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BULLETIN 136

Christopher Goodwin

This is the fourth and final Q of this subscription period (nos. 133-136). It is just a few weeks
later than planned, partly owing to computer problems, but it does mean that we have produced
four issues in a calendar year as we should. Once again in this issue we have a nice balance
between bowed, plucked and blown instruments, and between practical and speculative; many
thanks to regular contributors Jan Bouterse and John Downing, and new contributor Jacob
Mariani.
Those who have not already paid for their 2017 subscriptions will find a membership form
herewith inviting them to do so. Though of course Comms are more important than money, so
as the days lengthen (in the northern hemisphere at least) you are invited to put the saw and glue
pot aside and collect your thoughts for a Comm or two for the next issue.
Annual General Meeting, Saturday 12th November, Blackheath Concert Halls
This year’s AGM was held, once again, during the International Early Music Exhibition, which
has moved from the Old Royal Naval College for the duration of the restoration works there.
The meeting was not quorate so any decisions are referred to the committee via email.
Attending: Secretary, Chris Goodwin, webmaster, Luke Emmett, committee member Peter
Forrester. We were especially pleased Jan Bouterse, both as a member and prominent recent
contributor, and to share his experience as a leading figure in Netherlands-based Bouwerskontakt
and its publication Bouwbrief.
The minutes are as follows.
1. Minutes of last year’s AGM as printed in Fomrhi Quarterly 133 we read and approved, nem.
Con.
2. Secretary's report
Having ‘slipped’ a year (jumping from nominal 2014 to 2016), we are on target to produce four
quarterlies this year; the January, May and September issues have appeared, with papers on a good
range of subjects.
Happily the steady decline in numbers seems to have ceased, and membership has reached a stasis
level, actually going up from 138 to 139 members in the year to date.
We bade farewell in 2016 to pioneers, John Hanchet and Donald Gill.
3. Treasurer's report
The draft accounts of 2015 were read, see below, and are to be sent to the committee for approval.
John Reeve was thanked for his work as treasurer.
His finance report in the year to date 1st November 2016 was read:

Total subscription revenue in respect of 2016 currently stands at £2352 (2014: £2333) including
£17 paid in 2014 and £851 paid in 2015. This represents 139 members (2014: 138). A further
£81 was received this year in respect of subscriptions for 2017 and 2018 and £30 has been carried
over from 2015 to 2017.
This is a satisfactory result and is sufficient to achieve effective break-even. There is currently a
small deficit of £18 after provision for the one remaining quarterly of the year and website costs yet
to be invoiced. It is unlikely that the year-end results will be materially different from this.
The decision taken at the end of last year to eliminate the 2015 subscription year has greatly
simplified presentation of the financial results. All four quarterlies for 2014 were produced by the
end of 2015 so no provision was necessary going forward. Three quarterlies have been produced so
far in 2016 and the accounts for the year to date show a provision of £586 for production of the
final one. The average cost per issue has been reduced yet again from £695 in 2015 to £586 this
year and there was little variation between the three issues. The average number mailed per issue
was 135 (2015: 155). This is four fewer than the current number of paid subscribers.
Despite the small deficit it is notable that this is the first year since 2011 that funds have not
significantly decreased (ignoring the artificial effect of cancelling 2015). Available funds now stand
at nearly £3500, which is more than sufficient to cover a year’s operation. Membership also seems
stable at around 140, which is encouraging. The finances of FoMRHI in its present form and at
the current subscription level seem secure for the foreseeable future.
The Secretary added a gloss to this, the current number of subscribers multiplied by the annual
subscription is exactly equal to the cost of printing and mailing 4 annual quarterlies, so that we are
broadly financially stable, though perhaps the subscription might be increased by £1 at some point
to provide a little margin of security.
4. AOB
Jan Bouterse said that he would encourage fellow instrument makers to join.
Peter Forrester asked if it would be possible to seach for Comms by Comm numbers on the
website, to complement the text-based searches currently possible. Luke Emmett said he would
investigate enhancing the search facilities of the website in this regard.
A further enhancement to the website would be for experts in particular fields to produce shortlists
of the most important reading matter on our own site and elsewhere, to make a sort of ‘pathway to
instrument making’ for newcomers. Peter Forrester has already done this for the cittern, on the
cithara renovata website.
Luke Emmet suggested that we might introduce electronic-only memberships, perhaps for £10 per
year – the cost of servicing these is more or less nil – these might be offered free of charge for a trial
year to students and others.
Jan Bouterse shared his experiences of the Bouwerskontakt group and the Bouwbrief. Their
membership, like ours, has fallen, from 800 some years ago to about 350 now. This seems to

reflect changes in fashion and society; there is not so much debate now, and there are just 2 or 3
furniture colleges where you can study instrument making, Antwerp being a notable centre.
Bouwbrief has a good website with lots of nice colour pictures which can be viewed on a
smartphone; it lists contents and has selected articles, unlike the Fomrhi website where complete
contents appear after a year; instead the complete back issues of Bouwbrief are available on CD
ROM.
There was an extended discussion of a digital future for Fomrhi. Fomrhi’s role as a forum for
quick-response debate has obviously been superseded by the world of emails, websites, blogs and
facebook groups; its value now lies in the fact that its communications are considered essays and of
lasting worth, available in perpetuity on the internet. But nonetheless we might get new recruits,
and revive the debating forum aspects of the organisation if we had some sort of email group, blog
or Facebook group. Emails can already be sent to all members on request. The pros and cons of
open or closed, free or subscription groups, and the different formats were discussed. Luke Emmet
undertook to investigate how what sort of web presence we might have which would allow for
debate and rapid exchange of information, and at the same time encourage (rather than
undermining) the writing of considered Comms worth printing and making permanent on the
website. Ir was agreed that Luke Emmet would further investigate the technical options.
ACTION POINTS:
Luke Emmet and Chris Goodwin to investigate improving the website, to improve clarity and
searches by Comm number.
Chris Goodwin to ask committee about the idea of electronic-only memberships.
Chris Goodwin to appeal to the membership to come up with shortlists of the most important
Comms and online resources to make a ‘pathway to instrument making’ for newcomers.
Luke Emmet to investigate options for an internet group, blog, or Facebook group, open or closed,
to revive Fomrhi’s role as a debating forum, and to encourage, rather than undermining, Comms
for the Quarterly.

Welcome (or welcome back) to new members
We welcome two new members this quarter: Karl Burmeister, Jacob Mariani

M.I.R.N.
Those caring for historical instruments in private or public collections may be interested to know
of the Music Instruments Resource Network, which offers guidance for instrument collections,
with a website and a programme of workshops seminars, and advice surgeries, covering care,
maintenance and display; see their website www.mirn.org.uk

Jeremy Montagu autobiography
Jeremy, a founding father of our organisation, has written his autobiography. If you would like a
PDF copy, please write to him at jeremy.montagu@wadh.ox.ac.uk
ArchaeoAcoustics conference III, Portugal 5th-8th October 2017 – call for papers
This message from ANIMUSIC of Portugal:
We are pleased to inform you about the conference ArchaeoAcoustics III, organized by The OTS
Foundation, the Polytechnic Institute of Tomar (Portugal), the Instituto Terra e Memória (ITM,
Portugal) and the Geosciences Centre of Coimbra University (Portugal).
ANIMUSIC is associated to this important initiative following one of our principal objectives: to
foment interdisciplinary collaboration and to help as much as possible in all the activities related to
the study of sound and musical instruments. ANIMUSIC members have been carrying pioneer work
namely in the reconstruction of instruments and also in performing them – we particularly mention
Dr Peter Holmes, Ancient Music Ireland and Prof John Kenny. A good number of archaeology
related studies, along with the exhibition of the objects, has been presented during our Organological
conferences, providing interesting and lively discussions, and partly published in our collection
‘Liranimus’. ANIMUSIC has been at the forefront of scientific research on the sound properties of
rocks in archaeological settings and held the first experimental archaeological workshop in Portugal,
which included the preparation of the raw clay, the cleaning of goat skins and the making of ropes,
besides the complete making of drums and other clay instruments, finally baked in the oven also
constructed by the participants (link to the blog post: here).
We are about to launch a new site for ANIMUSIC, where more information and images will be
made available regarding our member’s activities. We welcome all suggestions and are open to any
cooperation which follows the objectives of the association (non-governmental, non-political and
non-profit organization), being very happy to promote the conference ArchaeoAcoustics III and to
support our member Dr Fernando Coimbra in this important initiative in Portugal.
NOTICE: the registration fee for ANIMUSIC members has a special reduction offered by the
Organization (with gratitude to Dr Fernando Coimbra), so please mention being a member when
registering.
ARCHAEOACOUSTICS III
Place: Tomar, Portugal
Dates: 5-8 October 2017
First Call for Papers deadline: 31st January 2017
Second Call for Papers: only if there are available slots
Please visit the conference site for more information:
http://www.otsf.org/2017-conference.html
ANIMUSIC - Portugal
www.animusic-portugal.org
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Making woodwind instruments
7- Drilling long holes in woodwind instruments
7.1 Introduction
There are several methods for drilling long holes in woodwinds. But before explaining
these methods, some important principles must be mentioned.
The first thing concerns the order of work: the drilling and reaming of an instrument part
comes before turning the exterior profile. Secondly: a hole is (nearly) always bored from
one side only. The drill is thus going through the whole length to the other end of the
wood. It is not as with drilling long tunnels, where they work from both ends and meet
somewhere in the middle; or just hoping to do so, because there will always be some
deviation. And such deviations easily happen when you are boring from two opposite sides
in a piece of wood.
Warning: recently I had a problem with drilling a hole in a piece of snake wood,
which is a very hard and dense type of wood: just before the drill reached the end of
the wood, the piece cracked over its whole length. That might also happen with
drilling pieces of artificial ivory or other hard plastics. I know of a Dutch woodwind
maker who, because of these problems, bores his pieces of African black wood up to
about 10 mm before the end, which last end he then saws off. That brings us to
further advice: always use pieces of wood with some overlength (and overwidth).
Thirdly: there are for woodwind makers essentially three ways to make a hole:
1: pushing a spinning drill against a steady piece of wood; 2- pushing a piece of wood
against a spinning drill; 3: pushing a drill against a spinning piece of wood.

method 2-: drilling 9 holes of a rackett (Ton Pel)

method 1- (Jan Bouterse, 35 years ago)

method 3-: the wood is spinning (Charles Stroom)

Each drilling method has its advantages and disadvantages (and dangers). Method 3 is the
traditional way of the woodwind makers in the past, and is still preferred by many of them
today. But your lathe must be suitable for the job (mine is not for longer pieces of wood),
with a chuck and a lunette or similar device (Charles Stroom had made one himself, with a
ball bearing in a wooden frame; see also the photo in Comm. 2056 of a modern metal twist
drill mounted in the chuck).
Fourthly, the usual method in making many types of woodwinds is first to drill a pilot hole
through the wood, which is widened in subsequent steps, for instance by using reamers.
This is the only way to work with instrument parts with a conical bore profile, but I do it
also with cylindrical bores.
For instance: I have made a renaissance traverso, length 635 mm, bore diameter 17.8
mm. At first I made a pilot hole Ø 10 mm (step 1), then I made the bore wider to 17.0
mm, using a drill that followed the pilot hole exactly (this time I can bore from both
ends, step 2); the last act was widening the bore to the desired 17.8 mm with a reamer
which also provided a smooth surface to the inner wall (step 3, see schematical drawing below).

In the fifth place: the first centimetres of a hole especially must be bored with great
accuracy. A small deviation in the direction of the drill in this section means that a big
deviation at the other end of the wood might occur, even with the danger that the drill will
break out somewhere at the side instead of the opposite face of the wood.
With method 1 you must rely on your eyes. A long drill makes it easier to check the
direction, but as you can see in the photo on the previous page, it is easy to bend the drill
(something you can hardly see yourself), because there is always some flexibility in long
drills, especially the thin ones, or drills without a solid centre (such as twist augers).
Nowadays I mainly use a combination of method 1 and method 2, beginning with 2. But
I take a much shorter drill than in the photo on the previous page; this because I only want
to drill about 80 to 100 mm in this way. The wood is pressed against the spinning drill,
using the live centtr and turning the hand wheel of the tailstock. The problem is that you
actually need three hands for the operation: one to keep the wood in its place (it is especially difficult to hold irregular shaped pieces of wood firmly, up to now I have not found
the ideal system for doing that other than by strength of hand), the second one for operating
the wheel or the lever, the third one for switching the lathe on (for switching off I can use
my knee or foot). The right direction of the hole is now established with method 2, after
which I take the wood out and continue with method 1, with a longer auger in my electric
drill: it is safer for me.

7.2

About d-bit drills, spoon drills, shell augers and gun drills

A hole can be made with any tool that has a sharp point. But with an awl you can only
‘pierce away’ some wood, not making a clean round hole. It is much better to have a tool
that cuts or scrapes the material at its front or tip in a controlled way. That residue (chips,
which sometimes come out more like dust) has to get out, otherwise you have a problem.
There are several ways to get rid of the stuff, but often you have to retract the drill. It all
depends on the type of drill and the wood, and how dry the wood is. What we want to
achieve is a hole that goes straight from one point to another, which is perfectly round with
the same desired diameter over the whole length, and with nice clean walls. And what we
especially want to avoid: curved holes. These may occur especially when you are drilling
small diameters (for instance Ø 5 mm) over a longer distance. Straight holes which go a bit
sideways are generally not such a problem; if there is enough thickness of the piece, you can
re-centre the wood again.
A very simple looking tool is a so-called ‘d-bit drill’, which can easily be made from a
rod of metal. Using a grinding wheel, you have to make a chamber (to gather the residue)
and a cutting edge at its end. Do not grind too much of the circumference for the chamfer,
just a bit more than the half of the rod must be left. See www.machineconcepts.co.uk./small
pipes/tools.htm for a description (with drawing) how to make a d bit drill. Surprisingly, the
position of the point of the cutting edge is not so important: it might be at the far side (see
photo below), or more in the centre. You can make these drills as long as you want; rods
are available in many diameters, for instance in silver steel, which can be hardened as well.

Photo: a d-bit drill by Michael van der Most, a member of Bouwerskontakt. Instead
of hardening the whole of the upper part of the drill, he soldered a small piece of
hardened metal to the tip of the rod. A flat strip ground at one side of the shaft
over the length makes
working with the drill a bit
easier. More work is turning
a long part of the shaft to a
somewhat smaller diameter.
Left: Two d-bit drills (Ø c. 6
mm) by John Roy, also a
member of Bouwerskontakt.
The right one cuts at the top,
the left one more at the sides,
to make a clean surface of the
bore which was made with
the other drill.

I made this d-bit drill (Ø 6.0 mm,
frontal and side view), with the
point of the cutting edge in the
centre.

If you have a long spoon drill, you might be able to get a clean bore in one go as well, but
then you must buy such a drill with the right diameter.
From Youtube (www.youtube.com/watch?v=EPFiwol9MGM) spoon drills were the
most commonly used before the industrial age when modern ‘cork screw’ drills
became easy to manufacture. They were common for basically any type of woodworking from makings stoola and other furniture to chests to shipbuilding. The spoon
head eats through wood and other soft material as it spins and makes a hole. It doesn't
transport the residue from the hole though so you have to clean that out more often
than we're used to with modern drills or you get stuck. There are many examples of
these from iron age, the best known are the tools in the Mästermyr chest from the
Viking age which contained several spoon drills. Nowadays they're still used by
chairmakers but not b y many other people and are hard to come by.
See also www.wonkeedonkeetools.co.uk/spoon-bits/why-would-you-choose-a-spoon-bitover-other-drill-bits/ about the advantages of working with spoon drills.

Spoon drills, the tools of a
maker of traditional Dutch
wooden shoes.

Left: top of a
very long (4 m)
spoon drill, used for drilling a water conduit through the hart of a tree trunk. The tip of the
drill has a short spiral. The drill was turned into the wood, several people were needed for
the operation. You can see such spoon drills in several local museums in Alpine
countries.

There is not so much difference between a spoon drill and a spoon reamer: the reamer has a
tapered shape and you can make a conical bore profile with it. The Norwegian instrument
maker Sverre Kolberg (is he still alive and active?) wrote in April 1987 three articles (in
Dutch and German, also published - in 1988 - in De Bouwbrief) with the title
‘Figurazione’, the first of them about the art of forging. Here he describes how to make
spoon drills and reamers from a piece of reinforcing steel.
Kolberg developed original ideas how to design flutes and recorders. His starting
point is the proportions of the instruments: he puts the tone holes in the positions and
dimensions according to his proportional theory and tunes the instruments mainly by
making adjustmensts to the bore profile using spoon drills and reamers. It is a method
that works often really well with renaissance type of woodwinds.

Sketch by Kolberg from Part 1 of his Figurazione. Fig. 16 shows a cross section through the
top of a spoon drill: it is important that, just as with d-tip drills, that the drill covers a bit
more than the half of the circumference of the hole that is bored. Fig. 18 shows a template,
made in sheet of brass, with exactly round circle segments, for checking the shape of the
drills. Some skill is needed to forge these drills in a perfect round shape.
The catalogue of Ridgway (a firm which no longer exists) offered spoon drills with other
types of cutting edges, called a ‘dodd’s pattern shell auger’ and ‘lamp standard shell auger’
(see Comm. 2056 for a picture). On the website of Toolpost I found under turning accessories this information: ‘The (shell
auger is) traditional - and still the best
(and affordable) - tools for long hole
boring on the woodturning lathe.
The standard shell auger is (or was)
available in a variety of sizes. The
normal shell augers can be very difficult to sharpen successfully but a
newer version, called the deluxe auger
(see photo, which comes from
www.rlarson.com) helps overcome
this difficulty as well as providing

improved chip clearance with a spiral flute. All augers should be used carefully and slowly,
withdrawing the tool often to clear the waste from the hole.’
Gun drills are the most sophisticated drills for making long (and very long) holes in wood.
They do their work in combination with air that is pressed through a narrow tube in the drill
up to close to the cutting edge. The waste will then be blown back through the slit at the
surface of the drill (more or less straight in your face if you stand just behind the drill). Gun
drills can only be used when the wood spins in a lathe, and the drill is pushed against the
wood. And you will need also equipment for the compressed-air.

Gun drill (exploded view and cross section)
7.3 Twist drills for wood and metal
There are many types of twist drills which you can use in wood. Good old Mr Ridgway
mentioned several of them in his catalogue: such as solid centre auger bit, solid centre bit
with single spur, solid centre auger bit with long twist (jennings pattern nose), scotch auger
bit and scotch fencing bit, and so some more. All these drills have their merits, but also
their problems, such as that they are often difficult to sharpen. And they must generally be
used at low speed.

Picture from the Ridgway catalogue R74

One of these types of twist drills are ‘single twist augers with screw point’. They are on the
moment available (and not very expensive) in many DIY-shops in the Netherlands, so they
could be attractive for woodwind makers. But I (and other people as well) have had
problems with this type of drill: it was really racing through a piece of wood, but then
jammed suddenly (a dangerous moment!). The problem is the screw at the top of the drill.
Martin Robinson (Bouwerskontakt) had the same problem: the screw goes so fast into the
wood that the cutter can’t keep up and the drill comes to a sudden stop. His solution:
grinding off the screw (making it into a sharp point only) and also removing the spur at the
side. And use the changed drill after that operation on a moderate speed.
Searching on internet I found the site of the German Famag factory, which makes a
‘Schlangenbohrer für die Hartholz-Bearbeitung' (a ‘snake auger' for working in heavy
hardwoods), see: www.famag.com/EN/Home/Detail/2668b9c7-e9cd -4bca-a1df-613
d23104f25 (the site is in English). I am interested to know if this drill is safer, but it
is not so cheap.
In the photo, right, the upper
drill is the problematical one
with the aggressive screw at
the top, which is better
ground down.
The lower drill is a so-called
cv-wood twist drill: they are
easier to sharpen and you can
use them with higher speeds.
Short drills of this type can be
bought in all DIY-shops, it is
more difficult to find longer
cv-wood twist drills.
And here the same auger as the upper one,
but with the top screw which I ground to a
kind of pyramid and with the spur also
removed. It bored now rather well on my
electric drill, in a much more controlled way,
and with a rather good chip clearance.
The alternative which I also use is a common metal twist drill, also available in DIY-shops,
for the longer types you must, however, look elsewhere. These drills are easy to sharpen, if
you use a device which can be attached to your grinding wheel. Each type of metal actually
needs actually different sharpening angle, but the standard angle is good enough for boring
in wood. Attention: the residue will clog up in the upper part of the twist of the drill (and
very much so if you lubricate the top of the drill with some oil), so you must retract and
clean the drill rather often before the hole is finished.

common metal twist
drill

7.4 Flat bits
Flat bits (also called spade bits) are not ideal for drilling long holes, despite the fact that you
can buy them in long sizes or that you can use extension shanks as well. A flat bit has no
‘body’ to provide some stability and to keep the drill in the right, straight direction.
And the holes easily become distorted or warped (not perfectly round) with rough walls.
However, I work with flat bits very much, but in combination with an end-piece (a pilot)
which I mount on the top of the flat bit: see the picture. The pilot has the same diameter as
the pilot hole that I had made before in the wood with one of my other drills.

Photos: the flat bit system, mounted and as separate parts. It is also possible to fasten the
pilot with a screw through the hole in the flat bit. I learned this method from Wim Somsen, who inspired me many years ago to make recorders. See also Comm. 648 by Bob
Marvin (FoMRHI Q 41). Flat bits are easy to sharpen on an electric grinding wheel. It is
important to maintain the original cutting angle and the symmetry of both sites of the drill,
and not to distort the shape of the point (which happened to the flat bit in the photo).
Some practical tips:
For preference, I use this method on my lathe, for instance to make a socket for an
instrument part. I have ground some drills at their sides, to get a slight conical shape,
for instance from Ø 24 to 23.5 mm over a length of 25 mm, which is commonly
found on the sockets of the heads of baroque alto recorders.The accuracy of this
method of boring with the flat bit system depends on how precisely the end-piece is
mounted, and also how accurately you have drilled the pilot hole. Often that pilot hole
is a bit wider at the side where you started boring. That is because you have to retract
the drill several times before the hole is finished.

The traditional extension shanks have the problem that the
hexagonal socket screws (or their keys) always wear out
(photo right). That is why I prefer to use flat bits by Rex;
they can be attached to an extension shank in which the
drills can be simply locked with a click (photo below).

Warning: do not use the extended
drill horizontally, because the connection has a considerable slack
(see photo below). This is however
no problem when you bore vertically.

7.5 Other types of drills
This is a drill (with a rod
as a pilot) which I made
from a simple iron tube
(Ø 20x19mm), the teeth
were made with a fine
saw and a file.
I use this drill for making
a circular slot in the foot
of a traverso (for fitting a
so-called ‘register’, an
short extension piece).
With the same type of
drill, without a pilot, you
can make long holes with
an additional bonus:
a long narrow piece of
wood that comes out from the inside of the drill. I have no
experience with this method of drilling long holes, but I know that
Rudolph Tutz from Innsbruck once made a traverso from thuja
wood in this way.
There are more types of drills, such a forstner bits (photo right)
which are sometimes handy for particular jobs, such as for beginning a hole in a wood which has nasty knots.
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Making woodwind instruments
8- Reamers for woodwind instruments
8.1

Introduction

The dimensions of the bore are of the greatest importance for the acoustical properties of
woodwind instruments, which means that much care must be given to the reamers which
shape the borehole into the desired profile. Bore profiles of woodwind instruments can
have all kinds of shape: cylindrical; conical expanding or conical narrowing (both regular
or irregular), or else - and this is often the case - with combinations of these profiles.
Cylindrical bores can be made with drills only, but they must be of very good quality and
used with care, to be sure that the diameter is the same over the whole length of the bore,
and that the walls of the bore are round in cross section, smooth and clean (concerning
drills see the remarks in chapter 7 of this series of articles). Conical bores must be made
with reamers, which come in several types, fixed or adjustable.

Diagram: three types of conical bore profiles
- Type A is a parabolic shape, where the bore is narrowing more strongly in the lower
half (and often most pronounced in the lower fourth) than in the upper section. These
parabolic profiles are very common in historical recorders, traversos and oboes and
match with the shape of many traditional spoon reamers. Looking through a bore
(from the wide end) with good light from the other end, the places where a bore is
constricting are often clearly visible (‘reamer ends’). But it is better to make a graph
where the diameter is on a 10:1 scale with the length.
- Type B is a straight cone, which I found on only a very few old traversos and oboes.
- Type C is a what I call a ‘hyperbolic profile’, rarely found in parts of recorders and
traversos, but common in oboe bells where the bore follows the profile of the exterior
(the scale in the graph should therefore be closer to 2:1).

8.2

The choice of reamers

Several types of reamers and ways of reaming are used by woodwind makers today. The
choice between them depends - for instance - on what you are doing: making a large number
of the same instrument model, for which it is convenient to have fixed reamers that give the
desired profile in one operation with great repeated accuracy. Or - what I do - experimenting
and making only small numbers, for which I need flexibility, so that I can use adjustable or
multiple short fixed reamers for one instrument part.
After the preparatory work (drilling) on the lathe or using an electric drill, I prefer to do
the reaming by hand. It is safer for me and I can feel better how the wood is reacting.
8.3

Spoon reamers

Spoon reamers are the traditional tools for woodwind makers. They are not so different from
spoon drills (see chapter 7) and can be made by forging a piece of steel: using heat and
hammering with the right tools. That is not so easy as it may seem when you see a
blacksmith at work; and for him or her is must also be rather difficult to get the dimensions
right.
8.4

Round reamers with a turned metal or wooden body

Photo: these are modern spoon reamers by Joseph Böhm (see www.boehmtools.de/
uploads/ media/reamers.pdf how to order them). They are surely not made by forging, but
are turned on a lathe after which the hollow shape is milled. These tools can be used when
the wood is turning (not too fast) on a lathe, or by hand where the wood is clamped in a
bench.
I have made some reamers on my metal lathe, using a technique which is described by
Gary Cook in an article (‘Hand tools for recorder making’) on the Recorder Homepage
(http://members.iinet.net.au/~nickl/tools. html). This drawing is from that article:

There are other methods for turning a profile in the metal, but the main problem is how to
make a cutting edge, and what the ideal shape is for that cutting edge. I found some interesting information, ten years ago, on a website (which is not online anymore) of Markus
Gäbel and published that - with his kind permission - in an article for De Bouwbrief.

B
A1

A2

D
C
Gäbel explains: for the cutting edge of type A a quarter of the reamer is removed. Because
the edge is 90 degrees, a burr must be made on the edge. Reamer A2 has a positive cutting
edge (< 90 degrees) and can be used without that ‘brim’.
In type B a groove is made in the reamer, which automatically gives a positive cutting
edge. However, sharpening the edge is not easy, and there is not much room for the chips.
Because the cutting edges are so close, there is rather much friction between the steel and
the wood and reaming is not so easy with this type of reamer.
Type C: this reamer will cut more easily, as there is less friction. There is only one cutting
edge. It is better to make the reamer with two or three cutting edges; they will stay sharp for a
longer time and chip clearing is easier. Some advice: it is better to mill the cutting edges with
a slight assymetry, to avoid resonance when you do the reaming.
Type D is better for small diameters (< 10 mm).
There is a problem with milling the cutting edges: the shape of
the reamer might change, because of tensions in the steel. That
is why the steel has to be treated (annealed*) before it is
milled, but that means also that the reamer must be hardened
afterwards, which is not an easy operation. *See on the internet
(for instance Wikipedia) writings on the various heat treatments
of steel.
I have made for the top joints of baroque oboes (diameter
from about 11 to 6 mm over a length of about 240 mm) a few
reamers from silver steel. I made the cutting edge on my
grinding wheel (see drawing), which gives a nice positive

cutting angle. It is important not to grind away too much: a bit more than half of the circumference of the rod must be left. I didn’t harden the reamer, or give the steel a heat
treatment before I started the operations.

Photo: four reamers, turned from a metal rod. The upper one is for an
oboe top joint, the cutting edge made with the grinding wheel.
The second one has two opposite grooves, the milling was done by a local
metal workshop, but I am not so happy with the result. The other two
reamers (for a Rottenburgh-traverso) have two cutting edges (see picture
right for as cross section) which means that these reamers can be used in
two directions; they cut rather well, but the steel has not been hardened.
Instead of a massive rod, you can also use steel tube for making a reamer.
Grinding a cutting edge will then be a lot easier (or faster), but the tube must have enough
wall thickness for the turning of a tapered profile in it.

Photo: this is a reamer where a blade of steel is screwed on a piece of hardwood, which is
turned on a lathe in the desired bore profile (I discovered recently that this reamer scrapes
the bore of a ring of artificial ivory really well). It is possible to move the blade a bit, to
make small adjustments to the profile of the reamer. The weak point of this reamer is where
it is attached to the shaft. Some cracks appeared and I had to reinforce the connection with
a brass ring. And for strength you must have enough body in the wood, so for small
diameters (< 15 mm) this type of reamer is not appropriate. The screws (parkers) must be
tightened firmly. Blades from a metal saw are generally fine for the cutting blade; a grinding
disc is essential for making the slots in the blade for the screws.
However, blades from industrial planing machines are often too hard to be grinded and
can’t therefore be used for reamers.

There is much more to tell about spoon reamers and turned metal and wooden reamers.
There are several articles about reamers in FoMRHI-Quarterlies from the eighties and the
nineties, written by people who have much more experience with these tools than I have, or
ever will have. See the website of the FoMRHI (www.fomrhi.org/pages/communications)
and use the search box with ‘reamers’ as keyword.
8.5

Flat reamers

With flat reamers I have much more experience. They are not too difficult to make and cut
as a rule more easily than round reamers. They have, however, one disadvantage: these
reamers can’t be sharpened without losing there cutting profile.
These two drawings are
again from the article by
Markus Gäbel.
The profile of the bore
must be scratched on a flat
piece of steel; then begins
the process of grinding the
steel into into its shape,
with a trapezoid cross
section.
Left drawing: at 1 and 2 are the cutting edges, the angle is negative (> 90 degrees), the reamer is more scraping than cutting. But that is sometimes an advantage for harder types of
wood and artificial ivory. The reamer in the other drawing has a gully which results in a
positive cutting edge.

This drawing shows how a bore profile (in this case of a lower joint of baroque soprano
recorder) can be transferred to a flat reamer. The important points on the graph are where

there is a change of angle in the profile. Grinding the profile means that you have to check
the result a thousand times, and also that you must use your eyes: the reamer profile must
become exactly symmetrical.

Photo: the upper four flat reamers are for a baroque alto recorder. For the head I have only
one short reamer, going from Ø 19.7 to 18.5 (the rest of the bore is cylindrical). For the
middle joint I made two reamers, which have an overlap. I find it much easier to ream a
long joint with two or more reamers than with just one. Not so much force is needed and I
can use each of the shorter reamers also better for other instruments. I put the second reamer
in a slot in a metal rod so that I can reach the lower part of the bore.
Most of my flat reamers are 3 mm thick; for bores wider than about 24 mm it is better to
use thicker steel, for instance 4 mm.
From Alec Loretto (who was our teacher in the
early eighties at courses of the Bouwerskontakt) I
learned that it is better to have an extra touching
point for the reamer. That can be realized by
screwing some bolts with a rounded tip at different
positions on the reamer. You must make holes in
the reamer and tap a screw thread in it (which is not
difficult to do). But it is not so easy to get the
dimensions right (length of the bolt, in combination
with rounding the top). And as I have no problems
using flat reamers without that device, I never put
these touching bolts in my flat reamers anymore.

This is an adjustable flat reamer, with two blades which can be moved over some distance
and fastened with two bolts. That must be done firmly, but as there is a big force on the
blades when you are reaming, it is also better to make a system with two small sloping
grooves (B) in which the small bolts are turned very tightly. With this reamer you can make
cylindrical bores, or bores with various conical profiles. The adjustable flat reamer has only
one cutting edge (the simple flat reamers have 2), it is important to make the lower end a bit
tapered. The reamer has to be mounted on an extension, similar to that on the photo on the
previous page.

These are two cross sections of the adjustable flat reamer, at the position of the big and the
small bolt. It is important when you want to design this tool to draw a precise plan on graph
paper, where all dimensions are enlarged (for instance 5 times). It is the best way to calculate exactly the minimum and maximum diameters which can be made by this reamer.

8.6

Adjustable metal reamers

Adjustable metal reamers have blades that move within tapered slots in the reamer body.
To adjust these reamers the blades are moved within these slots by loosening the nut at one
end and tightening the nut at the other. Movement permits the reamer to be set to any desired diameter within the range of the size adjustment.
These reamers are hand tools and are constructed to do their work in (not too hard)
metals: a cylindrical bore can be made a bit wider by pushing and turning the reamer into
the hole. The surface of the blades run parallel to the axis of the reamer, which means that
you can actually only change the diameter of these cylindrical bores into a slightly wider,
but still cylindrical bore. However, these adjustable reamers can be used in woods as well
and are perfect for reaming the bore of the head of a baroque traverso from (for instance) Ø
19.0 to 19.3 mm. In boxwood or ebony you will get a perfect, smooth bore.
It is also possible to make conical bores with these reamers, and I use them sometimes in
that way for ‘copy reaming’. That means that I put the reamer as far as it goes in the conical
bore of the model, and then I ream out to the same length the piece of wood of the copy.
The next step is to change the position of the blades, for instance to a diameter which is
0.1 or 0.2 mm wider, and start the same operation. This has to be repeated several times (up
to 30 times for a bore which goes from 16.0 to 19.0 mm), after which the bore profile is
finished. The conical bore is actually composed of a series of short cylindrical sections and
looking through the bore, you might see small steps between these sections. That doesn’t
harm the acoustical proportions of the instrument so much, but it is better to avoid these
steps by slightly grinding the blades of the reamer a little bit at the lower end.
The result is a perfect smooth surface of the conical bore.

In this schematic diagram I have only drawn the blades and the nuts of the adjustable
reamer. At the arrows the blades have been ground down a bit.

Most adjustable reamers are too short to do their work properly. You must find a method to
make them longer. One is welding a steel rod to the shank. The other one (which I often do)
is using a box spanner (or two combined box spanners). But as most adjustable reamers
have a square end to the shank and box spanners are six sided, you must do some grinding
(at the shank) to make them fit.
There is also the question of adjusting the reamer to the desired diameter. On adjustable
reamers with six blades, you can measure the distance between two opposite blades with a
calliper. But you must check the result in a piece of wood; there might be some difference.
And this checking is the only way to know what will be the diameter for adjustable reamers
with only five blades (there are no opposite blades).
There is something else it is important to know.
Sometimes, some ‘resonance’ will happen during
reaming, which result in a bore which is in cross
section not perfectly round. A reamer with 3 cutting
edges will give then a pattern with 4 arc elements,
one with 4 edges 5 arc elements, and so on.
It looks more or less like in this diagram (right),
where the four arcs are a bit exaggerated (the dotted
line is an ideal circular cross section).
This problem can easily be avoided by taking out
one or two of the blades. The important point is that
there must be an asymmetrical placing of the blades
on the surface of the reamer.
I bought between 1980 and 1982 a set of second-hand adjustable metal reamers, but then I
couldn’t find them for a long time. But in recent years you have been able to buy sets of
these reamers for very reasonable prices (I suppose they are produced in China), see for
instance the websites of Ali Express (USA) or RDG tools (UK). The reamers come in sizes
from 6 mm to 80 mm. The smaller ones not surprisingly have only a limited adjustment (6
to 7 mm), and the bigger ones there have more, for instance I have one which goes from
16.5 to 18.5 mm.
A set of 11 reamers (from
12 to 35 mm) costs about
about 100 euros in
Holland. But be aware that
the blades of the reamers
are not serrated, but
smooth (as in the photo).

8.7 Other ways of reaming bores or drilling sockets

Long ago I made this tool with an adjustable cutter for drilling a socket in a bass recorder
(which I never have finished. . .). The diameter of the rod is 22 mm, that of the cutter 6 mm.
I had to think about the shape of the cutting edge, as I had no examples (it was before the
internet era). It is a rather dangerous tool when it turns. It is better is to push the cutter on
the lathe against the spinning wood.
One - big - step further is to make a system where this type of adjustable cutter is
connected with a device that scans the bore of an instrument that you want to copy. By
moving the scanner through that instrument part, the cutter automatically adjusts to the
diameter at each point. It is actually turning out a bore, more than reaming. It is also
possible to copy sections where a section of the bore becomes wider, what you can’t do
with the aforementioned reamers. The recorder maker Hans Coolsma has designed and
used such a system when he produced in the early eighties a series of traversos after
Stanesby Junior.
Nowadays you can avoid the scanning procedure and guide the cutter with a computer.
But I do not know if there are woodwind makers (or factories) who do this that way.
8.8

Bore corrections

It is sometimes necessary to make an adjustment in the bore, just in one place. That might
be under a tone hole or where a node or antinode of a particular tone is found (see about
that in my article ‘Practical acoustics for woodwinds: sound waves and tuning’ in Comm.
2040 in FoMRHI Q 132). You can make a section of a conical bore wider with adjustable
metal reamers, but it is not possible to do that in a cylindrical bore. Then you can take a
‘scraper’, just as in the picture below.

Instead of making this adjustable scraper, some
woodwind makers use a set of simple ones,
made from wood where the (metal) blade is
sticking out just 1 or 2 millimeters.
These scrapers are hand tools, they are not very
accurate and the (acoustical) result is often a bit
unpredictable. But you’ll need them now and then.

8.9

Conclusion

These articles about drilling and reaming are written by me to give the starting maker a survey of the possibilities and some of the problems. But I hope that also experienced instrument makers find some useful tips in these pages. It is an important part of the job: finding
the right tools for making woodwinds. My point of departure has always been to find simple
alternatives to expensive equipment, such as tools I can make myself and which are often my
favourite ones. Much thinking goes in the designing and that sharpens our mind.
Tools - especially the old historical ones - have often their own beauty. But remember: the
purpose is to use them for making woodwinds. I have seen people with the most sophisticated tools and machines, but who were not able to make instruments of the same quality.

Two so-called cobra bits, from the toolbox of my late father-in-law: beautiful drills from
the recent past when we all the boring was done without electric engines - and people had
the skills to sharpen this type of drills.
A confession must be made: I can’t often remember
which solutions I have discovered myself, and which
I have ‘stolen’ from other people or where I have
invented something that was already known to other
woodwind makers. And I haven’t mentioned my mistakes, such as when I tried the adjustable drill (photo
right), which doesn’t work well (or not at all) in hard
woods. But I am also sure that I have forgotten some
other types of tools which might work well, or which
can easily be adapted in the process of woodwind
making. Therefore my appeal to the readers of the
FoMRHI bulletins: please write with your reactions,
don’t hesitate to be critical, I am really eager to know
about your techniques for making woodwinds.
Don’t be afraid: try to improve yourself!
The aforementioned Wim Somsen made his first (tenor) recorder, turning and reaming the
instrument parts mainly with sandpaper (for the bore he glued sandpaper on a rod, in combination with an electric drill). But for his next instrument, he made a reamer. And that is
important: trying to improve yourself. Some people avoid specific operations because they
are afraid (or too lazy) to apply the essential techniques. You must be aware of your weak
points (for me is that for instance: soldering and also sharpening tools). Don’t continue to
evade these problems, but be eager to learn and to practise. It is just the same as playing the
instrument of your choice.

FoMRHI Comm. 2062

John Downing

Il Calascionaro di Pratola Peligna
In Comm.2027 it was stated that the colascione/calascione had become obsolete by the 19th C.
A recent monograph 'Quattro Colascionate' by Maurio Gioielli published in 'Utriculus', year 10,
#39, July- September 2006, pp 18-39 (Note 1) includes an image of a calascione player from a
photo taken during the 'Settimana Abruzzese' (Abruzzi Week) folk festival event of 1923 in
Castellamare Adriatico. The calascionaro in question was one of a visiting group of calascionari
from neighbouring Pratola Peligna.

The image is of poor quality being a photocopy of a photocopy of the original but it does give a
good idea of the geometry and features of the calascione identifying it as the type of double
soundhole large bodied instrument seen in the iconography of 18th C Naples (see Comm. 2027 as
well as Comm. 2037 by Martyn Hodgson). The instrument has a large lute shaped body with a
relatively narrow neck about equal in length to the soundboard. It appears to be fitted with four
(?) single, closely spaced, heavy gauge strings tied to a relatively low positioned bridge that
spans the sound board width. There is one centrally placed sound hole with a smaller diameter
auxiliary sound hole located on the bass side of the sound board close to the bridge. The
calascionaro, in traditional garb, appears to be striking the strings with a plectrum. There is no
sign of a shoulder strap so perhaps there is some other device, obscured from view, which is
supporting the instrument (Note 2)?
Does this mean that the calascione continued to maintain an unbroken tradition as a folk
instrument in Southern Italy (formerly the Kingdom of Naples) well into the 20th century or were
the colascionari of 1923 a group of enthusiasts attempting a renaissance of the instrument
following a period of obsolescence during the 19th C?
Notes
1) Mauro Gioielli is a folk singer and author of many articles about the traditional folk
instruments and music of Southern Italy. The article 'Quattro Colascionate' may be found
listed under 'Utriculus' on his website at www.maurogioielli.net or by a 'Google search
.
2) An alternative possibility might be a gut string loop tied tightly around the back of the
bowl between buttons fitted at the neck and tail blocks – a string that is then placed over a
button or hook on the players clothing to provide support – a feature sometimes found on
Baroque lutes.
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John Downing

Reverse Engineering the Dean Castle Colascione - or Tiorba?
Further to Comms 2027 and 2042.
In 1980 I had the opportunity to examine and measure some of the lutes and guitars in the Van
Raalte collection housed at the Dean Castle museum, Kilmarnock, Scotland (Note 1). Among the
instruments is a three single course, long necked lute labelled 'Colascione', accession no. MI/A30
- a fancy decorative instrument made from ivory and ebony with a fine carved ivory pegbox
finial in the shape of a lion or dog's head and with engraved ivory panels on the fingerboard. As
the instrument seemed convincing enough, some time was spent recording its details and
dimensions.

Colascione – Dean Castle, Scotland

There are at least two other colascioni of similar appearance preserved in the European
collections (Note 2).
The instrument may be original apart from the sound board that does not match in quality the
construction of the rest of the instrument being varnished with coarse, slanting grain and with a
joint well offset to the treble side - so is assumed to be a later addition.. It is about 3mm thick at
the rosette tapering to 2 mm around the perimeter. There is a half depth, 1.5 mm wide banding
around the edge.. These are hastily made rough sketches from my original notes. The following
sketch is exagerrated for clarity.

The offset of the neck, towards the bass side, and general slight asymmetry results in a treble
string length of 757 mm and bass string length of 755mm.
A curious feature is the relatively wide string spacing at the bridge (and resulting relatively wide
neck).

The colascione has a fancy parchment rosette built up in layers (Note 6)
There is no maker's label visible through the rosette and no other information on the provenance
of this instrument is available. Interestingly, a similar style of rosette is found on a lute of strange
proportions, #1037 in the Stearns collection, attributed to the workshop of 19th C instrument
forger Leopoldo Franciolini (Note 3).

Although the instrument is a colascione, being an Italian (?) long necked lute, it clearly is not an
example of the long narrow necked type, of Turkish origin, illustrated by Mersenne and Kircher
(See Comm. 2027). The proportional difference between the Dean Castle colascione compared to
Kircher's colachon is apparent (B in Fig 1). Two other examples in the iconography of the latter
style of colascione are shown in Fig 2 and Fig 3 but there are others.
Kircher claims that the Tiorba was the invention of a Neapolitan street musician who modified a
lute by doubling the length of its neck calling it a 'tiorba' (or grinding mill) as a joke. According
to Kircher, strings were later added and the instrument was to become the familiar multi course
double pegbox instrument that has retained the name Tiorba. (See Comm 2042)
Kircher does not provide an illustration of the street musician's original Tiorba. However, if the
Dean Castle colascione is 'reverse engineered' with the neck reduced in length by half, the
resultant lute would have the appearance shown in detail A, Fig. 1 – in this case a small treble
lute with a string length of about 510 mm and with a fingerboard that might accommodate about
11 frets (Note 4).
Examining the unusually wide spacing of the three single strings at the bridge there is sufficient
space to accommodate five courses of a lute – a single treble with four double courses.

To illustrate this point the following sketch, drawn to scale, shows the colascione string spacing
superimposed over the string spacing of the first five courses of an original 16th C lute (Note 5)

If Kircher's street musician, for convenience, had left the original bridge intact on his modified
lute and then simply fitted three single strings in the appropriate available string holes, this might
account for a wide, asymmetric spacing of the strings at the bridge.
In light of these observations, could the Dean Castle colascione be an example of an instrument
constructed according to the proportions of the original Neapolitan Tiorba? If so who was it
made for? I have yet to find examples depicted in the iconography and it is clearly not a folk
instrument of the streets so could this type have been created for rich dilettantes to play among
friends in the comfort of their salons - or perhaps later, to serve the lucrative 19th C collectors
market?
Notes
1) The collection totals about 90 instruments with about half that number on public display.
Some of the plucked stringed instruments appear to be in almost original condition, others had
been significantly altered and some would seem to be unplayable fakes. A complete inventory of
the Charles van Raalte collection, made in 1975, is listed in Comm. 360.
2) Brussels, Conservatoire royal de Musique, 1567 (see Baines #220, European and American
Musical Instruments, 1966) and the Gemeente museum, the Hague, early 17th C.
3) Leopoldo Franciolini – an Italian fraudster, seller of faked and altered historical musical
instruments many finding their way into the great collections of the 19th C. The parchment
rosette is a simplified but stylistically similar version of the rosette on lute # 1037 attributed to
the Franciolini workshop in the Stearns Collection, University of Michigan.
4) A lute of this string length, with gut strings would be tuned in a' (A440). A similar length of
neck for an early lute is described by Arnault de Zwolle 15th C.
5) The course arrangement shown represents to scale the first five courses of a mid 16th C lute in
original condition by Georg Gerle, cat# A35, string length 598 mm,Vienna Kunsthistorisches
museum - according to a full scale drawing of the instrument made by Stephen and Miranda
Murphy, 1975.
6) Images of the rosette can be found at www.futuremuseum.co.uk/collections
Search 'colascione'.

Fig 1

Fig 2
Flippo Bonani 1722/1723

Fig 3
Jaques Callot 1622
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Jacob Mariani

Building the Urbino Lira
It is difficult to describe the feeling of walking into Federico de Montefeltro’s studiolo, because
there is quite literally nothing to which it can be compared. Perhaps the experience should be
related to the unsealing of a tomb, where the royal provisions of a king are arranged, untouched,
ready to serve their master in a rich afterlife. But this tomb has been unsealed countless times, by
countless grave robbers, and yet it remains intact, endlessly pillaged but unspoiled. Its treasures,
frozen in time - frozen in wood - are inexhaustible.
All festival-goers of the yearly Fondazione Italiana per la Musica Antica are encouraged to
visit the Palazzo Ducale, as is any tourist. But FIMA’s attendees, whether students of
masterclasses or concert enthusiasts, bring a special sort of energy to the timeless activity of
viewing the intarsia. When I arrived for my first course in Urbino in July 2011, I was carrying a
viol that I had built myself. The suggestions of visiting the Palazzo (that I must see it, that the
intarsia is breathtaking) coming my way were accompanied with a tag: “There is a fiddle.” The
Studiolo is a well-known inspiration to Early Music enthusiasts because of the instruments
depicted on its “shelves”. There is an assumption, perhaps shared by all enthusiasts, that the
intarsiated instruments are vitally important to instrument makers. However, when I finally saw
the fiddle for myself, I was not entirely sure of what to make of it, or whether to even call it a
fiddle. I knew that the studiolo was completed around 1474, and that the medieval fiddle should
have been usurped by the lira da braccio by that year.

Figure 1: Fiddle intarsia, Urbino, photo mine.

My discomfort grew after I had snapped a few photos of the famed Urbino fiddle (Fig.1),
descended from the palace, and rejoined my fellow Early Music enthusiasts to resume our
classes and performances. Through my interest in viol construction and performance practice, I
was meeting many experts in the field. I was also performing alongside professional Italian
medievalists, soaking up the ambient organological culture. I brought to Urbino my familiarity
with literary and iconographic sources of medieval fiddles, as well as with the few musicological
guides to interpretation of those sources. I ‘knew’, as any astute enthusiast would, that there were
two types of medieval fiddle, and that between them any type of song could be performed. 1 The
first type had a flat bridge, and since all strings must be bowed at once, it was used for drone
accompaniment. The second, vastly more useful fiddle had a curved bridge, which allowed it to
bow separate strings, and it could therefore play a single polyphonic line of any vocal piece, as
well as “dance music”, such as the famous istampitte of the London MS 29987. Today’s
performers use a curved-bridge ‘melodic’ medieval fiddle because historical drone
accompaniment only really works with monophonic melodies; there are many more
opportunities for today’s fiddle-players in a mixed-instrument, polyphonic setting, as well as in
performing virtuosic dances. While the Urbino festival-goers operated along these clearly
defined terms, performing lines of ballate by Johannes Ciconia (after all, Boccaccio did write
about a fiddle player performing a ballata), istampitte, and the obvious accompanying drones that
Hildegard von Bingen would have enjoyed, the Urbino instrument stayed silent in its study; it
failed to fit either mold. It seemed to be full of the same mistakes that so many artists have left in
their depictions of fiddles; it didn’t seem to work.
Most glaringly amongst the artist’s mistakes, the fiddle’s bridge is portrayed to be very slightly
curved; not enough to make bowing a single string easy, yet preventing all strings of the
instrument from being bowed at once. The profile of its soundboard is also slightly curved,
giving the hypothetical bow just a bit of clearance--something that would be entirely unnecessary
if the bridge were flat, as was probably the case for many oval-shaped medieval fiddles in
iconography. Everything else about the Urbino instrument’s playing and tuning architecture is
reminiscent of lira da braccio imagery, except of course its shape, and its string count. Federico
de Montefeltro’s “fiddle” has five strings, one being an off-board bordone, which immediately
separates it from the lira da braccio by the lira’s relative iconography and its one surviving
musical source. 2 I knew that the lira da braccio had at least seven strings, normally with two
bordoni. By virtue of its string count alone, I imagined that Federico’s instrument belonged in
the fiddle category. It is common knowledge that the lira da braccio is the direct ancestor of the
late medieval fiddle, and so perhaps the intarsia in Urbino had captured the morphological
moment between the two types. Adding that it didn’t look like any lira da braccio, I determined
that it could possibly represent an earlier “proto-lira”, or a rustic, archaic holdover from an
earlier or obscure musical scene. Without further information, I was obliged to consign the
1

Brown, Howard Mayer. "The Trecento Fiddle and Its Bridges." Early Music 17, no. 3 (1989): 309-29.
The Pesaro Manuscript. Early Lute Facsimiles: Fruhe Lautentabulaturen Im Faksimile, Ed. Crawford Young and
Martin Kirnbauer, Prattica Musicale VI, Winterthur: Amadeus Verlag, 2003.
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instrument from my mind back to its shelf, where it could remain detached from the historical
discourse on bowed string instruments occurring outside the palace walls.
Yet, from its shelf, Federico’s fiddle would not stay silent. During the next few years, I would
often come across references to Urbino’s intarsias, but never in relation to the fiddle. The rest of
the instruments in Federico’s studiolo receive the continual attention of performers and
organologists for their astounding accuracies; the studiolo indeed provides a time-capsule level
of detail for a community that is starving for clues. In fact, intarsias in general provide us with
some of the most precise details in string iconography from around 1500. The keyboards, lutes,
and recorders of Federico’s studiolo seem to work, as demonstrated by several reconstructions. 3
Further, the intarsia of the studiolo extends far beyond trompe-l’oeil - the panels are meant to
interact with each other as a built-up illusory space, and the instruments are intended to work as a
complex and subtle visual itinerary. Why should the fiddle be the only inaccurately-rendered
instrument out of the lot?
Part of my problem with interpreting Federico’s fiddle stemmed from the lack of musical,
pedagogical, theoretical, or literary sources from fifteenth-century Italy, to which my impression
of the instrument could be connected. This issue was compounded by the current climate of
medieval fiddle performance practice and research, which, without much new information
surfacing since the 1980s, had dichotomized into the flat-versus-curved bridge understanding.
Performers and researchers have likewise sought hypothetical musics which best follow the
recipes of Howard Mayer Brown, Christopher Page, and Mary Remnant. 4 There would seem to
be no place for a fiddle with a slightly curved bridge, which could not be used on a single line of
polyphonic music, for a complicated istampitta, or for pure drone accompaniment with all strings
active at once. Viewing other medieval fiddle iconography with the Urbino “proto-lira” idea in
mind, however, I began to see structural similarities, and likewise began to ask the same
questions of Italian “trecento” fiddles and their relationship with Italian music of that century
that I was asking of Federico’s fiddle and the 1400s. I wondered whether Federico de
Montefeltro’s proto-lira could be the latest and most detailed depiction of a tradition that
extended two hundred years back, and whether it might show the features of an instrument that
has long functioned for a specific, albeit misunderstood, purpose. I began to interrogate the
image, asking whether our current understanding of the medieval fiddle, namely its technical
features and their relationship(s) to musical function, has kept us from properly interpreting the
Urbino intarsia’s technical allusions to a musical culture.
Situating Federico’s fiddle in the third quarter of the fifteenth century puts it directly in contact
with the beginnings of Italy’s best-known Renaissance song genres. We know from literary
3
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sources that the lira da braccio was capable of and well-suited to intabulating or accompanying
frottole and popular dance forms. Frottole function with an active bass voice and ‘triadic’
harmonic structure, which might explain why the lira da braccio needed so many strings. To fill a
sort of proto-continuo role, the lira needed the flexibility of seven or more strings. If Federico’s
fiddle really was connected to lira tradition, what can we make of its five-string setup? The
answer to that might lie in “silent fifteenth century”. 5 The most common type of Italian musicmaking of the time, that of the improvvisatori or buffoni, leaves us no true musical source. It was
a practice associated with professional poet-improvisors, and there is some evidence that the
improvvisatori accompanied themselves with instruments. The most famous improvvisatori of
the fifteenth century, Leonardo Giustiniani (c1383-1446) and Serafino dall’Aquila (1466-1500),
sang to the lute or lira da braccio. Would early lira players have needed seven strings? It is too
early in our study of embryonic frottole and to know their harmonic structures (if any). Yet,
though we are without a musical source, we may have access to an impression of a tool for
creating that type of music. If Federico’s fiddle is an early lira da braccio, the link between the
Italian Trecento viella and its sixteenth-century ancestor, then its significance cannot be
overstated.
True to my generation, who could not resist extracting imaginary dino-DNA from amber at
whatever cost to experts and enthusiasts, I could not resist drawing the instrument of Federico de
Montefeltro, whether fiddle or lira, ‘out of the wall’. 6 This paper is about the workshop planning,
techniques, and processes that led to my reconstruction of the instrument represented in the
Urbino intarsia. I use the term reconstruction with great care. As with any iconographic
representation of a musical instrument, we must be keenly aware of the layers of interpretation
involved in its original creation and transmission to the modern viewer. If a project is based on
medieval iconography, even a single source, luthiers are wise to term their final creation an
interpretation. This is vastly different from building a copy of an instrument from a surviving
model. In attempting an interpretation of a medieval instrument, a luthier must carefully
deconstruct the visual game of telephone between himself and the original artist. What elements
of a painted medieval fiddle are meant to represent the reality of a specific instrument from that
time? Ideally, the luthier must also be aware of his or her place within the game of telephone.
How much of one’s own reality and expectation is being projected into the final interpretation?
In light of the state of current research on medieval fiddles and the market expectations placed
upon professional luthiers, we must accept the answer to be a great deal. A reconstruction may
be attempted when vital information is actually present, in a quantity greater than the material
that will be necessarily introduced, as in the case of an instrument that survives in fragments.
Paintings from the late fifteenth century, although often displaying finely-detailed instruments in
perspective, are subject to at least one more layer of interpretation than the Urbino intarsia. The
5
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objects depicted in the Studiolo are unique as sources in that they are meant to seem real to the
viewer. The perspective used is not limited to a frame upon a wall, but functions within the
dimensions of the entire room, balancing all objects against its audience member at the human
scale. If I were to interpret Federico’s instrument, it would immediately stand out as different
from the original depiction: the ‘virtual’ model within the intarsia. My goal was to see how far
using this image could take me into the process of building before interpretation of details
became inevitable. It is the breakdown of trust in details - in this case at the level of bits of inlaid
wood - that should tell us something about the intent of the original artist; and by extension, the
desires of Federico de Montefelto and the reality of an instrument of his time.
The Drawing
Physical barriers against first-hand measurement (or against anything else that could contribute
to deterioration of the Studiolo) prevent visitors from making more than approximations of the
sizes of depicted objects. I was able to make a quick assessment of the basic dimensions of the
lira, 7 using the surrounding objects, including its neighboring overturned lute. Were I to begin
this project anew, I would require that precise measurements of the intarsia be made, and that
from that a computer-aided design model be constructed, so as to minimize human error.
‘Minimise’, because even with a CAD model, one would still need to project lines of
measurement into a virtual space. This includes - perhaps most importantly - the line of
intersection between shelf and lira, because the lira’s shoulders and neck protrude from the shelf
into virtual free space toward the viewer. Nevertheless, I approximated a string length, and upon
this I built the rest of the drawing. Luthiers who make instrument copies tend to work from
schematic drawings that depict a front, back, side, top, and bottom view. Since the lira is seen
from above and somewhat sidelong, I needed to recreate the original setting in order to test my
projected measurements. I placed my drawing paper on a table, and at an angled distance
corresponding to my viewing of the original, used my photograph of the instrument to adjust my
perspective on the string length, carefully adding the instrument’s features by eye.
The Building Process
One of the central questions I would like to address with this paper is whether or not the artist of
the lira was intending to represent a fully-carved “monoxcylic” instrument, or a semi-carved,
built-up model exhibiting stylistic similarities to the former. It is known that medieval luthiers
preferred to carve their instruments from a single block of wood, but it has also been suggested,
at least of the lira da braccio tradition, that some luthiers may have adopted a built-up approach. 8
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To achieve the same “scalloped” effect that often appears on the sides of monoxcylic
instruments, a luthier could have used several smaller blocks of wood, joining them as necessary.
The result would resemble a carved garland to which the top and back plates could be added. The
built-up approach eliminates the need for a block of wood containing the entire dimensions of
the final instrument, which in many cases would be difficult and perhaps expensive to procure,
would produce more wood waste, and could be a challenge to carve due to spacial limitations.
The right profile of the lira exhibits a very gradual curve, which terminates in an obvious shelf at
the back plate. This led me to believe initially that that back plate was intended to be understood
as separate from the carved sides (Fig.2).

Figure 2: Close-up of Urbino fiddle intarsia, right profile, photo mine.
The back plate seems to match the soundboard profile in every way, and does not reveal any
evidence of planar curvature; the soundboard and back plate seem to be of the same dimensions.
The structure of the whole instrument seems to be achieved with three main parts: the body, the
back plate, and the top, with all subsequent parts involved in the tuning and playing of the final
instrument added to the main structure. However, when one views the opposite end of the
intarsia, where the pegboard profile protrudes, a shape different to the scalloped sides emerges.
There is no gradual curve, but defined, inset angles that push the waist of this shape inward.
There is no change in the type of wood used to show this new shape. I took this to mean that the
neck of the original model (assuming the artist used a model) was attached as a separate piece to
the body. This matter became more complicated as the project progressed.

Figure 3: Close-up of Urbino fiddle pegbox, photo mine.
I opted to use the various hues of the intarsia to guide the selection of my wood. The question
has arisen of the species of trees used in the Urbino studiolo, and whether or not they might tell
us something of the woods used in original instruments from the same region. I would reason
instead that the toolkit of the Urbino artist was suited to creating an illusion of space, and his
wood types were chosen by their hue, their economy and ease of use, and their subjective beauty.
The use of tonewood to represent tonewood would limit the available palette of the artist, and
would therefore seem an unnecessary detail upon which he might dwell. Nevertheless, attention
to detail and visual effect were of top priority for the artist, as is revealed by his technique of
using endgrain to represent endgrain – a decision that bespeaks his closeness to the original
source, perhaps as a direct model or a typological familiarity (Fig. 3).
More research is needed on the woods available to fifteenth-century Italian luthiers, but it
seems safe to assume that the body of Federico’s lira is not meant to represent maple, as it is
considerably darker than the soundboard. Beginning with a block of black walnut, which I
selected for its clearness of grain and previous knowledge of its suitability as a “tonewood”, I
directly transferred my drawing. It was possible to derive the neck block from the heart of the
main block after removing the garland. I produced the outer scalloped effect in its final form by
clamping the entire block and working from the outside. This method provides great stability for
the most laborsome portion of the project (Fig.4).

Figure 4: Black walnut block with scallop effect visible on sides.
Once satisfied with the outer sides, I drilled relief holes and used a band-saw to remove the heart
of the main block (Fig.5). I was able to run the band-saw within a few millimeters of the scallop
depth, and to easily cut out the neck block. I then set to work with chisels, rasps, files, and finally
scrapers, to work the resulting garland down to a uniform thinness. In the end, when the garland
was nearly 3mm thin, it became very flexible (perhaps dangerously flexible), and began to ring
with pitch at every stroke (Fig.6). I left the garland thick at the points of neck join or tailgut/endbutton for increased stability.

Figure 5: Block with heart removed, neck block derived from heart.

Figure 6: Carved garland.

For the soundboard I chose a piece of A-grade (technically the lowest grade, and wide grained)
Swiss spruce from Florinett AG tonewoods (Bergün) to match the look of the intarsia. For the
back plate I used bookmatched pieces of black walnut. The back plate could have been taken
from the same block as the garland and neck, had it been thick enough; in my opinion this would
have been preferable and more direct. My choice of soundboard material admittedly results from
convenience, but also exposes another problem in the process of reconstruction. What was the
structural approach to bracing the soundboard? While the soundboard appears thick in the
intarsia, indeed much thicker than those of modern (c. 1500-current) European bowed-string
instruments, it is my opinion that it would eventually sink under continuous pressure from the
bridge. Further, the option of constructing a soundboard from a ready-thinned piece of spruce
may be a modern convenience--the medieval luthier may have been working from a thicker piece
with more options of depth and strength variations. With this in mind, I opted to strengthen the
soundboard directly beneath the bridge with a light but inflexible lateral brace, since I had
already planed both the back plate and the soundboard to a uniform thickness of 3 to 4mm.
The mode of construction that seems apparent in the Urbino lira upon first viewing also works
in practice. Time could have been saved had I not made the carved garland and the neck from
detached blocks. Had the entire profile of the instrument been carved from a single block, more
time, more wood, and human physical exertion would have been saved by hollowing the
resonating chamber completely, through the back, and attaching the top and back plates
afterward. This method makes an easy job of ensuring a hollow space between the back plate and
the rib, where tools have difficulty reaching (Fig.7).

Figure 7: Cross section of body.
After gluing the back plate to the garland, it was necessary to attach the neck. This process
seemed straightforward from my initial planning, but once I consulted the iconography for
details of the heel, I realized a significant challenge. The neck heel join appears curved, not flat,
as one would expect of a neck separate from the sides and body. The join follows the curvature
of the scalloped sides, which would indicate a model that does not have a separate neck. My only
choice now (aside from starting over) was to carve the neck heel join at the same rate of curve to

the scalloped garland, and to chalk-fit them together (Fig.8). This process seemed overlycumbersome and time-consuming, a significant setback to my streamlined plan. In the end I
managed to complete a snug join, but not without considerable trouble setting the neck angles,
and a nagging fear of separation from the body. I finished the job with a brass screw, hidden
inside.

Figure 8: Neck joined to carved garland.
Another challenge presented itself with the making of the fingerboard. Whereas the tailpiece
(depicted in the same shade as the fingerboard) matches the bridge curvature, the fingerboard, at
least toward the pegboard, seemed flat. This setup, while not completely impractical, would
mean that the player would need to adjust his fingering separately for each string, as the distance
required to stop each string against the fingerboard would vary. However, upon detailed
inspection, the bridge-end has lines which converge upward, not along a plane. While initially
obscured by the carved decoration at the end of the fingerboard (which matches exactly the
bridge’s underside arch!), these lines seem to indicate a curvature which is much the same as the
bridge and tailpiece at one end, and nearly flat at the pegboard/nut (Fig.9). In order to achieve
some of the visible projected angle, I carved into the neck, tilting the gluing surface downward
toward the pegboard. The resulting boxwood fingerboard passes just over the soundboard with
enough angle for the strings to meet the bridge, and the strings do not rise significantly from the
plane of the fingerboard.

Figure 9: Fingerboard end profile.
Lifting it from the Shelf
The original intarsia makes use of various shades of wood to produce a glare effect on the
instrument’s right side. I interpret this to relate to some type of polish or varnish on instruments
of that time and place. For finishing my reconstruction, I used minimal coats of violin oil varnish
over a ground of gum arabic--just enough to seal the wood and lightly protect it. Having copied
the bridge shape and curvature directly from a print, it was now time to string the instrument.
There is no visible nut on the image, but we can assume that the strings were somehow stopped,
due to their depicted angular drop below the pegboard. The stop could have even been facilitated
by the raised edge of the pegboard itself, which may have acted as a nut. I decided to create a
thin nut just beyond the edge of the pegboard. Though out of view in the intarsia, I assumed that
two small windows would have allowed the strings to pass beneath the pegboard. The image
shows the tuning pegs fanning outward slightly, which would give the player’s hand more room
to tune each peg. It would also decrease the angle by which the strings meet each peg inside the
pegboard, allowing for smoother tuning of the strings. We must assume the pegs were of some
type of strong hardwood, since they are shown with long thin, shafts and wide “mickey-mouseear” heads, which can create a good deal of leverage. It could also mean that the strings were
tuned at relatively low tension. The pegs of the lira are the same shape as those on the lutes of
the studiolo.

The cuts and inlay for each of the five strings on the intarsia are roughly the same, meaning that
there appears no difference between string gauge across the instrument. It should be cautioned
that the drone string, since it has a longer stopped length than the rest of the strings, would have
a lower pitch, if in fact all strings were tuned to the same note. That sort of literal reading of the
image is redundant, even nonsensical, but it should perhaps serve as a ‘blank slate’ for
understanding possible tunings of off-board drone fiddles. The cuts and inlay for the strings are
among the finest throughout the intarsia, perhaps reaching the limits of available inlay
techniques. It should be noted, however, that all strings are much thinner than the tailgut, which
terminates above the tailpiece in either a frayed knot, or a stopper bead. We can speculate as to
which material the artist meant to represent. It is not uncommon for intarsiated strings to appear
of uniform gauge on a single instrument, whether on one of the Urbino studiolo’s lutes, its
keyboard, or on one of the instruments in Federico’s other studiolo in Gubbio. I strung my model
using only three gauges of equal tension in order to test various registers. I was able to run a
single string in a loop from the tailpiece to two pegs without trouble. I tuned each string just
before its breaking point, and settled them into consonances.

Figure 10: The finished Urbino Lira.
The configuration of lateral brace without soundpost yielded weak results. While the instrument
was lightweight and rang like a drum when struck upon the backplate, the bow could produce
little more than a thin, pinched sound at low pressure, and a wolf-tone disrupted, body-less,
scratchy noise at high bow speeds. The soundboard did not flex beneath considerable pressure.
Frustrated with the weak sound, I removed the brace (I was able to knock it free using a chisel
from outside the wide soundholes), and re-tuned. While the unbraced soundboard flexed slightly,
the sound was suddenly booming and rough, much louder than I had expected. However, under
high pressure from the bow, and at high bow speeds, the wolf-tones persisted. Since the wide

soundholes provided easy access to the interior, I fitted a soundpost beneath the treble bridge
foot. In the case of an instrument with a flat soundboard and flat back, a post can be positioned
anywhere inside the instrument with ease, and the Urbino lira’s soundholes allow access with the
hands. The result was an astonishingly bright, balanced sound, free of wolf-tones, and generally
clear across the drone and the lower and higher-pitched “courses”. With the post in place I did
not worry about profuse pressure upon the soundboard from the bridge, but there was slight
sinkage beneath the unsupported bridge foot. The introduction of a second soundpost cut the
sound back, as if the lateral brace had been reinstalled. I decided to leave the single soundpost in
as the only support.

Figure 11: The finished Urbino Lira, bottom view.
The playing architecture of the instrument, which includes the bridge curvature, bridge height,
depth of outline indentation (bow clearance), string angle projection, string spacing, and
fingerboard shape, is available to any viewer of the original intarsia. However, it is not until the
reconstructed model is played that the goal of this type of setup becomes clear. Within any single
stroke of the bow, three strings may be sounded at once, depending on the tension and gauge of
the strings. Two strings may be sounded together on either the drone side or the ‘upper’ side. The
drone or the upper string may also be bowed alone, but with minimal clearance for the bow. It
would be very difficult to use this type of instrument for a single-line of vocal polyphony, or for
monophonic “dance” music associated with the London MS 29987 or the Codex Faenza. The
Urbino lira’s strength would be in sounding chord blocks, with the possibility of stopping any
string but the drone, and adding freely-fingered lines on the upper two strings.

Figure 12: The finished Urbino Lira, side-on view.
Conclusion
“...and he will take his own age into account; because truly it is uncomfortable and
unseemly to see a man of any social standing, white-haired, toothless, wrinkled, playing
with a viola in his arms and singing in the midst of a company of women, even though he
did a passable job, and this, because most of the time when singing one speaks of love,
and in old men love is a ridiculous thing; albeit that it sometimes seems that he enjoys—
amidst some others of his miracles—to excite and delight frozen hearts despite his age.”
Il Libro del Cortegiano, Urbino 1528

Known in modern enthusiast circles largely for his fondness for the consort of viols, Baldassare
Castiglione warns the good courtier against mixing too openly with the pastime of il ‘cantare
alla viola’, while still attesting to its emotive power. He surely speaks of the instrument that we
know as the lira da braccio, which must have been commonplace in Urbino roughly fifty years
after the construction of the palazzo. We would not consider Urbino to entertain anything but the
finest and most fashionable musical practices by the turn of the sixteenth century. The ‘viola’ of
the old man and the ‘viola’ of the man of any social standing likely resembled the type of lira da
braccio that was written for in the Pesaro MS, and which appears in iconography from that
specific time. Yet, if Castiglione ever visited Federico de Montefeltro’s studiolo, he would have
seen another type of viola. Would he have viewed the intarsiated instrument as a relic of past
centuries, an instrument completely alien to the city’s current performers? Perhaps he would
have been familiar with its shape. What sort of music would jump into his imagination upon
recalling this older variation of viola?

Federico de Montefeltro was a man of great versatility, and he had been trained, amongst other
humanist subjects, in music. In the second half of the 1430s, when Federico was just twelve
years old, he received an education in Mantua, at the Gonzaga court and in the famous humanist
school Casa Gioiosa. This progressive school would have had a lasting impact upon his memory,
and arguably shaped his philosophy toward government. 9 The time spent at Casa Gioiosa
learning would have greatly contrasted with his later teenage years, for his career as a mercenary
began when he was only sixteen. Federico did not fully retire from the warlord’s life until he was
in his fifties. From 1468 until his death in 1482, his energy was directed toward the construction
of palaces, the collection of books for his library (which was rivalled only by the Vatican),
patronage of the arts and famous intellects, and toward the civic governance of Urbino. He
decorated his palace, his refuge in the studiolo, with portraits of ancient heroes of the intellect,
and immortalized subjects in wood that would best represent his philosophy and his mind. 10 The
studiolo was for him a place of comfort, and for guests a powerful collection of political
symbols. We can be sure then that when he looked upon his lira - and he saw it more than any
other person - he was satisfied with its every aspect, and felt that it represented him well.
It is my suspicion that Federico’s lira could be a stylistic product of the first half of the
fifteenth century. Had he meant to represent the fiddle as it existed in the 1470s in Urbino, at the
time of the construction of the studiolo, it might have shown features of the ‘classic’ type of lira
da braccio: seven or more strings with two of them arranged as bordoni, a pointed, leaf-shaped
pegboard, possibly pointed corners, smaller soundholes placed higher on the body, and a curved
soundboard. If Federico de Montefeltro had had any formal training with the fiddle, it would
have been before 1437, when his career turned toward military activities. Coupled with
Federico’s desire to promote humanism that was rooted in ancient times, the display of this
instrument’s seemingly unique features could be meant to invoke an older musical culture.
Considering that we have access to a great deal of trecento iconography showing fiddles, the
shape of the Urbino instrument is still basically indistinguishable to many of those featured in
fourteenth-century paintings. Were its likeness to be unearthed from some trecento time-capsule,
we would not be shocked or confused, but would instead dutifully add it to the corpus of trecento
pictures with musical subject matter.
I have chosen to term Federico’s instrument lira because of the place it should occupy in our
current understanding of medieval fiddles and liras da braccio. While there may be distinct visual
stylistic differences between what we would call a medieval fiddle, or viella, and a lira da
braccio, the Urbino instrument explicitly challenges the notion that the lira da braccio served a
separate technical and musical function to its predecessor. Despite its ‘medieval’ shape and
string count, there can be little difference between the physical method of playing the Urbino
model and the lira da braccio of twenty-five years later. I believe it helps our notion of the
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musical role(s) of the Italian fifteenth-century fiddle to call it a lira, because it dispels many
implausible assumptions of performance practice stemming from outdated scholarship.
The mode of construction of the Urbino lira is similar to what is currently understood of liras
da braccio, namely, that the body and the neck were carved, and the soundboard and backplate
were subsequently attached. This mode does not correlate with our few surviving medieval
instruments, which are monoxcylic (carved from a single block). While we cannot be sure that
Italian fiddles were always made in a monoxcylic form, we can deduce, from this depiction of an
early lira, that a mixed or built-up approach was at some point adopted. Perhaps the method was
utilized much earlier than we thought. I would like to present this project as a demonstration of
how, through the chronicling and explanation of workshop decisions, broad historical concepts
might inevitably be reordered, developed, or dismantled altogether. Instead of a curiosity for
enthusiasts, I believe that the Urbino lira should be treated as the fabled mosquito frozen in
amber, which may be instrumental in resurrecting the previously unheard Italian fifteenth
century.
Jacob Mariani
I would like to thank Richard Earle, Randall Cook, Crawford Young, Baptiste Romain, Marc
Lewon, Félix Verry, and Grace Newcombe for their help in this project, and during the
preparation of this article.
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