of accurate weighing equipment, the best resolution of the digital scale used being about ± 0.5 grams.
Summary of Results
Longitudinal Grain 

Four samples with varying grain deviation were tested before and after scorching. 
Average calculated densities were 439 kg/m³ before and 426 kg/m³ after scorching.

DMOE values are expressed in Giga Pascals, SOS in metres per second and Density in kilograms per cubic metre

Untreated                                                                           Treated at 430 °F 

Sample A – straight grained
SOS = 5822 m/s                                                                   5949 m/s
DMOE = 14.9 Gpa                                                              15.1 GPa
R = 13.3                                                                               13.9
Sample B – straight with some grain deviation
SOS = 4751 m/s                                                                   4890 m/s
DMOE = 9.9 Gpa                                                                10.2 GPa
R = 10.8                                                                               11.5
Sample C – grain swirl and deviation
SOS = 4899 m/s                                                                   5129 m/s
DMOE = 10.5 Gpa                                                              11.2 GPa
R = 11.2                                                                               12.0
Sample D – grain swirl and deviation
SOS = 5235 m/s                                                                  5483 m/s
DMOE = 12.0 Gpa                                                              12.8 GPa
R = 11.9                                                                               12.9
Cross Grain 
Average calculated densities were 423 kg/m³ before and 418 kg/m³ after scorching.

Untreated                                                                            Treated at 430°F
Sample E – grain angle 0° to vertical.

SOS = 1747 m/s                                                                   1734 m/s
DMOE = 1.29 Gpa                                                               1.26 GPa
R = 4.1                                                                                  4.1
Sample F – grain angle 20° to vertical

SOS = 942 m/s                                                                      930 m/s

DMOE = 0.38 Gpa                                                               0.36 GPa
R = 2.2                                                                                  2.2
Sample G – grain angle 45° to vertical

SOS = 587 m/s                                                                      571 m/s
DMOE = 0.15 Gpa                                                               0.14 GPa
R = 1.4                                                                                  1.4
Observations

Published data on the properties of Sitka spruce exhibit wide variation. Specific gravity for example can range from 0.35 to 0.47 at 12% MC and DMOE (longitudinally) up to 14.5 GPa - so the above results would seem to be generally in the 'right ballpark' although, for the current purpose of comparison only relative rather than absolute values are required.
   SOS and hence MOE values are reduced with increasing moisture content of wood. The test samples were probably stable at around 8% MC which may, to some extent, account for the relatively higher values of both SOS and DMOE compared to published figures.
   Although the test results are small in number and so cannot be verified statistically they are consistent in suggesting that:

1) SOS across the grain is significantly less than SOS parallel to the grain – about 20% to 30% at best dependant upon variable factors such as grain deviation and density.
2) Grain deviation from perfectly straight results in a reduced speed of sound parallel to the grain – SOS for the worst sample containing grain deviation being 82% of the best, straight grained sample
3) End grain angle deviation from perfectly vertical results in reduced SOS across the grain – the greater the angular deviation the greater the reduction in SOS – the test sample with end grain angle of 45° having an SOS only 33% of that with 0° vertical end grain.
4) Scorching the samples resulted in a reduction in density of 1% (cross grain samples) to 3% longitudinal grain samples), an increase in SOS parallel to the grain of between 2% to 5% and a decrease across the grain of between 1% and 3%.

5) Calculated DMOE before and after scorching showed an increase of between 1% and 7% for the longitudinal grain samples and a reduction of between 2% and 7% for the cross grained samples.

6) Scorching improved the acoustic 'goodness' R of the longitudinal grain samples by between 4% and 8% - the greatest improvement being observed in the deviant grain samples. On the other hand no significant change in R was observed for the cross grain samples.
If the radiation coefficient R is accepted as a good criterion for selection of sound board 'tonewoods' then – according to the above results - scorching an early guitar sound board may indeed have some potential acoustical benefit by increasing the longitudinal value of R – hard to say how significant the final result might turn out to be however.
Notes
1) Luthier Françoise de Ridder at: http://www.sinier-de-ridder.com confirms having observed many examples of soundboard scorch marks on mandolins and guitars, particularly those from Naples, as well as 'battente' guitars (made prior to about 1838). Note that until 1647, Naples was part of the Spanish empire so one might speculate that the practice of scorching sound boards may possibly have originated in the 16th C Spanish luthier traditions applied to vihuelas and four course guitars?
2) A photograph of this guitar soundboard is included in recently published "The Lute in Europe 2" by Andreas Schlegel & Joachim Lüdtke. The authors comment that the soundboard has been scorched with a hot iron in order to harden the wood.
3) See Alexander Batov's site at : http://www.vihuelademano.com/vgcrossroads.htm
4) A scaled down and much simpler adaptation of the industrial resonance method for testing logs was recently proposed by luthier Don Noon on the violin maker's Maestronet 'online' forum as an aid to predetermination of the relative acoustical 'goodness' of violin top blanks. 
.
