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This is the third, autumn issue of the 2021 subscription year (nos. 153-156). We are keeping to 
our quarterly schedule pretty well with a nice varied crop of contributions, as ever.  
   As if modern life wasn’t complicated enough already, the European Union, bless their cotton 
socks, as I mentioned in the last Q now charge VAT on all and any imported items, and not just 
more expensive items (there was a 22 Euro threshold before), so the plan is to keep the Quarterly 
flying under the radar by making it look like an ordinary letter or document, not a small book. De 
minimis lex non curat, we hope. Nobody has written to complain that the last issue didn’t ever 
arrive. In fact the typical size of Quarterlies makes this plan perfectly feasible; but the new rules 
might occasionally mean holding over a Comm for an issue, lest a Q should grow too fat. Thanks 
to Mogens Friis for a small stock of quarterlies for me to translate and include one by one; one 
such is held over from this issue. 
   FoMRHI won’t have a separate stall at the forthcoming Blackheath International Early Music 
Exhibition, and nor will the Galpin Society (though I hope that the latter will be back next year) 
but do come and find me, Chris Goodwin, on the Lute Society stall; and come to the AGM in the 
bar if you are there at 1 pm on Saturday. One is curious to see what the Exhibition will be like, 
post-Covid and post-Brexit (with CITES and VAT rules perhaps putting off foreign exhibitors; 
though I think there may be special rules for trade fairs) – will it be an explosion of pent-up 
excitement, or ‘not what it was in the Gold Old Days’, or else, pretty much the same very pleasant 
affair as always? 
   Thank you very much to the contributors, as ever. This time the strings have it – bowed and 
plucked (including harpsichords). There are more woodwind Comms in the pipeline. 
   Let us all hope that the Covid nightmare is gradually coming under control – and keep those 
Comms coming! 
 
 
Notice of Annual General Meeting, 1 pm, Saturday 13th November 2021, Blackheath Concert 
Halls, 23 Lee Rd, Blackheath, London SE3 9RQ 
 
You are hereby notified of the Annual General Meeting of FoMRHI, the Fellowship of Makers 
and Researchers of Historical Instruments, to be held at 1 pm, in the cafeteria/bar of the 
Blackheath Concert Halls, during the International Early Music Exhibition.  
 
Agenda: 
 
1. Minutes of last year's (virtual) AGM, as printed in Quarterly 152; please ask for a copy if you 
don’t have one. 
 
2. Secretary's Report 
 
3. Treasurer's Report 
 
4. Any other business 
 
I hope that as many as possible of you will be able to attend. 



 
By all means send any comments or statements or contributions you would like to be read out and 
discussed, in you cannot attend in person. 
 
 
Finance report on 2020  
 
[see accounts on following pages] 
 
The draft accounts for 2020 show a surplus of £551 after provision for the remaining quarterly of 
the year at a known cost. This is £647 better than last year and the best result ever. 
    Paid membership numbers are slightly up at 137 (2019: 132) and subscription income has 
increased by £277. Average subscription per paying member is up £1.38 at £19.06, reflecting the 
£2 increase agreed in 2019. There was additional income of £72 from donations. 
   Costs are down by £339 year on year despite an increase of £36 in website maintenance. 
Reduced postage accounts for £273 of this and lower printing cost for £29. Stationery was £78 
lower including release of last year’s provision of £13 that was not needed. The average cost per 
issue this year was significantly down at £512, (2018: £606) and the average number mailed per 
issue was stable at 139 (2019: 137). There were 30 electronic subscriptions (2019:23). The 
balance, 26, represents mailed copies that have not been paid for. The cost of postage has decreased 
by 30% from last year, mostly because of the excess weight of one of that year’s issues, but printing 
cost is just 3% lower, based on an average run of 135 for the last four issues. This shows that costs 
are now well under control despite the gradual increase in the unit costs of postage and printing, 
which is partly because the effects of electronic membership are now beginning to show. 
   Three Quarterlies have been produced so far for 2020 [at the time of writing] and the last is 
being produced this month. The accounts include a provision of £495 for the remaining one, 
based on known costs. Three of the four Quarterlies for 2019 were produced by the end of that 
year and the last one similarly in the first month of 2020. A provision of £508 was made in the 
accounts for its production, and the actual cost was £518. 
   Available funds are at their highest since 2013 and stand at £3829, which is nearly sufficient to 
cover two year’s operations. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

   

FELLOWSHIP of MAKERS and RESEARCHERS of HISTORICAL INSTRUMENTS

 Draft Accounts for the year 2020

1. Statement of Income and Expenditure

2020 2019

Income

Subscription Income £2,612 £2,335

Donations £72 £35

Other Income £0 £7

Total Income £2,684 £2,378

Expenditure

Marketing £0 £0

Postage £630 £903

Printing £1,153 £1,182

Secretary's Fee £278 £273

Stationery (£13) £65

Website £86 £50

Total Expenditure £2,134 £2,473

Net Income for the year £551 (£96)

Total funds Brought Forward £3,278 £3,374

Total funds Carried Forward £3,829 £3,278

2. Balance Sheet 31/12/2020 31/12/2019

Assets

Current Assets

Cash at Bank and in Hand £4,693 £3,913

Total Current Assets £4,693 £3,913

Current Liabilities

Amounts Falling Due Within One Year £864 £635

Total Current Liabilities £864 £635

Net Assets £3,829 £3,278

Funds £3,829 £3,278

Increase/(Decrease) in Funds £551 (£96)



Notes to the Accounts  

 

1. The accounts are prepared on the accruals basis according to Accounting and Reporting by 
Charities: Statement of Recommended Practice (revised 2005).   

 

2.  Subscriptions are accounted for in the financial period to which they relate. There were 137 paid 
subscriptions for 2020 (2019: 132). This includes five carried forward to 2020 from 2019. 
Subscription revenue in respect of 2020 was £2574 (2019: £2373). 

     

3. Subscriptions paid in advance are treated as deferred income and carried forward in the balance 
sheet.  Fourteen are carried over from 2020 to 2021. 

   

4. The Secretary’s Fee is 50p per copy mailed. An average of 139 copies of each issue was mailed in 
2020 (2019: 137).           

     

5. The Fellowship maintained a bank account with Lloyds Bank which held £4144 at the balance 
sheet date and the Honorary Secretary maintains a float of cash and stamps which was £549 at the 
balance sheet date. 

       

6. Amounts falling due within one year are:             

• prepaid subscriptions for subsequent years, which for 2020 was £260 (2019: £127)
   

• provision for printing and distributing Quarterlies, which is £495 for one Quarterly. 
 

• Provision for maintenance of the website, which is £86. 

7. One issue is carried over from 2020. (2019: one). This is currently being produced and the cost is 
known so the provision is accurate. 



Members’ announcements 
 
Barry Pearce informs us that The specification of stringed instrument string configurations published as 
Comm 2085 has been updated and is now at v2. The latest version is available at: 
https://bsip.org.uk/articles/specification-string-configurations  
 
Welcome to new members 
 
We welcome new members this quarter: Lars Torressen, Markus Heeb. 
 
De Bouwbrief 
 
This is an attractive colour A4 Dutch language magazine for instrument makers—a bit like Fomrhi 
Quarterly but much prettier! Issue 180 has pieces on building a reconstruction of a Ruckers 
harpsichord, a webinar on violin making, how to reset a guitar neck, what we can learn from 18th 
century instrument auction catalogues, the mathematics of bridge and nut fretting compensation,  
and an essay on a recorder in g, by Jan Bouterse. 
   Issue 181 has papers on building a regal, profile scrapers, baroque oboes by Van Heerde, 
aluminium parts for positive organs, metal flute maintenance, old glockenspiels (with auction 
references from 1682 to 1835) and the perennial obsession of oboe players, reed making.   
 
Cambridge Woodwind Makers Courses 
 
Cambridge Woodwind Makers, http://www.cambridgewoodwindmakers.org  write that:  
 
‘We're back again! Sort of . . . As you might imagine, we are still rather stymied as far as scheduling 
courses with our international tutors are concerned. However, we are running Repair & Care 
courses twice a year with Daniel; in autumn and spring, our Clarinet Barrel Experimentation day 
(in April) and, excitingly, courses with Peter Worrell and Paul Windridge including One-Keyed 
Folk Flute making and our professional development course in key making!’ 
 
Here is a the current list of courses from their website. 
 
Flute Repair & Care – March 2022, Mon 7th March 2022 @ 10:00 - 16:00 
Clarinet Repair & Care – March 2022, Sat 12th March 2022 @ 10:00 - 16:00 
Saxophone Repair & Care – Monday 14th March, Mon 14th March 2022 @ 10:00 - 16:00 
Clarinet Barrel Experimentation Day – April 2022, Mon 25th April 2022 @ 10:00 - 16:00 
 
 
  

https://bsip.org.uk/articles/specification-string-configurations
http://www.cambridgewoodwindmakers.org/
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Equal temperament fret position determination using a Sector 
 
 

 
 
 
Plate 1: An 18th Century Sector for determining proportions of quantities. Size 65 cm long when fully 
open. Made of Boxwood and brass. Single scale with subdivisions. Note that the scales originate from 
the hinge pivot point. 
 
Abstract 
The ‘Rule of 18’ division is generally assumed to have been used historically for equal 
temperament fret calculation1, at least as a basis, but there is no known early record 
of equipment or methods employed by musical-instrument makers for that purpose. 
John Dowland’s method of lute fret layout2 uses compasses and a complicated 
trial/error proportional subdivision of a scale length, but the method seems 
impractical and cumbersome, subject to inaccuracy and probably not useful to a 
working artisan in a dynamic manufacturing environment. A few fret position 
templates survive from Stradivari’s workshop, but with no obvious indication of how 
they were derived.  
I postulate the historical use of the Sector, sometimes known as a ‘proportional 
compass’, for calculating equal temperament (and other) fret positions. The Sector, 
even in a very simple form, makes short work of equal temperament fret calculation 
and requires minimal skill. I demonstrate the simple equipment and easy method. 
  
Introduction 
The Sector (Plate 1) is an early device used for calculating proportions of quantities, 
such as length, weight, area etc. without the need for complex mathematical work or 
involved geometric drawing by the user. In its simplest form virtually no skill is 
required to use a Sector, other than that of employing compasses/dividers to input 
and extract the required information. Early lute-makers obviously had no digital 
calculators or computers and we presume that most workshop artisans had only basic 
educational backgrounds. However, the workshop masters, who designed and 



oversaw musical-instrument manufacture, surely had superior education, including 
training in maths and geometry, either through formal education, or passage through 
the apprentice and Guild system. Such an educated person could use a Sector with 
ease and could instruct a more lowly workshop artisan or apprentice on fret 
calculation in minutes.  
 
Theory 
Ancient Greek mathematicians and especially Euclid3, proposed and demonstrated 
mathematical and geometrical proofs that were relied upon in later centuries to 
design and develop methods, means and machinery for the advancement of human 
society. Euclid knew and proposed that similar triangles (i.e. triangles with all the 
same (congruent) angles) had their like sides in direct proportion4. 

 
FIG 1: Two similar triangles  
 
If, in the above,we take a point half way along AB and draw a line across, parallel to 
BC, that line is in proportion and exactly ½ of BC. 
If our point was 1/3 along AB and a line drawn across parallel to BC, that line would 
be a 1/3 proportion of BC. The same applies to all other parallel lines drawn across. 
The lines would all be in relative proportion to each other and to their distance along 
AB. 
 
This is the principle behind the Sector: a simple device for determining proportional 
relationships without the need for lengthy or difficult mathematical calculations. 
 
The Sector, as an instrument, is simply two arms of such a triangle, say AB and AC 
above, hinged at point A, so that the angle between them can be varied (Plate 1). 
Each arm is marked with an equidistant scale of any convenient units, either 
standard units such as inches, centimetres etc; or just an arbitrary, but uniform 
division scale. Measurements can be set, or taken transversely across the ‘like’ points 
on the opposite scales using compasses or dividers. 
 
 



History 
Various theories exist about when or by whom the Sector was ‘invented’. Galileo 
designed and had created his own elaborate Sector in c.1598, along with notes for his 
students and later a user manual5. Sketches in Leonardo’s works indicate a device for 
obtaining relative proportions6. Architect Antonio de Sangallo the Younger, in his 
notes of c.1530, described and sketched a flat-armed proportional compass to ‘… find 
any proportion whatsoever, of any kind’7. Certainly the Sector, as a working tool, 
was known, eventually widely used and further developed in the 16th century and 
later, but I propose, that since the principle is ancient and proven, there were 
probably functional devices and certainly the method and principles, in use much 
earlier. Pyramids were built, fabulous architecture constructed and complex sailing 
vessels created in ancient history and it seems only logical that simple methods of 
determining proportions of size, weight, area or length were available to builders, 
designers and working artisans. 
 
The more recent Sectors of the 18th and 19th centuries, of which many survive in old 
drawing instrument sets, have more elaborate scale markings and methods for all 
types of fancy calculations, but for our simple task of calculating equal-tempered fret 
positions we require only the most rudimentary Sector, with the simplest markings, 
that anyone could make and use and the simplest method that a child could learn. 
 
Application and tools 
For this article I made a simple experimental Sector similar to Plate 1 using the 
hinge from a broken, discarded folding rule and some wooden strips (Plate 2). One 
could make a basic Sector using some thin cardboard and a punched eyelet, rivet or 
drawing-pin as a pivot. The two equal arms on my Sector are about 70 cm long, 
although any length can be used, preferably greater than the scale-length of your 
musical-instrument. Smaller Sectors, as found in old drawing instrument sets can do 
the job, but for this article the simplest procedure is described.  
The arms should be marked (and numbered) with a regular equidistant scale of any 
convenient dimension. At least 18 equal divisions are needed and subdivisions can be 
introduced, but are not essential for a demonstration. If making your own Sector, just 
transfer a convenient scale directly from any standard rule, or ‘step out’ any suitably 
sized divisions using dividers.   
 

                       
                Plate 2: Sector (top) and compasses (bottom). User made. 



Method 
To use the Sector for fret position determination, first draw a straight line (scale line) 
on paper (e.g. on your working drawing) and mark off the intended scale-length. In 
our case it need not be a known measured length (i.e. of inches, centimetres etc) and 
the Sector user does not require any other information except the total length marked 
off on the scale line. The scale line will be marked up with the derived fret positions 
as they are determined: 
 
1  Open a large pair of compasses, dividers or trammel points and set them to the 
scale-length of your fretted instrument as shown on the scale line.  
2  Place one compass point on division mark ‘18’ of one arm of the Sector and open it 
to place the other compass point across on the corresponding ‘18’ division mark of the 
other arm. (Plate 3). 
3  Uplift your compasses without disturbing the Sector setting. 
4  Adjust your compasses or trammel points closer and take a measurement across 
the Sector scale markings at ‘17’ on each arm. 
5  Transfer that measurement directly to your paper scale line and mark the distance 
from one end of the line. That is the first fret position and marks 17/18th of the scale 
length from the bridge position or 1/18th from the nut. 
6  Next, keeping the same compass/trammel setting you just obtained, adjust the 
Sector and place the compass points on the ‘18’ scale markings of each arm again. 
7  Repeat steps 3,4,5,6 until you have sufficient fret positions. For a typical lute, 8 or 
9 frets are usual.  
8  If desired, make a fret position template for the instrument for use during 
workshop manufacture or for future reference. 
 
                   
 

                      
                       
                         Plate 3: Transferring a reading to Sector marks at ‘18’.  
             The Sector should be on a flat surface to allow adjustment and accuracy. 
 
 
 



 
If there are no suitable compasses or trammel points available one can use a narrow 
strip of card, stiff paper or thin wood having a straight edge and use a pencil to mark 
and transfer the measurements. 
 
Readers will note that the process of reducing the ‘18’ to ‘17’ on the Sector and 
repeating the process as described is actually dividing the remaining scale-length 
again by 18 as the individual frets are determined. 
 
Cross-checks on accuracy can be carried out if desired, because sometimes 
accumulated errors arise from repeated manual measurement transfer.  
In the case of equal temperament fret 5 is at ¼ proportion of the scale-length, so 
using the Sector, open the compasses again to the full scale-length and place the 
points on the ‘16’ marks of the opened Sector. Uplift your compasses and take a 
measurement from the Sector’s ‘4’ marks (4 is a ¼ proportion of 16) and check that 
the measurement corresponds to the 5th fret position on your scale line. Adjust its 
accuracy as necessary. Accuracy is more critical with shorter scale lengths. 
Do the same for the 7th fret position (which lies at 1/3rd of the scale-length) using the 
marks at ‘18’ and then ‘6’ to check the fret position (i.e. 6 is a 1/3rd proportion of 18 ).  
The 12th fret can be similarly checked by using the ‘18’ marks and taking the 
measurement reading from the ‘9’ markings on the Sector (9 is a ½  proportion of 18) 
 
Conclusions 
The use of a Sector is a very simple, accurate8 method of fret position determination, 
based on the ‘Rule of 18’, for any typical equal temperament scale-length and without 
using mathematics or complex geometry.  
 
The Sector was used from the 16th to 19th centuries as a general purpose calculator 
and a working tool in areas such as architecture, surveying, maritime navigation and 
map making, munitions and warfare, goods and commodities trading; solving real 



world math problems when people’s education was variable to say the least. Logically 
speaking, musical-instrument designers and makers from the 16th century and 
perhaps earlier, would have known of and likely used a Sector in their work. 
 
When using a Sector simple fractions are useful to know, such as ½, 1/3 , ¼ of any 
given whole integer, but even those proportional relationships can be determined 
with a Sector without any maths at all, especially if the units of a quantity are 
unknown, or the length in question is an awkward fractional dimension. 
 
It will be apparent to the wise that the method described here can be varied, further 
simplified, or made more precise and that fretting for other temperament scales can 
also be determined using a Sector. For example, the first fret position can be found 
using half the scale-length as a starting measurement, as fret one is at 1/9th 
proportion of half the scale-length. The division factor of 18 could be interpolated by 
using subdivided scale markings to improve overall precision, or to accurately modify 
certain fret positions as required in some other scales. A smaller pocket-sized Sector 
could also be employed by using a slightly different approach. 
 
There has already been a great deal of research and theoretical discussion of 
temperaments, pitch and scales that I need not discuss in detail, but if there is 
sufficient interest in this topic of the Sector and how it was employed in our musical 
history, I will consider more articles. Meanwhile the bibliography and endnotes direct 
readers to some excellent material, including original texts, about the Sector and its 
general use as an historical calculating device. 
 
Chris Egerton 
July 2021 
chris.egerton@network.rca.ac.uk 
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NOTES 

 
1 Vincenzo Galilei (1520-1591) is said to have originated the rule, but opinions differ. 
2 Dowland J. ‘A Varietie of Lute Lessons’ 1610 edition 
3 Berlinski D. ‘The King of Infinite Space--Euclid and his Elements’.  Perseus Books Group, New York 
City 2014. 
4 Euclid’s Elements, Book VI, Propositions 4 and 5. 
5 Galileo sold Sectors to his nobility students.One example is here:  
http://waywiser.fas.harvard.edu/objects/3608/galileos-geometrical-and-military-
compass?ctx=db91f8e0-de24-4fb3-ada5-c9d5cb6d0d81&. Viewed 22 July 2021. 
See also Galilei, Galileo, ‘Le Operazioni del Compasso Geometrico et Militare’, third edition, Padua 
1649. 
 Scan of the original book available at the Internet Archive.  Free English translation also available at 
https://brunelleschi.imss.fi.it/esplora/compasso/dswmedia/risorse/eleoperazioni.pdf Accessed 22 
July 2021 
6 Codex Forster Vol 1, National Art Library,Victoria & Albert Museum, London.  Museum no. 
MSL/1876/Forster/141/I . Available to view at hi-res online at 22 July 2021. 
7 https://kartsci.org/kocomu/computer-history/proportional-compass-sector/Antonio Sangallo  
Retrieved 22 July 2021 
8 Using the simple equipment and the method described I obtained accuracy of -1.5mm to the octave 
point of a 600mm scale (i.e. the twelfth fret point), Time taken to mark 12 frets was about 15 minutes. 
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A Resourceful Lockdown: The 2020 Experience of Restoring Harpsichords Built in the 1980s 

2020 was undoubtedly the strangest year in recent history, given the global changes in 
everyday conditions that seemed so stable just a while ago. A pandemic brought periods of 
lockdown during which creative people found themselves developing their habits and 
inventive abilities, while immersed more than beforehand in either their work (sometimes 
from home) or, conversely, in forced idleness. Thus, the author of this post had a unique 
opportunity to work successively on three instruments of the harpsichord group during the 
period of three lockdowns in Israel, which also led him to some generalizations, to which the 
lines below are devoted. 

Description of the context 

35-40 years – that’s the age when early keyboards (especially harpsichords) need either deep 
maintenance / replacement of strings and parts of the action, or rebuilding. Each instrument, 
depending of its type and philosophy of building, needs different approach for the 
maintenance plan. What does philosophy mean in this context? 

Throughout the 1980s, there were three such philosophies regarding the construction 
of the harpsichord: revival instruments, replicas (in the form of “kit”), and authentic making. 
That decade was a sort of junction of these three philosophies, part of which were then at a 
rise, whereas the other – at a decline in the history of harpsichord making. 

Formulation of the problem: 

Each of the above trends had their own advantages and disadvantages. The advantages are 
rarely of interest to the restorer, who usually faces problems that need to be solved. The 
problems typical of the three groups of harpsichords can be summarized as follows: 

• Authentic instruments: low reliability of the action parts (springs, sometimes 
tongues). 

• Replica (“Kit”): inaccuracy in amateur assembly, especially the drilling pattern that 
either makes the sound dark, or breaks the strings, or both. 

• Revival harpsichords: inauthentic sound and touch. 

There are several ways to solve the above problems: partial rebuilding with the 
replacement of parts with parts from a different material, primarily strings, plectra or springs. 
For every single instrument, considering (or even regardless of) the type of its building, there 
are various options for extended maintenance after 35-40 year from the building. Below I 
bring details of my recent work on three instruments – all built during the 1980s: Klop Flemish 
Harpsichord, Hubbard English bentside spinet, and Craig revival spinet. 

Rebuilding an Authentic Instrument  

Flemish harpsichords and spinets made by Gerrit Klop during the 1980s have established 
themselves among the finest examples of the authentic keyboard instruments of the period. 



The quality of the carpentry work, undeniable harpsichord touch and, finally yet importantly, 
indestructible soundboard – this is why Klop’s instruments have won the hearts of adherents 
of “historically informed” performance of early music. However, in about two decades, this 
image was somewhat clouded by discovered technical problems of an innate nature. The 
master used two types of jacks: plastic and wooden.  

The problem with plastic jacks was that the tongues shattered on the sides, which 
necessitated replacing most of them (along with the plectrum) after about 15 years. It was a 
completely solvable maintenance problem. Moreover, Henk Klop, who continued his father's 
work, found the optimal technical solution for the long-term operation of jacks of this design, 
having developed a wooden tongue for this construction of plastic jack. Replacement of the 
entire set of tongues is somewhat expensive but it provides you with an exclusively reliable 
result. 

The problem with wooden jacks, which are an order of magnitude more authentic in 
design, being noisier in operation and stiffer in the feel of the mechanism, is the low reliability 
of the fast repetition. The crux of the problem lies in the material of the bristle spring and the 
geometry of its location. This is an unrecoverable design problem, due to complaints about 
which the manufacturer (to the best of my knowledge) has finally abandoned it in recent 
years. However, many of the instruments with wooden jacks that were produced earlier were 
left with a problem that only gets worse over time. One of these instruments came to me two 
years ago, and I decided to find a technical solution that would allow to play on such an 
instrument works, in which the function of fast repetition is vital. 

Actually, having met such instruments in the past, I began to think over possible 
solutions to this problem, but only having acquired a Klop harpsichord for my own use and 
having a fraction of the time that the lockdown provided us, I conducted several experiments. 
The most successful solution was to replace the bristle spring with a steel one with a diameter 
of 0.20 mm (0.008 inch) using the standard holes from the previous spring, but fixing it on the 
rear side of the jack, for which an additional blind hole was prepared, into which the rear end 
(bent at 90 degrees) of the new spring entered. The pressing point on the tongue remained 
in the same place, the spring elasticity was adjusted in advance, and when the clamping force 
(in each specific jack) corresponded to the optimal one, the spring was fixed in the rear hole 
with a wedge (I used standard wooden toothpicks, closing the hole and cutting off the 
protruding part). Figure 1 shows the shape of the new spring and a process of preparing the 
blind hole. 

Rebuilding a Replica Kit 

British keyboards are rarely discussed in the literature, with the exception of virginal and early 
square pianos. However, it is worth mentioning other types of keyboards that were built in 
England in early and modern times, or were built elsewhere, inspired by British historical 
instruments. First of all, the connection between British and Italian instruments comes to 
mind, given the type of strings (brass throughout) and some other features. 



     

Figure 1. New spring design; making a blind hole for fixing a new spring 

Secondly, although among the pioneers of the harpsichord building in the 20th century, it was 
Arnold Dolmetsch (French-born English maker), who was one of the few who remained 
faithful to the traditional design of the instrument, the UK either was or became home for 
creative persons who developed what is now called “revival harpsichord” (Hugh Craig, William 
DeBlaise). And finally, the English bentside spinet made in 1765 by Baker Harris served as a 
prototype for the most successful ever replica of spinet developed by Frank Hubbard 
(Cambridge, MA) and distributed mainly as a kit. It was this model (assembled in 1988) that 
came into my workshop a year ago. 

The previous owner of the instrument claimed that the strings broke very often. I 
checked the specs (according to Hubbard’s datasheet) and also measured the length of the 
strings. It was concluded that the owner tuned an instrument designed for a'= 415 only (no 
transposing keyboard) to a' = 440. Many kits can be made for either modern (440) or baroque 
(415) pitch. However, few of them have the feature of transposing keyboard. Normally, the 
first owner knows what pitch he or she needs, but the second owner may not be aware about 
the pitch preference of his/her predecessor. This was the case. 

Retuning the instrument in the Baroque pitch and making a transposing keyboard – 
this was the plan of work on the instrument. However, it turned out almost immediately that 
the treble strings sounded then dull. The reason was the insufficient angle of the strings along 
the front pins, caused by inaccuracy in the drilling plan for tuning pins. The solution was found 
through an individual selection of different material for short and long strings of the 
instrument, namely phosphor bronze and brass. In a couple of places, to get a better angle, 
in addition to slightly bending the front pin, a small groove was stamped on the front bridge. 



Rebuilding a Revival Instrument 

Craig’s spinet that I bought in early 2020 was damaged as a result of an unsuccessful carrying. 
One of the legs was broken off along with a piece of the body and, more importantly, the 
wrest plank cracked in thickness. After completing the necessary work for restoring the 
integrity of the case and the wrest plank, I set myself the task of improving as much as possible 
the sound of this small instrument. 

Developed in the early 1970s, Craig’s spinet is a revival instrument that nevertheless 
combines the characteristics of authentic instruments. Thus, the soundboard is not too thick 
and the plastic jacks have a design typical of later replicas. However, steel strings and leather 
plectra make the instrument sound completely inauthentic. I had early experience with this 
model, changing the leather for a plastic (Delrin) plectrum, and as a result, the bass strings 
became very weak, losing the pitch component and gaining a pronounced click of the plastic 
plectrum. At the same time, the mid and especially treble strings began to sound pretty 
decent. 

In the instrument I bought, I decided to leave the leather plectra in the bass part of 
the compass, considering that they were replaced 10 years ago and, being relatively harsh, 
did not lose elasticity, while replacing the leather with Delrin in the middle and treble. The 
challenge was to find the transition point between the materials so that the transition was 
the least noticeable. Given the difference in sound character between left and right plucking, 
and following multiple testing, I found the d'/ d sharp' point to be the most appropriate 
transition point for this instrument. Another changes I made to this instrument were of rather 
cosmetic value: a new stick for the lid and a chiseled wooden profile on the side of the case. 
Figure 2 shows two English spinets and a Flemish harpsichord (in the background) rebuilt 
during the 2020 lockdown. 

 

Figure 2. English spinets and a Flemish harpsichord rebuilt during the 2020 lockdown 

 



Closing the circle  

The creative spirit in our family that accompanied the 2020 quarantine made it possible to 
use one of the restored instruments as one of the props to recreate a version of Jan Steen's 
painting “Harpsichord Lesson” (1660). My wife, artist Masha Orlovich, who was in charge of 
the props, portrayed the student herself, I portrayed the teacher, and our son Yehonatan was 
responsible for lighting, shooting and editing the photograph (see Figure 3). Thus, the 
rebuilding / restoration of English and Flemish instruments has closed the circle, using an 
English spinet to create a replica of a Dutch painting on a related theme. 

 

Figure 3. Jan Steen. Harpsichord Lesson (1660); Replica of this painting (2020) 

Conclusion 

Since, during the 1980s, the historical keyboards were built according to different trends (or 
philosophy) of building, their maintenance, restoration or rebuilding after the 35-40 years is 
subject to the knowledge of the maintainer about the different building philosophies that 
were prevalent during that period, availability of the spare parts, willingness of the owner to 
upgrade the instrument, budget allocated for this work and, of course, sufficient professional 
experience of the person who performs the work. 
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CAPIROLA’S  LUTE  STRINGS,  including a reply to articles to FoMRHI Comm 2151 and 
articles in  Lute News 
 
About 14 years ago I wrote Comm 1810 (Ref 1) which contained an analysis of Capirola’s 
description of tapered lute strings. Vincenzo Capirola, 1474 to 1548, was an early lute composer, 
and his pieces and some instructions were compiled by a pupil, Vidal (Ref 2). I hope this brief note 
will be sufficient enlightenment for any readers of two recent articles from Mimmo Peruffo (Ref 3), 
in a long delayed reaction to Ref 1. 
My initial interest was certain highly puzzling aspects of stretch sharpening in strings, and the 
survival of old lutes with angled bridges and necks. During this work the mechanics of a string with 
long-range variations of mass arose, and then I recalled Capirola’s ‘tapered’ strings. This is an 
important distinction from years of speculation hoping for any written primary evidence, or 
prolonged attempts to explain some document. Other current notions seemed entangled in 
etymological problems such as catlines, or lack of written evidence for loading strings with dense 
materials. In contrast, there was an ancient source on ‘taper’, and well worth some study. 
 

My initial analysis of taper (Ref 1) included a substantial list of several interesting practical effects, 
and Capirola’s ‘The Secret of Stringing the Lute’ provided several tuning effects for individual 
strings described as ‘one end thicker than the other’, with the basis of a stringing scheme for the  
courses on a lute. General musical translators may have sensed some technical relevance, but 
perhaps not the serendipity experienced by a researcher in several areas of physics and biology, 
with some academic history. A present reader will need to study closely both Ref 1 and Capirola, 
but attempting some summary here would rapidly spread into details. However, as an illustration of 
the richness and subtlety of the ancient account there is a string type that only sharpens whichever 
end is tied to the bridge. Ref 1 noted that while this may seem to indicate a uniform string its strict 
meaning could be a taper no more than is needed to cancel its own stretch sharpening. 
 

We can now address some statements made in Ref 3. This will concern the more prominent points 
only, and will not stray into inconclusive areas. 
An early criticism in Ref 3 is that Capirola has limited use as only a single source - but clearly one 
more than loading with dense materials, which Ref 3 might consider worth the weight of Capirola’s 
book in gold particles. Later in Ref 3 it is concluded, after many minor and incorrect points, that 
tapered strings never existed and Capirola is misled and wrong. This appears to forget or ignore that 
Capirola demonstrated the existence of taper by continual references to turning a string round on the 
lute, which is effectively a detector and measurer of taper, as shown in Ref 1, and also the whole 
descriptive thrust. Dismissal of vital, credible, written evidence is unacceptable in any subject. 
This treatment of Capirola in Ref 3 is also received by several other notable early writers. The 
introductions cite Bermudo, Vincenzo Galilei, both important theorists, and the composers John 
Dowland and Le Roy. Such a roll call often aims to attract kudos to the writing, but here they 
receive advanced chastisement for not assisting the author’s aim. It is unsought praise to be 
included in such a group. 
 

A reader also needs to be aware that there are several topics in Ref 3 which had appeared earlier in 
my further work in Refs 4 to 8, but they are not cited in Ref 3 and a reader should be able to see 
them. These included remarks on the tapered structures of guts as a natural material and how 
ancient large scale production would have led to a wide range of tapered strings, among which a 
uniform string would have been a rare statistical oddity. There is also a conspicuous absence of any 
term such as ‘uniform’ in Capirola. Some earlier readers had the impression I advocated the making 
of exact tapers or conical shapes. However, taper would not have been a smooth perfect ramp, but 
rather a long-range effect like a rocky slope, as described in Ref 1. Also the general ancient 
procedure would have been making best use of a great variety of strings resulting from large scale 
hand production, and cleverly realizing that certain arrangements of tapers allowed acceptable 



tuning. They certainly would not have discarded most of their strings, while searching for some 
uniform rarity. 
 

Ref 3 also addresses the matter of tapered strings, firstly by describing the shape of inflated guts, 
which is interesting and has some bearing on a final string. Their uniformity was stressed in line 
with some modern expectations, arising mainly from extruded polymer strings and overspun 
strings. Other makers also show these tests, but are not too concerned with uniformity. In contrast, 
my interest was the many small departures, and also splitting or cutting into strips that can affect the 
final strings. Further highly interesting effects in the manufacture processes of winding and 
finishing strings will be discussed below. 
 

Readers may notice that Ref 3 appears to be based on a preconceived belief that Capirola’s strings 
and all other early strings were uniform, but rather than trying to understand the early written 
evidence and later analyses, the technique is a simple scan for any little phrase that can be queried. 
This is not a generally recognized procedure for technical research, and it also leads to a series of 
confused propositions and non sequiturs. A typical example is a sentence in Capirola where the 
subject may seem a little unclear, but refers to the topic of the previous sentence, whereas Ref 3 
looks around for another noun which produces some minor disagreement. A related lapse of logic 
seems to believe that simply making a single slight query in the scheme for taper immediately 
proves complete uniformity. As if someone fails to recognize a local feature in their city, and 
immediately concludes they are permanently transferred to some small distant village. 
 

Ref 3 also shows some tests on just two gut strings, which we must remember are obviously 
modern. String 1 appears to be a gut string suitable for a top or second course, but there are no 
further details of the material. Its diameter was measured with a micrometer, valid for a modern 
test, at unspecified points along its length of 7.2 metres The diameters are said to ‘oscillate’ 
between 0.52 and 0.54 mm, but with the ends at 0.52 and 0.53mm. However, there is no measure of 
a ‘wavelength’, or any other account of the distribution of diameters over lengths of about 1 metre 
as used on a lute. Qualitative descriptions of variations in diameter in Ref 3 are ‘not very noticeable, 
rather imperceptible’ etc. The most one can deduce are differences of 0.01 and 0.02 mm. A lowest 
taper could be 0.01mm over 7m perhaps with some other local variation of 0.01mm, a moderate 
taper might be 0.02mm over about 3½m for at least one cycle of an ‘oscillation’, and the highest 
taper could be 0.02mm over maybe 1m or even less. 
Presumably by coincidence, my earlier Ref 1 had used this last taper of 2% to illustrate a tuning 
effect in the region of practical interest for stretch sharpening. Larger effects from greater tapers 
would be useful for angled bridges with shorter bass strings, whereas elastic effects were not a 
possible mechanism (see Refs 4 to 8). Ref 3 may have had a taper in the predicted region of interest, 
rather than a refutation of the effect. 
However, this is just one test and the variations are close to the micrometer’s smallest division. 
Above all, there is simply not enough data for defining a profile, and one cannot truly discriminate 
three possibilities of near uniformity, a degree of taper, or more localized defects. One can also see 
the considerable problems of measuring dimensions for building a profile, even for an improved 
design of test. 
In contrast, Refs 1 and 8 showed that the acoustic test could give a far better and quicker measure of 
any average taper. This used to be known as an ‘operational method’, provided by the underlying 
physical relations, where very small tapers are predicted to have significant acoustic effects that can 
be measured with reference to the frets. Only three equations were required, but Ref 3 does not 
seem to be conversant with this form of expression, which is vitally necessary for a quantitative 
understanding in the modern absence of a good supply of tapered strings for demonstrating the 
ancient methods. 
Incidentally, this 2% taper, from 0.02/1 over 1 m, is a far more practical scientific measure than an 
engineering gradient of 0.02/1000 or 0.00002 or 2 x 10 -5. 
String 2 is a great contrast, and is made from a single lamb gut, and also a possible top string. The 
range of measured diameters is given as 0.33 to 0.44mm, but no length is given. This variation is 



relatively huge, 0.11/0.33 or 33%, even if referenced to a 7 meter length, giving a 5% variation for 
1m. This is described as ‘substantially constant in diameter’ by Ref 3. Possible reasons for the large 
difference between the two strings should have been addressed. 
Ref 3 considered these strings uniform, but Capirola’s uniform reference would lie between a fourth 
and fifth course, with about twice the diameter. However, Ref 1 had also used a uniform top course 
for illustrating Dowland’s much later lute, and this may also be helpful for understanding tapered 
schemes. 
 

A crucial point in all reporting of scientific tests is a necessary inclusion of relevant details for 
samples. The present cases would include the initial components, production methods, and 
importantly any finishing after drying. 
So far, these measurements have been treated at face value as objective valid tests, but a closer look 
at the samples and results suggests a serious problem. The internet shows that the bulk of Aquila 
gut strings are a variety of types above 0.5mm in diameter and all are described as ‘half-rectified’, 
eg HR demi-rectified, HU unsplit lamb gut, HV varnished and beef. The dimensions of all these 
types are given by reference to the example of a 0.66mm mean diameter, within a strict ‘window’ of 
0.65 to 0.67mm. This differs from a usual random tolerance of 0.01mm, since the upper measure 
has been limited by a mechanical process. The original unrectified object would have had a greater 
diameter of around 0.69mm with a more irregular profile. It is also worth adding that these tight 
tolerances, related to the micrometer division of 0.01mm, may give a good relative guide to the 
rectification process, but they are unlikely to be generally appropriate for a variable heterogeneous 
material, sensitive to humidity and temperature. 
String 1 had the identical pattern of three measurements: 0.52, 0.53, 0.54mm. A reader would have 
expected the sample to be an original unrectified string, with a diameter of at least 0.56mm. This 
could also explain the lack of definite taper and more variable local imperfections in Ref 3, and 
maybe also the curious ‘oscillations’. Clearly, using a modern string that had been made almost 
uniform for a demonstration to support a belief that early strings had been uniform would be 
unhelpful, and completely unacceptable. At the same time, the limited presentation of small 
variations did not exclude some taper and imperfection in the initial objective analysis. 
String 2 below 0.5mm diameter would have escaped this process, and indeed showed considerable 
variation of diameter and likely taper. Some further measurements and photos of the string and 
micrometer readings, similar to string 1, could have been highly interesting. 
A reader may well consider there is now no need to continue pressing ahead with this reply but 
several aspects require attention, including the historical context of rectification. Regarding types of 
gut, alluded to above, Ref 3 was unwise to dismiss the relevant matter of ancient sheep anatomy, 
especially by references to nuclear catastrophes. 
 

Hopefully, readers are keeping up, but there are two further features of string making that require 
attention. The first is a constant effect arising from the winding process itself, where twisting is 
naturally concentrated at the winding end, which consequently has a smaller diameter. In providing 
analyses for various degrees of taper in Ref 1 it seemed unnecessary to include this further 
complication explicitly among all the other sources of taper, but string makers would have been 
aware of it. This effect could lead to a general taper in any string, unless there were elaborate 
compensations such as an exactly opposite taper in the thickness of the initial guts. As a reminder, 
other contributions to a final taper would include natural taper in a gut diameter, flares, wall 
thickness, and also splitting or cutting into strips. Further details that might compensate, such as 
diameter and wall thickness, or various reversals of tapers within a string, would still be expected to 
leave some residual degree of imperfection leading to slightly tapered strings, especially with the 
added effect of end winding. My references also noted that strings with many component guts could 
be more easily controlled than those with only a few. These are reasonable conjectures of a practical 
scientist. In view of all these effects, Ref 3 should have been more concerned with explaining how 
uniform strings could ever have been the general ancient result. 
 



The second matter concerns the finishing of a dried string, which may change its surface and also its 
profile, including a loss of taper. The ancient process was an oily rub with horsehair pads, and 
maybe some pumice. This would clean up minor defects, but have little effect on the profile of a 
string, whether tapered, uniform or with local irregularities. However, in the early 19th century a 
stronger method known as ‘rectification’ was begun, to remove imperfections that were perceived 
to produce poor tone, primarily on thin violin strings. Complaints from notable figures such as 
Louis Spohr in his 1831 ‘Violin School’, and earlier by Mozart, led to partially effective ‘sanding 
boards’, and then much later around 1950 to grinding wheels capable of removing controlled 
amounts of material, while still aiming to minimize damage to the complex fibrous structure. A 
large gap would remove just the highest peaks, and a smaller gap could produce a perfectly 
cylindrical, or uniform, string. Ironically, with the introduction of a steel top string the original need 
disappeared, but the process spread over time to all other gut strings, ensuring economically a 
repeatable saleable modern product. However, the lute had declined completely, well before 
rectification started, so this process cannot have been present in any original lute strings. This 
explanation is also necessary for the following historical understanding of ‘falseness’ and ‘taper’. 
 

The early notion of falseness relates to testing an ‘outstretched’ string, also mentioned later by Le 
Roy and others. This stems from large scale local irregularities. In contrast, a slowly varying slight 
taper is not revealed by this test, but produces slight inharmonicity of overtones. This was a chief 
concern of rectification, and the important distinction between large defects and gradual taper was 
probably established only by this process. Ref 1 analysed some simple cases of both effects. 
Ref 3 appears to suggest that Capirola mistook falseness for taper. This may seem an unnecessary 
concern after both were claimed to be small for string 1, but would provide a further distraction 
from taper. More decisively, as already stressed, taper would have been revealed by the all-
important turning around of ends on a lute. The ancients would therefore have seen mainly taper, 
with and without significant falseness, but only a very few uniform strings, also with and without 
falseness. They would have been concerned with making the best use of taper and also some 
falseness. 
Modern players might find a little inharmonicity annoying but it appears to have been an 
unavoidable and acceptable compromise for the ancients. In brief, there would be compromises 
between inharmonicity and all the tuning advantages for stretch sharpening, and for angled bridges 
or necks. There would be a limit on the maximum tolerable taper, and similarly the limiting case of 
no taper would be a rare possibility. However, this was not mentioned by Capirola, who as an 
aristocratic amateur could well have afforded any perceived ultimate refinement. The tapered 
strings themselves may now seem even more fascinating than the initial tuning problems in Ref 1. 
 

An astonishing misconception of practicality in Ref 3 is an apparently serious belief that ancient 
production of tapered strings would have required exact measurements in a modern form, such as 
mm or inches. This is elaborated in detail, and even used to argue that tapered strings could never 
have existed. Modern makers might need this, but my discussions have shown the ancient 
procedures were different. 
For example, string thickness or diameter, with its difficulty of measurement, was not a familiar 
concept. The modern understanding of the relative string diameters across six courses, such as a 
factor of 2 for each octave, was not explicitly known, but there may have been an approximate 
practical notion. Accumulated experience and large bundles of standard nominal types and weight 
are probable early methods. Very helpfully, Capirola advises setting the three lowest courses and 
preserving these durable strings as a guide for replacing the fragile upper courses. A remarkable 
aspect is that the ancients appear to have had a greater grasp of the second order effect of taper than 
the first order nominal thicknesses, the opposite of the modern situation. Selection of tapered strings 
and their reversing would not be more onerous than making and adjusting reeds for wind players. 
Strings in boxes and envelopes with a numbering code or precise dimensions came much later. All 
this was covered in Ref 1. 
There is a related concern with precise dimensions in Ref 3, misconstruing my suggestions that the 
ancients might prefer certain tapers. However, my writing explained that the main method would be 



selection from large variable stocks, and perhaps by noticing certain trends in using various types 
and arrangements of guts etc. Detailed measurements and substantial sanding would not have been 
used for the original lute strings, but it is not impossible that a particularly obvious defect could be 
removed, similar to adjusting reeds. My single reference to experimental sanding was for a nylon 
string as a check on the fundamental relations between taper and tuning, which was confirmed as 
would be anticipated for a purely geometric effect. 
 

Taken together, all the above considerations indicate that slightly tapered gut strings were the main 
reality, and not only for Capirola and his time. Amazingly to us in 2021, this would have continued 
up to the 19th and even 20th century, since it is unlikely that elaborate non-abrasive compensations 
were used systematically on all strings. 
 

After seeing the constant preoccupation with uniform strings in Ref 3 readers might wonder about 
the reason and purpose. Maybe there was no desire to engage with understanding complications of 
taper and its acoustic effects, and simply install the easier modern notion of uniformity. This would 
also provide a useful claim that all his modern strings - monofilament, loaded, gut - were following 
ancient practice. Any of these reasons seems a small gain for dismissing valuable ancient sources, 
and potentially distorting the history and legacy of an ancient craft. The approach seems like 
breaking up a valuable and unique old clock in working order, just to find some spare parts for a 
modern clock. 
 

There have been similar concerns with loaded strings for many years, where it would be helpful if 
someone would simply test for residues on old bridges and pegs, rather than continually speculating 
on small holes and coloured strings. The quest in Ref 3 for uniform early strings should be seen as a 
similar line of speculation, but separate from the remarkable evidence of Capirola and sound 
modern analysis. Perhaps many lute players would be most interested in the manufacture of 
synthetic polymer strings with a range of elasticities suitable for many courses. 
 

Even though there are many problems with the material of Ref 3, the writing of it must have taken 
considerable time and effort. Its entire purpose was to promote a notion of uniform thickness, and 
the use of two sizeable articles indicates some desperation. However, it is important to understand 
that the venture was not based on a full use of reliable evidence and objective analysis. A final 
paragraph in Ref 3 becomes confused, perhaps stretching the automatic translator’s power. The 
author appears a little apologetic and seems to admit the subject is too difficult for him, and might 
even like my help. 
 

Reflecting on this strongly technical response to Ref 3, there may be some explanation for clashes 
of views. This depends on the stage in someone’s interests when they are confronted by a particular 
unexpected ancient practice, and there are three examples in this piece. Firstly, the mistaken view 
that Ref 1 had suggested the ancients made special tapers to correct angled bridges arose after a 
keen amateur had made a mistake in gluing on a bridge. Secondly, there is a far more serious case 
in Ref 3, making and selling uniform strings for decades, then seeing my analysis of taper and 
Capirola, and feeling seriously disturbed. Thirdly, I had limited experience and just a general 
interest in strings before beginning to study their detailed mechanics, realizing the possible use of 
taper, recalling Capirola, and analysing the ingenious ancient effects. For tuning temperaments, a 
continually surprising challenge has been understanding how these could have been conceived and 
described with the available ancient concepts. This same mentality has been a useful approach for 
strings and lutes themselves, and requires science and history rather than modern product 
engineering. 
 

Any future tests would benefit from an unbiased approach. A string maker would be needed but the 
wide range of natural tapers for a full demonstration is unlikely in modern business. A partial study 
where perhaps three synthetic strings are sanded, emulating the selection of tapers, could be 
interesting. This may be a suitable place to record my ‘intellectual property’ concerning a revived 
use of tapered lute strings described in Capirola’s lute book. 
 



Many modern players and makers may take a relaxed pragmatic view of all this. However, the topic 
needed some brief reply before specialists and more general readers are misled. Since there are 
many other pressing concerns these days I shall not be spending much time on the subject, and 
further queries may already have been addressed in Refs 1, 2 and 4 to 8. 
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Equal temperament fret position determination using proportional 
dividers1 
 

 
Plate 1: Proportional dividers, carved wood with iron points. Inked and engraved division scale and 
scrolled decoration. Probably central European, c. 17th / 18th century. 39 cm long.  
(Image courtesy of Tesseract.com).  
 
Abstract 
Proportional dividers2, the predecessor of the Sector3, were known and used in the 
16th century and later, for determining and calculating proportional relationships of 
length, area, volume, weight, as well as facilitating geometrical work with polygons, 
circles etc., all without complicated mathematics. Leonardo sketched several 
proportional dividers in his notebooks4. As with the Sector, the dividers rely on the 
Euclidian proposal that similar triangles are in proportional relationship5. The 
dividers can easily be used for fret position determination based on the ‘Rule of 18’6.  
I describe a simple experiment and method that requires no maths, geometric 
drawing or particular skill. 
 
Introduction 
Proportional dividers were used mainly as a drawing instrument and working tool by 
map-readers, navigators, artists, sculptors, educated professionals etc. Historically, 
proportional dividers were hand-made to order for specific needs. The manufacturing 
precision and accuracy of the engraved calibrated scales depended on the skill of the 
mathematical instrument maker7. Boxwood, ivory, brass, silver, nickel alloys and 
steel were typical materials used due to their inherent durability and wear resistance. 
The tool resembles a double-ended dividers secured by a central pivot that is 
adjustable and permits variable setting to the calibrated scales inscribed on the legs. 
(Plates 1 and 3). The scale types vary according to the maker and the intended use. 
 
 
 



History and use 
If any map-maker, architect, artist or sculptor wished to proportionally scale up or 
down (in size) a drawing or an object, or a musical instrument designer wanted to 
draw and make working templates for a matched ‘chest of viols’ or another size-
graduated set of instruments, proportional dividers were an essential tool for efficient 
working. Their design and function however, has some limitations that were solved 
by the later refinements of the ‘newly invented’ Sector8. Proportional dividers are 
very effective for simple fractional conversions such as 4:1, 2:1, 5:1, 4:7, or for equal 
division of odd distances or lengths, but much more complex mathematical and 
geometrical calculations are possible, if the operator is educated in those disciplines 
and the relevant scale calibrations are inscribed. They were still in common 
professional use in the late 19th century  and are still used today as a helpful drawing 
instrument, or functional tool, for example by some organ builders and restorers.  
Accuracy of results depends on careful transfer of measurements and the stability and 
accuracy of the instrument’s setting. Modern versions of proportional dividers are 
often very precisely engineered; the best achieve accuracies of tiny fractions of a 
millimetre on a typical dimension conversion. Some are equipped with micrometer-
style adjustment that allows very high precision.  
Many surviving historical proportional dividers are typically 9’’- 12’’ in size, but much 
larger dividers are known (Plate 2) and they are ideal for direct calculation of 
fretting for long scale-lengths.  
 
 

 
Plate 2: Large proportional dividers in brass and steel. French, late 17th early 18th C. 67 cm long. 
(Image from Le Zograscope on fleaglass.com) 
 
 
 

 
Plate 3: Detail of scale markings on dividers in Plate 2 (image ex: Le Zograscope) 
 
 



Apparatus 
For this article I made a simple experimental proportional dividers from 5mm x 
25mm wood about 650mm long, with 1mm diameter veneer pins for points and with 
a bolt setting for the proportion of 18:1 at the long and short divider points 
respectively (Plate 4). A setting of 18 inches at the long-points therefore 
automatically reads 1 inch at the short-points. I used a scale length of 600 mm for my 
experiment, but it was not necessary to know the units or measured value as the 
dividers do all the work. 
 

 
Plate 4: User-made proportional dividers with 18:1 setting. 
 
Method 
(Presented in instructional form for convenience) 
1 Draw a straight line (e.g. on your working drawing) and mark off your total desired 
scale-length, noting one end as the ‘nut’ and the other as the ‘bridge’ datum point. 
2 Open the dividers and set the long-points to the full scale-length dimension. 
3 Without disturbing the setting, uplift the dividers and from the nut, mark off the 
first fret of your scale using the short-points of the dividers, which will now be at 
1/18th of the total scale-length. Most proportional dividers have an adjustable 
tensioning screw/clamp to ensure stability of a chosen setting and thus accuracy 
when transferring measurements. 
4 Reset the divider’s long-points from the bridge datum to the now shortened scale –
length (i.e. the full scale-length minus the first fret distance). 
5 Without disturbing that setting, uplift the dividers and mark off the second fret 
from the first fret position again using the short-points. 
6 Reset the divider’s long-points from the bridge datum to the second fret position 
(i.e. the full scale-length minus the two first frets). 
7 Without disturbing the setting, uplift the dividers and mark off the third fret from 
the second fret position using the short-points. 
8 Repeat the process until enough frets are determined. 
 
Readers will observe that the residual scale-length is being repeatedly divided by 18 
as each fret is determined and marked off. 
 
Smaller proportional dividers can work with large dimensions and scale-lengths that 
exceed the opening span of the legs. In that case, as with the Sector, it is necessary to 
work with a convenient fractional proportion of the length in question. Therefore, an 



18’’ scale-length may be reduced to ½ or 1/3rd of its value (i.e. 9’’ or 6’’) and the same 
method and procedure applied as above on the shorter scale-length. However, to 
determine the ‘full size’ frets of an 18’’ scale, the short-point dimensions derived must 
be doubled or tripled accordingly when marking out on the full size scale-length.  
For example: a first fret size, determined on a 9’’ long-point setting yields 1/2’’ at the 
small-points. That dimension would need to be ‘stepped out’ twice on a full size 18’’ 
scale-length to mark the first fret, but a 9’’ scale length would continue to be used for 
the subsequent measuring and conversion. 
 
Results 
Using the experimental dividers tool and the method described on a 600 mm scale-
length, I achieved an accuracy of minus 1.00 mm to the ideal octave point (12th fret). 
Compared with a mathematically derived scheme, the other fret positions were easily 
within experimental error and good enough for an equal tempered scale with either 
fixed or tied frets. See Table 1 below9. 
  
Conclusions 
Equal temperament fret determination by the ‘Rule of 18’, is a straightforward and 
quick process using large proportional dividers10.  Smaller dividers can be used by 
working with a simple fractional proportion of the actual scale length. 
 
Compared with the Sector, the proportional dividers seem potentially less accurate 
generally due to possible user error, or imprecision of the instrument settings. The 
Sector is a more stable, precise tool capable of interpolating divisors to a finer degree 
and allowing refined adjustments to gathered data in real time.  
 
On examining historical instruments with fixed frets, or fret marks, it is possible to 
check if the luthier applied the Rule of 18 consistently by measuring any fret size (i.e. 
the distance between any two adjacent frets) and comparing that with its relationship 
to the relevant portion of the scale length. For example: measure a distance of x mm 
between frets 3 and 4. Check if that value is 1/18th of the scale-length measured from 
fret 3 to the bridge. Repeat for other sample frets to verify any conclusions drawn. 
 
We like to infer or discover what equipment and methods were used by early luthiers, 
but as yet we have no specific early documented evidence of how equal temperament 
fretting was generated practically, during instrument design and manufacture, or 
how widely the Rule of 18 was accepted and applied. However, this article and 
experiment demonstrates the Rule’s ease of practical application using even the 
simplest equipment and no special skills or maths. 
 
 
 
Chris Egerton. August 2021  
chris.egerton@network.rca.ac.uk  
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                                Plate 5: Leonardo’s proportional dividers (see note 4) 
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that adjusts the pairs of points ( referred to as ‘long’ and ‘short’ points) to the required proportion.  
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some museum catalogues, which may also confuse, but the Sector has a hinge/pivot at one end and 
looks much like a two-armed folding ruler. 
3 Chris Egerton ‘Equal temperament fret position determination using a Sector’. FoMHRI Quarterly 
155.  Comm 2161.   A Lute Society affiliated publication. October 2021. 
4 Leonardo da Vinci  ‘Problèmes de Géométrie et d'Hydraulique…’.  Edouard Rouveyre, editeur, Paris 
1901. Feuillet no. 4.  p36 (See Plate 5).  Digital copy sponsored by Getty Research Institute. 
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7 D.J. Bryden ‘Evidence from advertising for mathematical instrument making in London, 1556–
1714’. Annals of Science, Vol 49 (4), pp 301-336.  Taylor & Francis 1992.  
DOI:10.1080/00033799200200281 
https://www.tandfonline.com/doi/abs/10.1080/00033799200200281 Accessed 5 August 2021 
All archives and current issues of Annals of Science are available online. 
8 Thomas Hood, Galileo and Edmund Gunter all published their own designs and manuals for the 
Sector between 1598 and 1623. 
9  Results, Table 1: Math derived vs proportional dividers derived fret positions from the nut in mm.  
   600mm scale length 
 

Fret 1 2 3 4 5 6 
Math 33.33 64.81 94.54 122.62 149.14 174.18 
Expt. 33.00 64.00 93.50 121.50 148.50 173.25 

 
7 8 9 10 11 12 
197.84 220.08 241.28 261.20 280.02 297.80 
198.00 220.50 241.50 261.50 281.00 299.00 

 
10 A twelve-fret sequence took about 15 minutes to generate. 
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FoMRHI Comm 2165        Adrian Geisow 

Fingerboard geometry - further comments on Comms 2143 & 2153 
 
David van Edwards1 has suggested that I comment on the mathematics of fingerboard 
geometry discussed in 2143 & 2153; in particular the derivation of an ‘ideal’ shape of scoop 
or relief along the line of a string, to allow for low action when playing.  
 
First though we should discuss a common misconception about fingerboard shapes.  Given 
that the fingerboard on a string instrument should presumably lie as close to the strings as is 
practical, to minimise the effort in playing, we first consider the shape of the (virtual) 
surface in which the strings themselves lie and derive the optimum fingerboard shape from 
that. 
 
A confusion of cones… 

In 2143, Munck2, along with many othersa, makes a common assumption that if the string 
ends at the bridge and the nut both lie on circular arcs, then the surface that joins them is 
conicalb (or cylindrical if both radii are equal), and that therefore this should be the 
approximate shape of the fingerboard. Munk then points out that the strings may not align 
with this presumed cone and from this explains a ‘scoop’ in the fingerboard, presumably 
observed in the 1619 Jaye he discusses. The misconception is well described by Jaen3, but I 
will summarise the key points here. 

The actual surface we want is called a ruled surfacec, where each point on one curve is 
joined to a corresponding point on the other by a straight line – the strings on an instrument 
following a handful of these lines. To see the whole surface, add more and more strings in 
between the usual ones to gradually fill in the spaces.  

An equivalent approach that explains the name would be to lay a straight edge on both 
curves, and then smoothly drag it over both – the surface traced out by the straight edge is 
a ruled surface. In principle one could start with the straight edge joining any two arbitrary 
points on the curves and move each end at an arbitrary and perhaps varying speed, so there 
are an infinite number of different ruled surfaces passing through the two curves. 

Cones and cylinders are but a small subset of the set of all ruled surfaces – and we can 
choose any convenient curve for the bridge, and any other for the nut, independently, and 
then choose how to connect them, and we end up with a coherent surface in which all the 
strings lie.  The key point is that although such a surface may appear ‘scooped’ from some 
angles, it is perfectly straight along the strings, by definition – remember here we are 

 
a an online search for ‘conical’ or ‘compound radius’ and ‘fingerboard’ or ‘fretboard’ generates a lot of results. 
b Note that ‘cone’ is often taken to mean a very specific ‘right circular cone’ – to quote Munk “imagine [a…] 
parking cone”.  For a right circular cone, the circular arcs lie in a plane orthogonal to the cone’s axis – whereas 
circular sections measured along a fingerboard surface will be orthogonal to the surface, rather than to the 
imagined cone’s axis, and thus at an angle to said axis - so any such cone would have an elliptical rather than 
circular section.   
c Jaen appears not to have known of the term ‘ruled surface’, but the CAD system he used implemented them. 



describing the surface in which the strings lie.  The same can be said for the fingerboard – if I 
draw a curve offset from that of the nut, to correspond to the desired fretting height, and 
another offset from the bridge curve, and then drag my straight edge over these curves, I’ll 
trace out another ruled surface which could be the fingerboard. Munck points this out: “it is 
easy to check the geometry of the fingerboard by holding a straight-edge precisely along the 
trajectory of each of the strings”   

We can see that any ‘scoop’ that is observed in the fingerboard, when checked by holding a 
straight edge in line with the strings, is nothing to do with the geometry implied by cones, 
upside down or not.  An exaggerated example of the geometry described by Munck, with a 
smaller radius bridge than at the nutd, is shown in figure 1. We can see that the straight 
‘string’ lines do not intersect at a common point, so the surface, though well defined, is not 
any kind of cone; nor is there any ‘scoop’ along the strings. 

 

Figure 1 

 
d This geometry is used on some modern instruments, for example the electric bowed instruments from NS 
Design11.   



Whatever the desired curves at bridge and nut, a ruled surface is an entirely natural 
consequence of a straightforward way of making a fingerboard: after any rough shaping, the 
maker planes, or sands, along each string trajectory, giving a straight facet under each 
string, then blends these together.  Fingerboards can even be twisted, with claimed 
ergonomic benefits4,5. 

Optimising the fingerboard 

Now for instruments with significant amplitude of string vibration – particularly long, bass 
strings on instruments such as viols, cellos etc. – we will find that a ruled surface is slightly 
sub-optimal. To have sufficient clearance when stopping the string near the nut, we will 
have too much clearance near the bridge end. This is where a deliberate ‘scoop’ is desirable, 
to minimise that action further up the fingerboard whilst retaining sufficient clearance to 
enable the string to vibrate freely. As far as I can tell, this has mostly been implemented by 
makers’ rules of thumb – for example Kwan6 surveyed several violin makers for 
measurements of their instruments, but to no great conclusion. 

In ~2008, David van Edwards asked me if there was an ideal shape for this scoop. A 
simplified presentation of this follows, considering the shape along the path of an individual 
string. 

Problem statement 

Given a string stretched between nut and bridge anchoring points, what is the optimum 
shape of the fingerboard curve (f in figure 2) such that the string always just clears the 
fingerboard when vibrating, wherever it is fretted? 

 

Figure 2 

Assumptions 

We assume an ‘ideal’ string – infinitely thin and flexible, and that the pluck force is set at 
some fixed maximum for practical purposes. The shaded areas represent the maximum 
extent of string motion. For fretted instruments, the curve f represents the line through the 
top of the fret surfaces. 

nut bridge 
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f 
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Analysis 

It is clear from figure 2 that the fingerboard curve f must always clear the shaded grey 
vibration extents to avoid buzzing.  The optimal curve is therefore the total envelope of 
each of these extents considered together, as the fretting point moves along that curve. This 
means that the tangente to the fingerboard curve at the fretting point should be aligned 
with the tangent to the lower portion of the vibration extent at that point. As illustrated 
above, the curve f could be made shallower without impinging on the string vibration; if the 
tangent to f were to be above the vibration tangent, the string would hit the curve.  

So we need to find an expression for the vibration tangent at each point on the curve, as 
this will determine the shape we require. 

Extent of vibrating string 

Figure 3 

Consider the string above of length L, at tension T, and plucked (or bowedf) at a distance x 
with a force p.  The deflection d(x) will be given by balancing p against the tensiong in the 
string, i.e. when 

𝑝𝑝 = 𝑇𝑇
𝑑𝑑(𝑥𝑥)
𝑥𝑥

+ 𝑇𝑇
𝑑𝑑(𝑥𝑥)
𝐿𝐿 − 𝑥𝑥

 

We can rearrange this to give 

𝑑𝑑(𝑥𝑥) =
𝑝𝑝(𝐿𝐿 − 𝑥𝑥)𝑥𝑥

𝐿𝐿𝑇𝑇
   (1)  

which is a parabola with a maximum deflection of  𝑝𝑝𝑝𝑝
4𝑇𝑇

 

No matter how the string vibrates once plucked, the maximum possible deflection at any 
point x along the string is given by the equation d(x), independent of where we initially 
plucked, as to do so would require more energy than has been put in by that pluck. 

Using approximate values for an example classical guitar string, T=62N, L=0.6m, p=1N (about 
100g), we see the maximum deflection is about 2.4mm (figure 4). For most playing styles, 
most of this displacement is from side to side, rather than up and down; here we need only 
consider the component of the displacement towards the fingerboard – this will typically be 

 
e ie the slope of the curve. 
f For this analysis, we can regard bowing as repeated plucking as the string sticks and then slips against the 
bow. 
g We ignore the very slight increase in tension caused by the string’s deflection. 
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a rather smaller value. After release, the kink in the string initially at the pluck point bounces 
back and forth along the string, gradually reducing in amplitude (until the next pluck or 
stick/slip). This motion is not intuitive but has been shown by high-speed filming7,8. 

 

Figure 4 

As it is the tangent that we need, this is given by the derivative of equation (1): 

𝑑𝑑′(𝑥𝑥) =
𝑝𝑝(𝐿𝐿 − 2𝑥𝑥)

𝐿𝐿𝑇𝑇
  

Which at x=0 is 

𝑑𝑑′(0) =
𝑝𝑝𝐿𝐿
𝐿𝐿𝑇𝑇

=
𝑝𝑝
𝑇𝑇

 

We have the rather nice result that the derivative at each end is just the ratio of the 
plucking force to the tension in the string, regardless of the length of the string.  This means 
that the angle ϴ on the first diagram has the same value, wherever we fret, and is just a 
function of this ratio. From now on we’ll call this ratio R, as for the purposes of this analysis 
we don’t need to vary both p and T. 

In the original version of this paper, I made rather heavyweight use of some mathematics 
software to derive the resulting fingerboard shape, which can be expressed in parametric 
form as follows: 

𝑥𝑥(𝑡𝑡) = −𝑒𝑒−𝑡𝑡𝐿𝐿 cos(𝑅𝑅 (−𝑡𝑡));               𝑦𝑦(𝑡𝑡) = 𝑒𝑒−𝑡𝑡𝐿𝐿 sin(𝑅𝑅 (−𝑡𝑡)) 

where we use -t as the parameter as that conveniently gives us the nut position at x = -L at 
t=0 and the curve spirals towards the bridge at x = 0.  The exaggerated curve is shown in 
figure 5 for L = 1m, and R set to 2 (implying a plucking force of twice the string tension!).  

 

Figure 5 
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This curve is known variously as the logarithmic spiral, spira mirabilis or equiangular spiral, 
and is commonly seen in the spiral growth of shells. It is this last name that gives us the clue 
to a more straightforward derivation – it is called equiangular as the line drawn from the 
origin to any point on the curve always makes the same angle with the curve at that point.  
We could have simply observed that the requirement for a constant value for the tangent to 
the vibration extent directly implies this spiral.  A more realistic example plot is given in 
figure 6 for an R value of 0.02, i.e. a pluck force of 2% of the string tension. In this case the 
maximum distance from the open string line to the fingerboard surface is about 4.4mm. 

 

Figure 6 

 Notes 

The curvature steadily increases towards the bridge. I’ve only plotted up to 15cm from the 
bridge, as that would correspond to the 24th fret position; the y scale is exaggerated.  The 
curve is fairly flat before the 18/19th fret position – a straight edge laid between the nut and 
the 19th fret position would show a maximum deviation of ~1mm for this plucking 
force/tension ratio. Of most interest is that the scoop is concentrated at the bridge end of 
the fingerboard. For instruments such as guitars, the slight bend in the neck induced by the 
string tension usually gives plenty of curve – modern steel strung guitars use a truss rod 
which can be tightened to reduce this bend.  

Caveats 

This was for an ideal string; real strings are stiff and have appreciable thickness. Stiffness will 
restrict the range of motion relative to the ideal case, so this analysis should be on the safe 
side.  To account for string thickness, we should offset this curve by half the string diameter, 
but this will have a negligible effect for normal string thicknesses. 

Prior work 

The use of the logarithmic spiral has been proposed before, but I’ve not been able to find a 
coherent presentation in the literature. The closest is Liu Jingye9, who assumes that a 
constant angle between stopped string and fingerboard is desirable (versus a ‘straight’ 
fingerboard, where the angle will increase as one moves up the board) but does not justify 
the why a constant angle is desirable. Interestingly Segerman10 in FoMRHI 71 compares 
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straight, parabolic and logarithmic spiral shapes, again stating that the latter gives a 
constant angle between string and fingerboard, but again does not justify why that is 
appropriate. He also refers to ‘inharmonicity and energy extraction expanding the vibration 
envelope’ – it seems to me that such factors would if anything limit the envelope, but I may 
be missing something here. 
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FoMRHI Comm. 2166 Barry Pearce 
 
Measuring Presence: handling ambiguity and uncertainty in iconographic survey 
The world of iconography is messy. Really messy. It is full of ambiguity and uncertainty. It is 
therefore somewhat surprising that surveys of iconographic depictions produce such neat data 
using simple integer counts. In this article I will focus on the mechanics of analysis, how 
existing methods affect the results, and present an improved measurement and method to 
better reflect the real-world, accounting for ambiguity and uncertainty. 
When performing iconographic survey we typically decide on a number of features we are 
interested in, and identify a number of variants of those features. We then proceed through the 
sources, examining each depiction (a source might include multiple depictions), and maintain 
a simple tally of how many depictions show each variant. If we choose to look at number of 
strings on bowed string instruments in the medieval period it would probably not be long 
before we met a depiction where one end has 4 strings, somewhere in the middle having 
wiggled around, one of the lines disappears, merges or splits and the rest of the instrument has 
3 or 5 strings. How does this fit into our tally? What if instead of the middle it was mostly 3 
(or 5) but a part of the string path shows 4? 
We need a mechanism by which we can express certainty, so that we can meaningfully discuss 
it. Percentages, or ranges such as 1-10 are popular choices to express certainty, but do they 
have discernible meaning?  What is the material difference between 61% and 62%? Or 
between 6 and 7? These scales suffer from being arbitrary choice. Having started with what 
we thought was a balanced decision about certainty, the more examples we see the more we 
refine our judgement, potentially invalidating our earlier choices. Do we actually need a one 
hundred point precision? Do we need a ten point precision? 
If we are seeking truths rather than opinions, we should aim to reduce human factors 
influencing our analysis. The more we are relying on arbitrary decision making the more 
divergence there will be between observers. Should multiple observers perform the same 
analysis, the greater the choice for expressing uncertainty, the greater the variation in the 
results. What we need is a mechanism that can be easily expressed, where the definitions 
provide the necessary guidance to make an informed decision, such that multiple observers 
are likely to make the same choice, thus reducing the influence of the observer. We can 
achieve this using just three categories: 
Table 1: Categories of certainty 

Category Definition 

Definite The depiction is clear and does not indicate other possibilities. 
Probable The majority of the visual information indicates a most likely 

possibility, but there is an element of doubt such that we cannot 
be definite, or there are other possibilities indicated. 

Possible The visual information matches a given variant, at least in places, 
but there is significant doubt about the depiction (such as being 
particularly feint) or it is simply one of multiple possibilities and 
we do not feel that this possibility is more likely. 

In this example scenario we are analysing a particular feature of a specific instrument type 
across 7 depictions and have identified that there are 4 variants. Using our mechanism for 
describing certainty we observe the following. 



Table 2: List of observations 

Depiction Observation 

1 Variant A Possible 
Variant B Probable 

2 Variant B Definite 
3 Variant C Possible 

Variant D Possible 
4 Variant C Possible 
5 Variant D Definite 
6 Variant B Probable 
7 Variant C Possible 

Typically the analysis uses a simple integer count system (tallies). Each depiction of our 
feature results in one variant count being incremented. The advantage of this system is 
simplicity. It is easy to use, no post-processing is required. No matter how large the data set 
the storage requirement is constant and minimal. Each time a count is incremented the state of 
the counts reflects the cumulative result. Error detection is a simple cross reference between 
the total of the counts and the total depictions. In general individual observations are not 
recorded. This system was popular before the extensive use of computing and has remained 
so, particularly where researchers are using spreadsheets.  
Depictions 2 and 5 are straightforward and there is no issue about which variant’s count we 
should increment. But how do we handle the ambiguity and uncertainty present in all other 
cases? We have a number of strategies available: 

Ambiguous count We can accept the ambiguity and increment the counts 
associated with all the variants that are present. Uncertainty is 
ignored. This strategy breaks the relationship between total of all 
counts and the number of depictions. 

Grouping This strategy groups variants together so a single count now 
covers multiple variants. This is particularly useful if the 
variants are identified by highly variant data such as real 
numbers rather than discrete values, as the number of counts we 
have to manage is reduced. Ambiguity is handled only where the 
group contains all possibilities present in the depiction.  
Uncertainty is ignored. This strategy can have a negative impact 
on analysis due to the preemptive aggregation of data, reducing 
the resolution of the final result. In the modern computing 
environment this strategy is less relevant. 

Partial Exclusion Where a depiction is ambiguous we shall choose the observation 
that is Probable ignoring the other possibles. If a single Possible 
exists it is used. If multiple Possibles exist with no Probable it is 
excluded. This relies on having a mechanism in place for 
expressing certainty to execute the exclusion. 

Exclusion Where a depiction is ambiguous or uncertain (anything other 
than Definite) we shall simply exclude it from the analysis. 
  



Arbitrary decision This is used where there is no mechanism in the analysis for 
expressing certainty. Different observers will come to different 
conclusions, and the final results may vary significantly. 
Potentially our historical understanding may change purely 
because of which observer does the analysis. This is a highly 
undesirable scenario. It is highly susceptible to bias, and it is 
even possible that the same observer may reach a different 
conclusion when repeating the analysis. 

Although not practical to simulate arbitrary decisions, we can work through our example data 
to see how the other strategies influence the analysis. 
Table 3: Comparison of strategies 

Variant 
Ambiguous counts Exclusion Partial Exclusion 

Counts % of 
Depictions Counts % of 

Depictions Counts % of 
Depictions 

A 1 14.29     
B 3 42.86 3 75.00 3 50.00 
C 3 42.86   2 33.33 
D 2 28.57 1 25.00 1 16.67 

Total 9 128.57 4 100.00 6 100.00 

Total depictions considered: 7 

Using all three strategies resulted in clean data. No strategy truly reflects the observations, 
and the results vary significantly. Each distorts our understanding of the historical evidence. 
How much skew occurs depends on the particular strategy used and how ambiguous/uncertain 
the source depictions are. The more ambiguity and uncertainty the larger the skewing effect. 
This situation would not change with arbitrary decisions, especially given the vulnerability to 
bias. If we look at depiction 3 an arbitrary decision would promote one observation to 
Definite and the other would be excluded! 
Many surveys avoid the use of the above strategies during analysis because 
ambiguous/uncertain depictions do not make it into the data set in the first place. There are 
two types of selection criteria, source criteria, based on source metadata such as place of 
creation, dating etc. and depiction criteria where the selection is based on the observable 
depictions present in the artwork. As the number of criteria increase the data set size reduces. 
It is a fairly common and much favoured practice to use exceedingly narrow criteria as this 
reduces the work required and avoids sources which are perceived as not having any value in 
the results. This is not entirely correct because the narrower the data selected by the selection 
criteria the less understanding we have of the context of the analysis results. 
When the depiction criteria include the feature to be analysed inclusion filtering can occur. 
This filtering typically excludes depictions which do not show the feature, where the 
depiction is lacking detail, or where image resolution is poor, or where the depiction is not 
simply deemed not worthy for some reason. It can include an arbitrary decisions whereby the 
depiction is included or excluded knowing the eventual resolution (effectively performing 
partial exclusion). Such highly subjective, preemptive filtering has a significant capability to 
skew the results, and is highly susceptible to bias. The bias of the observer can be hidden by 
the very nature of the process.  The analysis results will perform similar to arbitrary decisions 



or partial exclusion. 
Given the relatively poor performance of all these strategies it is surprising that they have 
been relied upon for so long. 
One might suggest that in such small data sets large variation is to be expected. Whilst this is 
true to a degree, the variance in the results is directly proportional to the amount of ambiguity 
and uncertainty present in the data set, not the size of the data set. Even a large data set can be 
adversely affected, and we frequently need to analyse small data sets. My research in bowed 
string instrument iconography for the period 900-1499 CE currently has a corpus of around 
2500 depictions. If we wish to analyse the features of one particular instrument type we have 
around 73 depictions, or instruments seen in a particular playing position yields around 36 
depictions. Reliable small data set analysis is critical. 
Can we do better? Undoubtedly. 
The problems are caused by our methods, not by the iconography. When we design methods 
we must understand the nature of the data and take that into account in a meaningful way, so 
that our results better represent the sources. We need to embrace ambiguity and uncertainty 
wholeheartedly. A new strategy alone is not enough, because the aim to produce a figure that 
represents a simple “variant X is shown in Y percent of depictions” is unrealistic and is at the 
heart of the problem. Not only are our existing strategies flawed, so is our objective. Reality is 
just not that simple. Surely it is time to recognise this? 
A new measurement: Presence 
Presence reflects the occurrences of a given variant in the data set, taking into account 
frequency, ambiguity and uncertainty. The method by which it is arrived at handles both large 
and small data sets, and produces reliable, meaningful results even with high levels of 
ambiguity and uncertainty. 
This is a two-phase approach. In phase 1 we record individual observations, in phase 2 we 
process the observations to obtain our results. Recording individual observations has the 
advantage that each can be reviewed, even discussed. We can repeat this phase many times on 
the same data by the same or different observers and can compare where observations differ. 
With multiple sets of observations we can perform some interesting processing across the 
observation data sets to obtain a macro analysis. Although tempting, observations should be 
performed without knowledge of their affect on the results (or the observations of other 
observers) to minimise potential observer bias. 
Each observation is recorded with the variant and one of the three categories of certainty as 
shown in Table 1: Categories of certainty. For each depiction each variant may only be 
recorded a maximum of once. Furthermore, for most types of data analysis multiple Definite 
values do not make sense. In these situations we would apply the following constraints: 

• one Definite; or 

• one Probable, zero or more Possibles; or 

• one or more Possibles. 
In phase 2 we use real number counts for each variant and increase the counts by the value 
assigned to the observations. A maximum value of 1.0 in total may be assigned to the 
observations for a single depiction. Ambiguity is handled by splitting the value between the 
observations. Uncertainty will reduce the assigned value.  
  



We use the following algorithm to determine the value to assign to each observation. 

• Definite is assigned 1.0 

• Probable is assigned 0.75 if it is the only observation, or 0.60 if there are any Possible 
present. The reduction in the assigned Probable value where Possibles occur reflects 
the further uncertainty of the Probable introduced by existence of Possibles. 

• Possible. The maximum value of any possible is 0.40. If multiple possibles exist for a 
given depiction then the available assignable value (1.0 if no Probable observation, 
0.4 if there is) is divided equally, and the individual assigned values capped at no more 
than 0.40.  

This use of 0-1 to reflect certainty is typical in statistics. Let’s examine a number of scenarios 
to see how the value is assigned. 
Table 4: Value assignment scenarios 

Observations Values assigned Notes 

1 Definite 1.0  
1 Probable 0.75  
1 Probable, 1 Possible 0.6 for the Probable 

0.4 for the Possible 
 

1 Probable, 2 Possibles 0.6 for the Probable 
0.2 for each Possible 

 

1 Possible 0.4 Only 0.4 is assigned. 
2 Possible Each 0.4 Only 0.8 is assigned as both 

values were capped. 
3 Possible Each 0.333  
4 Possible Each 0.25  

Whilst 1.0 is the total available to assign the situation may cause less than 1.0 to be assigned. 
This simple algorithm does not use complex mathematics, does not require computer 
programming or databases, and may be implemented manually or in spreadsheets. Returning 
to our initial example let’s see what values are assigned to each of the observations. 
Table 5: Recorded observations and values assigned during phase 2 processing 

Depiction Observations recorded Assigned value 

1 Variant A Possible 
Variant B Probable 

0.4 
0.6 

2 Variant B Definite 1.0 
3 Variant C Possible 

Variant D Possible 
0.4 
0.4 

4 Variant C Possible 0.4 
5 Variant D Definite 1.0 
6 Variant B Probable 0.75 
7 Variant C Possible 0.4 



This yields the following results. 
Table 6: Analysis results 

Variant Number of 
depictions 

observed on 

Total observation 
value 

Presence 
(% of total 
available) 

Mean certainty 

A 1 0.40 5.71 0.40 
B 3 2.35 33.57 0.78 
C 3 1.20 17.14 0.40 
D 2 1.40 20.00 0.70 

Total n/a 5.35 76.43 n/a 

Total depictions considered: 7 

Presence is the percentage of depictions, reduced for ambiguity and uncertainty. If the data set 
contains no ambiguity or uncertainty, the result will be the same as simple integer counts and 
Presence will equal percentage of depictions. It is important that Presence is calculated as a 
percentage of the total assignable value (which happens to be the number of depictions!) not 
the total of the values that were assigned. 
The most striking aspect of the results is how close they reflect the observations. Even with an 
incredibly small data set with high levels of uncertainty the method produces balanced 
meaningful results. Compare the Presence figures in Table 6: Analysis results with the 
percentage of depictions in Table 3: Comparison of strategies. We can see that variant B and 
variant C both were seen in 3 depictions, yet the Presence for B is almost double that of C. 
The mean certainty illustrates how uncertain we were when variant C was present. 
We can enhance the contextual understanding of our findings, and reduce human influence 
and bias by reducing the selection criteria for the data to be analysed, such that as much of the 
corpus as possible is included. To avoid inclusion filtering the data set selection criteria 
should not include the feature to be analysed. Although this will include more depictions in 
our analysis, far from being a waste of effort, this additional data provides us contextual 
understanding. Of course there are trade-offs to be made, but I believe the added context and 
reduction in selection bias is invaluable. 
To support the wider context of the analysis we must add some pseudo-variants so that we 
may record depictions that are not clear, or where the feature is not depicted. The following 
variants should be added to our list. 
Table 7: Pseudo-variants 

Category Definition 

Not Clear The depiction is not clear enough either in creation or image 
resolution to enable the possible variants to be enumerated. 

Not Depicted The feature is not included in the depiction. For instance, its 
expected location is hidden by something else being depicted, or 
it would appear outside the extent of the work. This frequently 
happens on instruments where part of the instrument is depicted 
as being behind something else. 

Further pseudo-variants may be used to ensure that as much as possible of the corpus is 



considered, such as Not Played where playing position of an instrument is being considered. 
These pseudo-variants should not be confused with ‘None’ as a variant (for instance if 
analysing frets). Taking our example further, let’s add 5 more depictions, 3 where the feature 
is not depicted, 2 where it is unclear. Our results now look like this. 
Table 8: Analysis including pseudo-variants. 

Variant Number of 
depictions 

observed on 

Total observation 
value 

Presence 
(% of total 
available) 

Mean certainty 

A 1 0.40 3.33 0.40 
B 3 2.35 19.58 0.00 
C 3 1.20 10.00 0.40 
D 2 1.40 11.67 0.70 

Not Depicted 3 3.00 25.00 1.00 

Not Clear 2 2.00 16.67 1.00 

Total n/a 10.35 86.25 n/a 

Total depictions considered: 12 

The pseudo-variants provide greater context for the analysis, and Presence now reflects a 
variant’s place in the corpus. When presenting Presence figures it should always be clear 
whether the the analysis is with or without pseudo-variants. 
To provide real-world insight, I have an analysis of string configurations of bowed string 
instruments in the period 900-1499 CE in progress. Of 1385 depictions analysed so far, 233 
are not clear, and 125 did not depict the strings. Of the remaining 1028 depictions, 166 were 
ambiguous/uncertain (16.1%). Of the 1141 observations made for these 1028 depictions, 866 
were Definite, 137 Probable and 138 Possible. Thus 24.1% of observations recorded 
uncertainty. The levels of ambiguity and uncertainty in actual research data sets is significant. 
We have seen how attempting to express percentage of depictions as a measure of frequency 
of a variant in an iconographic data set is flawed, and simple tallies may result in 
misinformation skewing our understanding of history, undermining the purpose of research. 
Despite unsatisfactory performance, knowing the process we have followed lures us into a 
false sense of confidence in our results. 
Using Presence improves on these methods, providing us with a reliable measurement that 
performs equally on large and small data sets, regardless of the level of ambiguity and 
uncertainty in the data set. The analysis better reflects the observations and provides greater 
insight and understanding of the iconography. 



FoMRHI Comm 2167       Thomas Munck 
 
Viol fingerboards: a response to Comm 2153 
 
I am very grateful to David van Edwards for questioning (comm 2153) my evidence 
regarding the shape of early English viol fingerboards (raised in Comm 2143). He asks on 
what basis I made my point about Jacobean viol fingerboards being shaped like a segment 
of an inverted cone, with the nut having a larger curvature-radius (relatively more flat) than 
the bridge, and the fingerboard therefore requiring careful scooping to achieve a 
comfortable and even action especially on the outer strings. He asks whether that 
observation is based on the Henry Jaye bass viol (1619) in the RCM in London.  I should 
have made that clear: yes, the Jaye does indeed match my description.  But as we both 
recognise, fingerboards and necks can fairly easily be altered, even if they appear to be 
original. And since most other seventeenth-century viols no longer have their original neck, 
and none have an original bridge, drawing general conclusions is difficult.  
 
As David van Edwards notes, Christopher Simpson made uniquely explicit observations on 
this subject, both in his first edition of 1659, and in more detail in the second edition of 
1665. The two versions of his own diagram are not the same: in the first, the fingerboard 
curvature remains constant (cylindrical), but in the second version it becomes a cone with 
a tighter radius at the nut. Assuming the second was a corrected version, we might 
examine it more closely. 
 

 
 
 
Both diagrams suggest that Simpson was recommending a bridge, fingerboard and nut 
geometry contrary to that which I described, and his 1665 version more so than the first. I 
have pencilled in the radii of each of the curves in the 1665 diagram (measured from my 
facsimile copy), showing that Simpson's recommended bridge would have a curvature 
radius of c.81 mm, the end of his fingerboard c.75mm, and the top of the fingerboard 
under the nut c.65mm (and so probably around 66.5 mm for the string-band passing over 
the nut) -  that is, his fingerboard would describe a segment of a cone converging to a 
point above the scroll.  That kind of geometry might not require much scooping to work 
reasonably well.  However, one might also note that his curve CD, representing the lower 
end of the fingerboard, will be located two thirds of the distance from nut to bridge; yet for 
the string-band itself to have sufficient and consistent clearance there, the end of the 



fingerboard CD would actually have to have a slightly tighter radius than the string-band 
above  -  something his diagram appears not to allow for. 
 
Whatever you make of either of Simpson's two different diagrams, he was clearly 
recommending a fingerboard-geometry which is at odds with the Jaye viol of 1619.  
Perhaps he just didn't like the rather flatter nut of the Jacobean viol;  or perhaps he had 
long enough fingers to reach round all the strings for the chords he writes in his divisions  -  
often in precisely the area of the fingerboard nearest the nut, where his geometry would 
make clean fingering more difficult. My own explanation is different, however, and that is 
why I did not cite Simpson's diagram in my original piece.   
 
There is no evidence that Simpson was himself a viol maker, and his remark next to his 
diagram, that "viol-makers may take notice thereof", suggests that he was not. Equally 
revealing is his oft-quoted comment on the previous page, that viols shaped like a violin, 
with bellies carved from a "plank" rather than made from heat-bent staves, commonly 
render a sound which is "quick and sprightly, like a violin": a statement which many makers 
and players nowadays would regard as questionable.  In any case Simpson was writing 
forty years after the Jaye viol, and as I mentioned later in my comm, may well have written 
for a readership adapting to the newer styles of playing around 1660. 
 
However, one might also question whether his observations, as represented in the 
diagram, were accurate in the first place. If you look down a viol fingerboard from above 
the scroll, you might readily assume it is a cone widening towards the bridge, and hence 
jump to the conclusion of concentric curvatures roughly similar to Simpson's.  Accurately 
measuring the changing radii of the fingerboard, all the way from the nut to the end, is 
time-consuming:  you have to take all the strings off, and then check the fingerboard 
against a set of templates each, cut accurately to a specific radius. Any scooping will be so 
fine that it will not be readily visible to the naked eye, so you also have to remove the frets 
and place a straight-edge along the line where each string would be. Measuring the 
curvature of the nut itself, and the bridge, is of course much easier. But without making 
such detailed measurements, any observer may at a glance make the same assumptions 
as Simpson  -  at most perhaps noting that the bridge might appear slightly lower under the 
upper strings than under the bass strings (so not quite matching the radius of the end of 
the fingerboard), in order to compensate for the wider amplitude of bass string vibrations.  
 
Arguing that Simpson simply had not measured his fingerboard accurately may seem 
rather high-handed.  But if he was not a maker, himself, he would not have had to consider 
the practical implications in sufficient detail. His statement that the fingerboard must be 
"exactly smooth and even" is a wording that would fit any good fingerboard, whatever 
design was used. And if he himself played a well-made instrument, there would have been 
no particular reason for him to acquire the extra skills in geometry and fine measurement 
needed to give an accurate description of how the best viol fingerboards were really 
shaped. Indeed, the person who made his viol might not have consciously thought of the 
fingerboard in theoretical or mathematical terms at all: more likely, he would have learnt 
from empirical experience what kind of refinements in shape could help create the best 
action. 
 
Thomas Munck 



FoMRHI Comm 2168           Ian Pittaway 
 
The ‘plucked giga’: a medieval musical mystery  
 
It wasn’t until the second half of the 1970s that previous confusion about medieval 
plucked instruments was cleared up and clarified. Until then, the gittern was confused 
with both the citole and the mandora, for example, and the cetra was still not known to 
exist at all. On this journey of musical and historical discovery, there are still some 
instruments that have yet to be identified. One is seen in 12th–14th century manuscripts 
and in a carving in Lincoln Cathedral. For the purpose of this feature, it is called the 
‘plucked giga’. This article sets out the little that is known and appeals for any leads that 
may help in its identification.   
 
The giga 
 
The giga or gigue was a medieval 3 string bowed instrument played da gamba. The body 
outline of a giga was a figure of 8 with a gently curved waist, as we see below left from the 
Worms Bible, 1125-75 (Frankenthal, Germany, now British Library Harley MS 2804, f. 
3v); or a figure of 8 with a well-defined sharp waist, as we see below centre in the Bible of 
Saint Etienne Harding, 1109 (Bibliothèque Publique, Dijon, France, MS14, Vol. III, f. 
13v); or the same but with a more angular outline in the two halves of the figure of 8, as 
we see below right in Amiens Cathedral, France, 12th or 13th century.  
 

 
  
Another variation on the giga’s figure of 8 outline had small protrusions between the two 
circles, as we see below left from the Hunterian or York Psalter, c. 1170 (England, now 
MS Hunter 229, Glasgow University Library, f. 21v). As we see below right, also from 
the Hunterian Psalter (same folio), the giga body outline was shared with body shapes 
used for the organistrum (also called the simfony, symfony, simfonie, sinfonie, 
symphonie, symphony, or symphonia). 

https://i1.wp.com/earlymusicmuse.com/wp-content/uploads/2051/10/Gigas1-scaled.jpg?ssl=1


 
 
Lincoln Cathedral 
 
In Lincoln Cathedral’s angel choir, completed in 1280, is an instrument that looks like a 
plucked giga. As we see below left, it has almost the same characteristic giga body outline 
as in Amiens Cathedral; the same protrusion on the tail for attaching strings as on the 
giga; a string-holder like a giga; and the bridge is in the place we might expect for a 
bowed rather than a plucked instrument. However, four details differentiate it 
definitively. It is plucked with a substantial plectrum. It has 4 strings rather than the 
bowed giga’s 3 strings. The view from underneath, below right, shows it to have a 
thumb-hole within a substantial carved neck, and it has a wedge shape, tapered from the 
thick neck to the thinner tail end. These details reveal its identity: the substantial carved 
neck with thumb-hole and overall wedge shape are characteristic only of the citole, as is 
the substantial plectrum seen only with citoles, the manufacture and material of which 
remains unknown. The protrusion on the tail (often a trefoil, though not here) and 
string-holder are shared by the giga and citole, but the giga always had 3 single strings, 
whereas the citole had 3 double courses or, as here, 4 single strings.      
 

 
Citole photographs by Ian Pittaway. 

https://i2.wp.com/earlymusicmuse.com/wp-content/uploads/2051/10/Gigas2-scaled.jpg?ssl=1
https://i1.wp.com/earlymusicmuse.com/wp-content/uploads/2051/10/Citole_LincolnCathedral-scaled.jpg?ssl=1


 
Lincoln Cathedral’s choir stalls were carved in 1365–70, and feature instruments of the 
time: nakers, positive organ, portative organ, drum, simfony, and others too damaged to 
be identified, their faces and instruments obliterated in the anti-Catholic iconoclasm of 
the 16th and 17th century. More choir stalls were made in the same style during the 
Gothic Revival of the 18th to early 20th century, probably during the Victorian era, and 
these benches feature lyre, lute, gittern (or possibly koboz), 2 portative organs, harp, 
psaltery, pan pipes, fiddle, and the instrument below which, as far as I am aware, has not 
been identified. It might be tempting to view it as a fantasy, were it not for the fact that 
all the other instruments are clearly faithful reproductions based on medieval models, and 
due to the fact that it reproduces the shape of the giga, with a variation: the small 
protrusion at the waist has grown to become the largest feature of the body. The 
depiction must be incomplete, as it could only function with a bridge near the tail, which 
is missing, and the rose so near the tail is most unusual, but its incompleteness is in 
common with many genuine medieval depictions of instruments. My working 
assumption is that this instrument, like the other neo-Gothic images on the choir stalls, is 
the carver’s reproduction from a medieval source. Shown below, we might call it a 
‘plucked giga’ or a ‘giga da mano’ (thank you Jan van Cappelle for the latter suggestion), 
for want of the historically correct name. It is an instrument we also see in 12th–14th 
century manuscripts.    
 

 
Photograph by Ian Pittaway. 

https://i0.wp.com/earlymusicmuse.com/wp-content/uploads/2051/10/LincolnPluckedGiga-scaled.jpg?ssl=1


 
Manuscripts 
 
Below is a rare sighting of the ‘plucked giga’ from a Spanish manuscript of Beatus of 
Liébana’s commentary on The Apocalypse of Saint John, Beatus super Apocalypsim, 
produced in the late 12th or early 13th century (now in The John Rylands Library, 
University of Manchester, Latin MS 8, f. 89r). On the left we see the whole page, then 
three details of the instruments. 
 

 
 
These images from The University of Manchester Digital Collections are published 
under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International 
(CC BY-NC-SA 4.0) licence. 
      Below is the only other source I am aware of for this instrument: two ‘plucked gigas’ 
from folio 81v of the Canterbury Psalter (also called the Great Canterbury Psalter or the 
Anglo-Catalan Psalter, now shelf-marked Bibliothèque nationale de France, Département 
des Manuscrits, Latin 8846), made in two stages, 1176–1200 and 1285–1348. The 
decoration of the pages was completed in Catalonia in the 14th century. 
 

https://i2.wp.com/earlymusicmuse.com/wp-content/uploads/2051/10/RylandsBeatus.LatinMS8.f89r-scaled.jpg?ssl=1


 
 
Identification 
 
The vast majority of my reading makes no acknowledgment of the existence of this rarely 
seen instrument. Crawford Young’s impressive doctoral thesis in 2018, La Cetra Cornuta: 
the horned lyre of the Christian World, makes reference to the ‘plucked giga’ (my term, not 
his) only as a cithara, a general term for a plucked instrument. 
   As with the citole, we see that the ‘giga da mano’ had a variety of peg-box styles, some 
variations in body shape, and some variety in the number of strings, either 4 or 5. Since 
the citole shares some of the body outlines of the giga, could the ‘giga da mano’ be a form 
of citole? On the basis that the ‘plucked giga’ clearly does not share the citole’s 
identifying characteristics – a thumb-hole and a wedge-shaped body – this is extremely 
doubtful.  
   One other detail in these images suggests the ‘plucked giga’ was in a class of its own, 
and not a version of the more familiar medieval instruments. All known medieval 
plucked instruments with a neck were played with a plectrum – citoles, gitterns, lutes, 
cetras, and the instruments in iconography with names unknown to us. This did not 
change until the last quarter of the 15th and into the 16th century, when the lute was 
becoming pre-eminent and lutenists were increasingly dispensing with plectrums and 
playing with the flesh of the fingers. The ‘plucked giga’ was apparently unique in that of 
the 6 identified images 4 are being played and, as we see above, all 4 are very clearly 
shown plucked with the fingers, a playing style unknown on other medieval necked 
chordophones. From the images we have, it appears to have been fretless, like the 
European lute until c. 1400, but not every artist depicted every detail, so this may simply 

https://i2.wp.com/earlymusicmuse.com/wp-content/uploads/2051/10/CanterburyPsalter.f081v.jpg?ssl=1


be a missing feature in the small amount of available iconography. Further images, if they 
exist, may help us clarify. 
   It may be significant that in all three sources for the ‘plucked giga’, it is shown played 
in a sacred context: on a choir stall in Lincoln; with Christ in heaven, next to symbols of 
the Gospel writers in Rylands Beatus Latin MS 8; and illustrating Psalm 46 in the 
Canterbury Psalter. It may be that, just as the later crumhorn appears to have been played 
exclusively for events in religious, royal, municipal and court settings, so the ‘plucked 
giga’ was similarly exceptional and elevated. If so, this would explain both the rarity of its 
appearance and its apparently limited playing context. We must, however, be cautious 
about drawing firm conclusions based on so small a foundation of evidence.   
   I would be most grateful for any further sightings of this instrument in church carvings 
or manuscripts, and any references which take us a step closer to secure identification. 
 
This article is available online at https://earlymusicmuse.com/plucked-giga/    
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