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Christopher Goodwin

This is the first Q of this subscription period (nos. 137-140), the spring issue, just a couple of
weeks later than planned. Thank you to contributors for a pretty well balanced range of Comms,
covering plucked strings, woodwind and keyboards, only bowed strings and percussion being
absent; and with extremely practical topics covered – amplification, music stands and string
winding problems. We are indebted to Jan Bouterse for two more instalments of his magnum
opus on woodwind making, fortuitously complemented by Filadelfio Puglisi, who has produced
notes on embouchure cutting, sent to him by a physicist, the late Arthur Benade.
Please note that Jan Bouterse’s Comm 2069 is accompanied by a PDF, in high resolution of
photographs of a Stanesby flute once owned by Frans Brueggen. It was thought better to send
out this material in the form of a separate PDF for the purposes of printing, zooling and scaling.
Those who have not already paid for 2017 will find a copy of the year’s subscription form
herewith, as a PDF, and in paper form when you receive the hard copy. Our policy nowadays is
that we send out ONLY ONE printed issue of the Q on a benefit of the doubt basis to everyone
who was a member last year. You will start to miss issues soon if you don’t renew.
Welcome to new members
We welcome two new members this quarter: Rufus Acosta, Alberto Grazzi, Mathias Wiedman,
and John Greenhalgh.

STANDING CALL FOR PAPERS
The Fellowship of Makers and Researchers of Historical Instruments welcomes papers on all
aspects of the history and making of historical musical instruments. Communications or
‘Comms’ as they are called, appeared unedited (please don’t be libellous or insulting to other
contributors!), so please send them EXACTLY as you wish them to appear – in 12 point type,
on A4 paper with a 25mm or 1 inch border all round, or to put it another way, if you are using
non-European paper sizes, then the text area must be 160 x 246 mm (or at least no wider or
longer than this). Our printers make a good job of scanning photos.
In naming your Communication, remember that people will search for it online using
keywords. So if you are discussing, say, a Ruckers harpsichord in Paris, call it ‘Observations on a
Ruckers harpsichord in Paris’, rather than ‘Observations on a curious old instrument.’
You can send contributions EITHER on paper, OR as a Word-compatible or PDF
attachment. If you really do not have access to a word processor of any kind, we may be able to
retype typed or handwritten submissions; send it to our cover address.
and the email address for Comms sent as attachments (and other email correspondence) is
Lutesoc@aol.com or secretary@fomrhi.org
Non-members will be given a year's free subscription if they send in a Communication to the
Quarterly.
If your interests have changed, and you don’t now want to be a member of FoMRHI, please let
us know, to save postage costs.
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Arthur Robb

Lute amplification: old technologies meet new

Not enough thought has been given to the amplification of lutes for public performance, although
guitars, both classical and steel string, are regularly and sympathetically amplified.
As well building lutes, I have made and repaired steel string acoustic guitars and have fitted
amplification to many. I am a pickup installer for Headway Music Audio Ltd. of Oxford. Outside of work hours, I’ve played in rock bands, jazz bands and folk groups giving me the chance
to observe and use various amplified musical instruments. One of the bands owns an Allen and
Heath 20-channel powered mixer and speakers which have proved very useful for testing amplified instruments.
To help understand the possibilities of lute amplification, here is a summary of current methods
of guitar amplification.
Guitar amplification today
The most obvious method of amplifying a guitar is to place a microphone (mic) in front of it.
Although this can work well and is often used for recording, the instrument needs to be kept at
a fixed distance from the microphone, not always an easy task when performing in front of an
audience.
A second technique involves using piezoelectricity. This is electricity generated when particular
materials are squeezed or submitted to pressure. The material is so sensitive to pressure that a disc
about 15mm in diameter attached to the inside or outside of a guitar will generate an electric
signal that can be used for amplification. This device is known as a bug and is common and often
inexpensive. The sound from these bugs is often not very accurate, and worse, unless fiercely
glued in place, they can fall off at the most inconvenient moment.

A typical bug attached to a 1/4 inch jack socket. The socket and bug are attached to the outside
of the guitar using double-sided tape.

Better quality bugs are available. One company that makes them is K&K in Oregon. They are
more expensive, but create a much more realistic sound. K&K have developed various systems,
some using arrays of bugs inside the guitar.
The same piezo material that is used in bugs has also been used to make pickups that fit under
the saddle of the guitar. The strings press down on the saddle which transmits the string vibrations
to what is known as an under-saddle pickup. Under-saddle pickups are commonly and successfully
used on both Classical and steel string guitars. There are many manufacturers; Ashworth, Fishman,
Headway, Martin to name a few.

An Ashworth under-saddle pickup in the bridge of one of my own guitars.
In the world of music amplification, it is common practice to raise or lower the volume of high,
middle or low frequencies of a sound. This is done with an electronic tool known as a graphic
equaliser. Boosting or reducing bass or treble can help to help create a more natural sound. The
sound is said to be EQ’d (for equalisation). Graphic equalisers come in many types including
some mounted in control boxes fitted into the side of a guitar.
There are drawbacks to using under-saddle pickups. They create a sound which is particularly
strong in certain higher frequencies. Often this can be heard as the final reproduced sound,
though a bit of EQ can be very effective. There is also an occasional concern that the acoustic
sound of the guitar is altered by the presence of the under-saddle pickup. However, this is still the
most common form of guitar amplification.
The Oxford based company Headway is supplying a new type of under-saddle pickup, the Snake.
It looks like a metal sheathed cable just under 2 mm in diameter. It is easier to fit than some other
types and, in my opinion, gives a very accurate representation of the sound of the guitar.

The Headway Snake

The Headway Snake attached to a 1/4 inch jack socket. The jack socket is usually
fitted through the end block of the guitar and doubles as a strap holder.
All of these methods generate a tiny amount of electricity which can be amplified and passed
to speakers. The electricity from the piezo materials is so very small that it benefits from an

intermediate amplification before it gets to the main amplifier. The intermediate device is called
a pre-amplifier (pre-amp).
Piezo materials generate electricity in the region of a millionth of a volt, abbreviated 1 μV. A
pre-amp amplifies this by a thousand times to a roughly a thousandth of a volt, or one millivolt,
abbreviated to 1 mV. Most mics have similar outputs of a few millivolts and all amplification
systems will easily accept this level of electrical signal.
Headway make two types of pre-amp worthy of mention. The first is their EDB-2. This is an
electronically sophisticated black box, 138 x 93 x 38 mm, which accurately amplifies the signal
from the pickup. It also includes a volume control, graphic equaliser and much more. These preamps are not inexpensive, but they are excellent. In use, they can be attached to a music or mic
stand, be worn on a belt or simply rest on the floor.

The Headway pre-amp EDM-2.
Headway’s second type of pre-amp, the HE4/G.FEQ., is miniature and fits inside the guitar. It
is a cylinder 70 mm long and 13 mm in diameter. It is attached to a 1/4 inch jack socket which
is mounted in the rear block of the guitar. Pre-amps require power, so a 9 volt battery is needed
inside the guitar. The battery is best fitted to the front block and lasts about a year. It can be replaced when the strings are changed.

Headway’s miniature pre-amp, jack socket, Snake and battery.
If the pre-amp and battery are a little heavy for very light instruments, at least that weight does not
interfere with the soundboard. The reproduced sound from this system is powerful and convincing.
The wire (lead) which connects the piezo pickup to the pre-amp is very vulnerable electronically. All wires can act as antennae, picking up electronic and radio signals from mains, electric

machines, computers, taxi radios etc. These unwanted signals are called interference. The longer
the wire the stronger the interference generated.
The electric signal from a piezo pickup is minuscule and can easily be overwhelmed or just
spoiled by interference. Often this appears as a strong hum or hiss. It is therefore important to
keep the lead from the pickup to the pre-amp short; less than a metre is recommended. This is
one reason why mounting the pre-amp inside the guitar is so successful—the wire connecting the
pickup to the pre-amp is extremely short.
Yet another method of amplification is to use a miniature mic mounted inside the guitar. Some
of the best acoustic guitar amplification that I have heard has come from blending the sound of
a piezo under-saddle pickup with that of an internal microphone.
Electric guitars work on a different principle. Moving a metal wire through a magnetic field
generates electricity. Electric guitar pickups use that principle and create electricity directly proportional to the vibration of the metal strings above them. This will not work on lutes or classical
guitars as they do not have metal strings. Steel string acoustic guitars and many other wire-strung
instruments can use this principal.
There are magnetic pickups for steel string guitars which fit in the sound hole. Some of these
also have a small mic attached and the system blends the signal from magnetism with that from
the mic. Such combinations can be very flexible, producing accurate acoustic sounds as well as
unusual and innovative tones.
Two current examples of lute amplification
There are several reasons why the amplification of the lute will always be different from that of
the guitar. First, the lute is lighter, weighing about two-thirds as much as a guitar, and care is needed
not to add too much weight to the instrument. Second, the lack of a sound hole means there is no
access to electrical equipment fitted inside the instrument. Lastly the bridge design is different from
that of a guitar and does not use a saddle, rendering most under-saddle pickups unusable.
Nevertheless, there are some successful examples of lute amplification. Ronn McFarlane, a lutenist from the USA, has been using amplified lutes for some time. He writes:
. . . I have K&K pickups on four of my lutes, and I’m pleased with them (made in Oregon). The array
of four piezo pickups are glued inside the body of the lute, beneath the bridge. Sometimes I also run
it through a Headway DI box [pre-amp] (made in the UK) before the signal reaches the amplifier.

Lynda Sayce and Charlie
Lynda Sayce is a well-known British lutenist who is not afraid to push the boundaries of lute
authenticity. David van Edwards has made her a large and beautiful theorbo after a 1614 instrument by Matteo Buechenberg in the V&A Museum, which she calls Charlie. The usual method
of airline travel for a musician who plays a large instrument, is to purchase an adjacent seat for
the instrument. Cellists do this regularly. However, at over 2 metres long, Charlie is too large for
an aircraft seat.
Before construction, David and Lynda devised a very clever method which allows both the neck
and case to fold. She and Charlie can now travel on commercial aircraft, and together, they have
toured Europe, Africa and the USA.
In 2011 Lynda asked if I could help her amplify Charlie. She wanted gentle amplification to
enable her to play background music for social events.
I suggested using the Headway Snake on Charlie. I had to do a few modifications to the Snake
(a small amount of soldering) and Lynda found a way to mount it on Charlie’s bridge. The Snake
sits in the groove at the rear of the bridge. The Snake connects to a Headway EDB-2 pre-amp
and then to a small amp (AER Compact 60 acoustic amp) which is concealed beneath her chair.
People rarely notice that the lute is amplified.

Charlie’s bridge and the Snake

An amplified lute
Then, in 2013 Lynda Sayce asked me to make an amplified 7-course lute for her. The lute was to
be easily plugged into a mixing desk or amp, just like many acoustic and electric guitars. It would
be used on-stage, in performance, at functions and in workshops. The amplified sound was to be
very close to the natural sound of the lute.
What follows is a description of the development of the electronics for the amplified lute. I first
considered the the Snake but it has to be mounted on the outside of the lute. I saw no easy way
to fit a socket for the Snake to the lute. Also, as mentioned before, the tone of piezo pickups is
slightly untrue. There might be a better way.
I approached Drew Calderbank, a professional sound engineer. We have worked together many
times and I knew he was familiar with amplification. When told of the project, he immediately
thought a microphone might give a more accurate lute sound. He suggested a lavalier mic, the
type used onstage for plays, musicals, TV, etc. They are very small, often being lost in the performer’s clothing or hair. Their sound reproduction is very accurate.
Drew suggested we use a high-quality lavalier mic made by the Danish company DPA Microphones, the DPA 4061. Although originally intended for use with voice, it is also an excellent
instrumental mic and is sold with adaptors to fit various instruments. The mic is 4.5 mm in
diameter and its housing 12 mm long.
The 4061 mic is not cheap, so for testing, we hired one. In Drew’s studio we attached the 4061
to Lynda’s theorbo with Blu Tack. As Lynda played, I moved the 4061 to various positions on the

soundboard while Drew tried different settings on the mixing desk. In the end, Lynda, Drew and
I all agreed that the DPA 4061 produced a very realistic lute like sound.
The 4061 now needed to be tested inside a lute. My second lute was built in 1976, and was still
in the workshop. It owed a lot to Harwood and Isaacs and my then weekly lutherie tutor, Charles
Ford, but was still basically sound. I decided to use this lute to develop ideas.
The Test Lute
The concept of fitting a mic inside the lute and having a socket in the front block was growing.
My lute number 2 became ‘The Test Lute’. It certainly needed some work after 40 years of knocking around the workshop. Several bars were loose, there were cracks in the ribs and its pegs had
long ago been been used on another lute. I removed the soundboard, attached some lighter barring, repaired cracks and, on the lathe, I turned a set of simple apple pegs.
Before the soundboard was replaced, I cut a hole in the back of the lute naming it ‘The Hatch’.
This would allow access to the inside the lute without needing to remove the soundboard.

The hatch cut out of the body—the removed wood becomes ‘The Hatch Cover’
The hatch cover was given a boxwood edging to compensate for lost wood. The hatch itself received another edging, this one to hold small brass nuts. The hatch is held in place with small
brass bolts. The circular hole near the neck/body joint is a first (of very many!) attempts to fit an
electric socket to the lute.

A length of 2 mm flexible wire was glued into the front block to allow the 4061 to be attached
to it and placed in various locations inside the test lute.

One the right, the DPA 4061 mic and on the left its electrical connector,
the recently invented Microdot.

The soundboard has been replaced and the mic located inside the lute.
Attaching the 4061 to the flexible wire, the mic was tested in various locations inside the lute.
The best position for it was about 25 mm below the bar closest to the rose (the one between the
rose and the rear of the lute) and slightly towards the treble side of the rose. The sound was clear
and concise with no hint of boominess or echo from being enclosed. We had found the mic and
established its position.
Wiring the DPA 4061

Three types of connector: on the left, the new Microdot, in the centre, a mini-XLR, on the
right, a standard XLR. These are all jacks and they plug into comparable sockets.
Most amplification systems are fitted with XLR sockets and most microphones have XLR jacks.
The two work well together using a lead that has an XLR jack connected to an XLR socket. The
XLRs are very common.

A newer, lighter and smaller version of the XLR is the mini-XLR. Both the XLR types have three
pins, one for earth (return of electricity) and two for electrical signals. These two can be used for
stereo, or for two separate signals if needed.
The 4061 has a pre-amp which requires electricity and it uses the third pin for this. When the
amplification system supplies electricity in this way it is known as ‘phantom power’. The Microdot is a more recent invention and so far, seems only to be used by DPA.
The pre-amp for the DPA 4061 is small but comes inside a rather heavy and sturdy metal
casing. Besides all its electrical jobs, it allows the lead from the mic, with its microdot jack, to
connect to a XLR socket.

The DPA 4061 pre-amp
There were several problems to overcome to fit the 4061 and its pre-amp inside the lute. First,
the pre-amp was too heavy. Second, the pre-amp connected to XLR, a system also too heavy. A
mini-XLR socket in the front block seemed better. Lastly, the mic had a long and delicate lead
not suitable for the performance floor.
Looking for solutions, I first found that the metal casing on the preamp unscrewed easily and
the pre-amp worked perfectly well without it. It was now light enough to be inside the lute.

The pre-amp without its casing; gold XLR jack on the left and Microdot socket on the right.
I needed a way to connect the XLR output from the pre-amp to mini-XLR. I eventually found a
type of XLR socket which came apart easily—most do not.

A dismantled XLR socket
The only part of the XLR socket used was the dark plastic connecter at the bottom of the photo.
This was very light and fitted to the pre-amp perfectly. The pre-amp plugged into a partially dismantled XLR socket.

Wires soldered to the XLR socket connect to a mini-XLR jack fitted on the outside the front
block. It all tested well and the weight was, I thought, acceptable.

The first position of the pre-amp
I attached the pre-amp and socket to the soundboard using clips provided by DPA and doublesided adhesive tape. This did not work at all as the pre-amp circuit board and socket kept falling
out of the clip and the double-sided tape failed repeatedly. Also note the very long mic lead.
It was suggested that the pre-amp unit could be attached to the hatch cover. A broom clip did
the job.

Hatch cover and broom clip.
Self-amalgamating tape expanded the diameter of the XLR socket so it fit snugly in the broom clip.

Hatch cover and pre-amp.

The 4061 mic was sent away to have its lead shortened. The hatch cover had been rather ill-used
so I reinforced it with a linen backing.
Testing the Test Lute
I felt the Test Lute was ready, the lute played well and the microphone and its pre-amp worked.
Lynda visited and played the Test Lute through the Allen and Heath powered mixer. The sound
was realistic, powerful and adjustable. All were pleased.

Lynda playing the Test Lute in my living room in Malmesbury.
However, the socket for the lead was on the treble side of the front block and this interfered with
the left hand high up the neck. One last mini-XLR socket was fitted, this time to the bass side of
the front block, using a locally manufactured stainless steel washer.

Jacks and a strap holder fitted to the front block.
The test lute was finished in summer 2016. Lynda played it one more time and all seemed well. I
began work on a new 7 course amplified lute for her. Lynda and her partner, Freddie Cale, have
been extremely helpful and supportive of this project.

Lynda Sayce and Freddie Cale.

Front of the 1976 Test Lute; rear of the Test Lute showing hatch, mini-XLR able plugged in - the
other end of the cable is XLR and plugs into any amplification system.
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Eric Franklin

A table stand for very large scores
I’ve seen many a table stand but few that cope with larger music books or tablature that exceeds
three sheets. Here’s my solution to the problem of playing from a particularly large score, the Glasgow University Press facsimile and score of the Balcarres lute book, which you may build as is or
adapt as you see fit. I’ve chosen a sliding clasp to close the stand but, if you don’t have the materials
or skills to build it, you might wish to substitute a couple of ‘C’ catches and screws or simple turnbuckles attached to the side panels. Maybe you’d prefer to drill some holes through centre and side
panels when assembled and use a bootlace to tie it securely.
You will need standard woodworking tools and a bit of common sense. Study the plans and photographs before you start.
You will need:
A needle drill about 0.3mm thick and a suitable pin chuck or miniature hand brace to predrill holes
for the panel pins.
If you copy the clasp you will need a small pen sized gas torch for soldering plus some solder, either
plumbing or electrical grade. Clean the surfaces with steel wool before soldering.
4 or 5 mm plywood, 1metre x 50 cm sheet plus 50 cm x 50 cm sheet or similar
A short length of 1 cm diameter dowel
Eight small brass hinges with brass panel pins. (Heavier grade is unnecessary and likely to involve
you in cutting rebates into the ply to fit snugly).
Thin sheet brass – 1mm thick, 5 cm x 20 cm or thereabouts
Brass rod or tube – 3-4mm diameter about 20cm long
Small woodscrews
A sheet of self-adhesive felt.
Mark and cut out the ply components. Butt together the main and side panels and mark the hinge
and pin positions, but don’t assemble yet.
Cut the triangular ‘legs’ and mark their position on the centre panel, then mark the hinge and pin
positions. Make sure they are both facing the same way and that they will hinge closed with the
points on the outside edge of the centre panel.
Drill all the holes for the panel pins. Should you have made them too wide, put a drop of quick
setting epoxy adhesive in the hole when assembling.
Install the legs first and put a strip of the self-adhesive felt along the edge that will contact your
host’s precious table surface.
From scrap ply, cut the turnbuckles and drill the holes for the woodscrews to go through them.
Drill the pieces of dowel that will form their supports. The hole should be wide enough to permit
the woodscrew to turn freely.
In turn, lift the legs into position. Butt the turnbuckle against the top edge of the underside of the
main panel and the upright leg. Mark a line through the hole at right angles to the top of the centre

panel using a try square. Fold the leg flat and place the hole of the drilled dowel over the pencil line,
against the short edge of the leg. Mark through the dowel on to the underside of the centre panel
on to this line. Do this separately for each turnbuckle to allow for any difference between the two.
Drill a pilot hole through each pencil mark and assemble the turnbuckle and its supporting dowel.
Check that you can fold the leg up and down and lock it in place in both positions with the turnbuckle. If you’ve boobed, fill the misplaced hole with a matchstick coated with quick setting epoxy
adhesive, let it set, trim and start again.
Fit the side panels and hinges.
File any protruding ends of panel pins or woodscrews.
The clamp is easier to assess and make from study of the photographs and plan than it is to describe. You will need to bend the brass over a suitable former such as a steel rod or tool shank of
1cm diameter and bending and soldering will be much easier if the brass is thin. However, too thin
and, in use, the clasp will bend. The slides for the rod, fashioned from the same sheet brass, must
be long enough for the clasp to lift and swing free from the folded stand. The ends will need to be
drilled for the screws that anchor them to the underside and top edge of the centre panel. I’ve used
countersunk screws but dome headed will work equally well in these positions.
Finally, I built the prototype from wood strips but you would find ply much easier and neater. If
you want gaps or patterns in the boards, drill through and use a fine-toothed jigsaw to cut before
assembling. Leave plenty of room around the hinges for strength and practice cutting on some spare
ply, first. Happy craftiness!
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Chris Egerton

The Ledbury Lute: varnish, gilding and painted decoration.

Abstract
The Ledbury Lute c.1800 has surface treatments of black varnish, gilding and painting.
The materials and techniques used in producing its decorative appearance are ancient
and traditional. Contemporary and historical publications indicate the methods and
materials that were available and most likely used. This article describes how they were
applied on the instrument and discusses some issues of conservation and cosmetic
integration for museum display.
Introduction
The Ledbury Lute is a rare example of the ‘Modern Lute’ or Regency period 1 ‘Lute’ dating
from about 1800. I identified the instrument in a small museum collection in Ledbury,
Herefordshire thanks to some museum collection photos posted by Erik Langstrom in the
Lute Society Lutezine. I had been collaborating with Taro Takeuchi on conserving and
restoring a series of Regency instruments namely Harp-Lutes, Harp-guitar and ApolloLyre (guitar) and Taro pointed out that although the terms ‘Lute’ and ‘Modern Lute’ were
used in some of the tutors and published music for these instruments there were
apparently no reliable extant examples, engravings or paintings 2. The tuning, stringing
and probable form of the instrument was known from Armstrong’s book 3, so when I saw
the photos in Lutezine I recognised the object as an apparently exact intact example as
described in the tutors 4 to which Taro had referred.
I undertook conservation and restoration of The Ledbury Lute as well as giving it the
catchy name and I gathered information and data for future analysis and publication. This
brief article covers aspects of its original surface treatment and decoration.

The varnish and gilded decoration
The varnish and gilded decoration of The Ledbury Lute is similar to that seen on other
instruments and artefacts of the period and was doubtless designed and dictated by
contemporary fashion and practice. The skills and techniques applied are ancient, but
modified by the ideas, style and availability of materials of their time. ‘Japanning’,
painting and gilding were well-established crafts applied to furniture, picture-frames and
to musical instruments5 usually by skilled operatives, gilders and painters, who could be
contracted to finish manufactured goods, either in outsourced dedicated workshops or ‘in
house’ if the manufactory was large enough. The Ledbury Lute is labelled as by
‘BUCHINGER Maker’ however it seems more likely that it was made by his son-in-law
Alexander Meek Barry who was an established harp-maker based in Soho and who made
Harp-lutes for Edward Light 6. Whether the final finishing was done in Barry’s or
Buchinger’s premises is not known, but they would both have had good contacts in the
London trade who could easily fulfil their requirements.
Preparing the wood surfaces
Conventional maple and spruce woods were used in The Ledbury Lute. Their quality, in
respect of beauty or decorative grain appearance was not relevant, because the overall
finish concealed most of the wood’s natural surface. The bare wood of the completed lute
would have initially been brought to a high surface smoothness by scraping and ‘rushing’ 7
followed by one or more coats of animal-glue size. Concentrations of around 12% wt/vol
upwards are useful mixes for this purpose. Glue solution penetrates the outer wood layer
and on drying consolidates and stabilises its micro-surface as well as ‘filling’ the grain.
Even though bare wood can be rendered very smooth, the natural features of hard and
soft grain areas, as well as the open pore channels require infilling treatment to obtain a
stable, even, flat, impervious substrate for subsequent applications of varnish or other
media. Minor imperfections of holes, knots or splits would be filled in at this stage using
a mixture of glue and sawdust or glue and chalk or similar. After thorough drying
(probably a day or two) further rushing would have been applied to bring the surface to
optimum smoothness ready for the next stages.

Image 1: Back view of lute showing ‘japanned’ or ‘ebonised’ finish.

Varnish
The back, sides and neck of The Ledbury Lute are covered in a black, almost opaque
varnish sometimes referred to as a ‘Japanned’ or ‘ebonised’ finish (Image 1). It was widely
used on 18th and 19th century furniture and other artefacts and it consists of a varnish
medium incorporating a black pigment. Although several types of varnish and black
pigment were known and used. ‘The Golden Cabinet....’ handbook of 1793 8 gives a typical
recipe that would be suitable for a wooden musical instrument:
‘ Of black japan grounds', [to be produced without heat.]
Black grounds may be formed by either ivory-black,
or lamp-black: but the former is preferable, where it
is perfectly good 9. These may be always laid on with
the shellac varnish and have their upper or polishing
coats of common seed-lac varnish; as the tinge or
foulness of the varnish can be here no injury’ 10.
A mixture of ivory-black pigment in shellac solution would have been applied to the
instrument using a fairly broad flat brush and working quickly as the alcohol-based
varnish dries fast in normal room temperatures. A typical solution of about 15% shellac
would have been used (about 3oz of shellac to 1 pint of alcohol 11 {85gm to 568ml}), with
enough black pigment added to give the desired colour density. The ivory-black pigment
consists of about 10-20% carbon and the rest basic calcium phosphate (Ca10(PO4)6(OH)2)
and calcium sulphate (CaSO4) 12 the latter two probably improve the hardness and
toughness of the applied layers. At least two coats of black mixture would be applied in
quick succession allowing the first coat to dry sufficiently in anything from a few minutes
to a quarter hour depending on the temperature and season. The manuals stress the need
to conduct varnishing in a warm environment. Cold, damp atmospheric conditions are
problematic for rapid-drying varnishes as atmospheric water-vapour condenses on the
surface when the solvent evaporates and chills the varnish layer to below the prevailing
dew-point temperature. Varnishing in a stove-heated room or in the shade in warm spring
or summer would be an ideal arrangement.
After allowing the black varnish layers to dry for perhaps a day or two and applying a
light rushing, multiple build-up coats of seed-lac solution of similar concentration would
be applied by brush. Careful and even application of shellac, working from the centre to
the outer edges without going over previous wet brush strokes was important 13. Possibly
five coats or more applied over several hours would build up the varnish layer thick
enough for subsequent rubbing down, although twelve coats applied in stages are
suggested by Stalker and Parker 14. Clear shellac solution is recommended by Spotswood
and Rice but Stalker and Parker 15 recommend the addition of Venice Turpentine (a
viscous resinous extract from Larch trees) and using less pigmented solutions of the
original black varnish to build up the layers. The Venice Turpentine would add toughness
and durability to the shellac film and the continuing inclusion of black pigment would
tend to even out any colour irregularities.
After a week or so of thorough drying comes polishing the surface with Tripoli powder
or a similar abrasive compound used on a cloth pad moistened with water. After a suitably
polished surface was obtained the pale-coloured Tripoli residue was sponged off and the
object allowed to dry. Oil, mixed with a little lamp-black was then rubbed over the surface
followed by buffing to dryness with soft clean cloths.
It is possible that the neck of the instrument was treated as a separate component. The
varnish layers appears to be thicker and the shape would conveniently lend itself to
varnishing and polishing separately before final assembly.

The soundboard of the lute has a black border, the rest showing natural spruce-wood
grain. However, it still has a fairly clear orange/yellow coating, probably shellac that may
have been modified or substituted completely with other soluble resins (for example
sandarac, benzoin, mastic or elemi) to improve its transparency and durability.
The fingerboard has a black varnish coating and is fitted with ivory or whale-baleen frets
set into sawn slots about 2.5 mm deep. Under close examination the fret sides are seen to
have a ‘meniscus’ of varnish. This suggests that the frets, as well as being original, were
fitted first and the varnish layers applied afterwards. Presumably the frets were fitted
higher than needed and then reduced, levelled and the whole fingerboard and frets
polished after the varnish was fully dry.
Gilding
The lute soundboard has a gilded decorative border and gilded lines around the ribs as
well as gold leaves encircling the soundhole. The border ornament consists of scrolls,
foliage, fictive cartouches and gadrooned globes, the designs of which probably came from
published pattern books of the day.

Image 2: Gilding close up
The gilding technique used appears to be ‘oil gilding’. That is: gold-leaf is laid onto a
design drawn in a ‘gilding-size’ consisting of a specialised varnish that during drying goes
through a ‘tacky’ phase that will accept gold-leaf. The result is a flat gold pattern that can
be manipulated to modify, enhance or add further detail. Gold applied in this way cannot
be burnished.
A design pattern can be transferred to an object in several ways and the transferred
pattern need not be completely detailed. Tracing paper can be used with black-lead pencil
or coloured chalk or using a pricked design outline on paper that is subsequently
‘pounced’ on to the surface using a small linen pounce-bag filled with very fine kaolin,
French-chalk or charcoal. Some types of motif that require a degree of repetition and

symmetry could be rendered with a cut-out template or a carved or engraved wood or
metal stamp.
The surface to be gilded is first applied with a light dusting of fine chalk or powdered
rouge to prevent gold-leaf sticking to where it is not wanted.
With the design outline transferred to the lute border the pattern would have been
sketched in using brushes and gold-size (gilders-size) possibly tinted with yellow pigment.
A skilled operative would work in a rapid, but careful freehand-style, taking care not to
go over areas more than once. The gold-size would then be allowed to dry for a period
until tacky and almost dry, but not soft. Gold-leaf would then be applied from a gilder’s
cushion using a squirrel’s tail ‘gilder’s tip’. The ancient method of cutting and lifting goldleaf using a cushion, knife and tip is well described elsewhere, so is not covered here.
Applying gold-leaf to the lute would have taken perhaps 20 to 30 minutes maximum. The
applied leaf would have been gently tamped and swept with a gilder’s-mop (a fat, soft hair
brush) and a soft cotton pad to secure stray fragments and sweep off loose, unattached
gold particles for recycling.
With the gold-leaf in place the design was further developed using a thin pointed wood,
ivory, metal or bone stylus to ‘engrave’ shading and clarify outlines. A stylus would part
the thin gold-leaf to reveal the black layer underneath giving the illusion of darker shadow
areas. This technique is used extensively in verre églomisé to a very high degree of
sophistication. Further detail or refinement was added with black paint or ink applied by
brush to define outlines or add strategic surface lines and shapes.
Once complete and dry the gilded areas would be varnished with a thin transparent
shellac-based varnish probably prepared specially for the purpose, to protect the gold
from wear and damage and perhaps to give it a pleasing tint.

Image 3: painted flowers
Painting
The painting adjacent to the bridge depicts leaves and white-pink flowers skilfully
rendered by brush. The flowers may be roses and probably had some symbolic
significance as yet undetermined. Judging by the translucent appearance of the flower
petals and the gradation of colour the painting was done using pigments in an oil-based

medium, possibly an oil-based varnish. This durable medium allows thinning of the paint
with solvent to impart colour translucency as well as enabling fluency of brushwork that
is more difficult using water-based/gum arabic based paint. However, there is good
counter argument supporting water-based paints that would have allowed speedy
execution and more rapid drying, although a coat of clear varnish would have been needed
to protect a watercolour image. William Reeves was producing ready-made watercolour
paints in tablet or ‘cake’ form by the 1760’s 16 , so it is possible that the artist used readymade gum arabic+pigment watercolour paints of consistent manufactured quality rather
than grinding and mixing their own.
The maker’s name ‘BUCHINGER Maker’ written on a ribbon banner near the soundhole
has the appearance of being written with a pen, but close examination suggests that a fine
brush was used probably dipped in ink. Readers who have used Chinese writing brushes
(calligraphy brushes) will know that a wide range of line quality from needle-thin to
extremely thick can be rendered with a single brush. The types of stroke and the stroke
endings here look like such brushwork rather than conventional pen strokes.

Image 4: Painted label
Conservation
The varnish surface on the back and ribs was completely covered in micro-scratches wear
and abrasions that made it appear matte and greyish rather than its original highly
polished black gloss. Some restorers routinely ‘revive’, re-coat or re-polish shellac
varnishes thereby compromising the original material. Any alcohol-based re-varnish or
treatment partially dissolves the original coating potentially destroying historical
evidence and the maker’s intent. Old violins have often been treated in this way as part of
routine maintenance and so the amount of original varnish remaining is often small or
indistinguishable from later coatings. Once treated in this way the original surface is lost
forever.
Conservators always balance the need for treatments with preserving original material
and making an object stable, understandable and coherent. Any treatments applied ought
to be as reversible as possible while achieving defined conservation goals. The distressed
condition of the black varnish was a visual distraction from the instrument’s original
appearance and since it is a museum display object the appearance to museum viewers is
important. It ought not to appear in a state of decrepitation, disrepair or neglect and
should be understandable as an object without the distraction of obvious defects.
Taking these issues into account it was decided to re-coat the deteriorated varnish on back
and sides with a conservation-grade varnish layer comprised of Regalrez 1126 17 dissolved
in mineral spirits. Regalrez has long term stability, optical clarity, and resistance to
various environmental degradations. The mineral spirit solvent did not attack the surface
when tested discreetly and the Regalrez layer is potentially removable in future using the
same or a similar solvent. The addition of a Regalrez layer visually integrated the surface
irregularities improving its appearance considerably. Regalrez is often used in fine
paintings conservation as a barrier layer beneath retouching or as an overall protective
coating as well as coating degraded varnishes on museum objects 18. The result on the lute
was a much clearer and evenly coloured surface more closely resembling a well varnished
object.

Since discovery and conservation of The Ledbury Lute several papers have been delivered
at conference and Taro has recorded some period music using the instrument along with
local singers from Ledbury. The Ledbury Lute and other instruments in the collection are
to be re-housed in a new custom-made display unit in the Butcher Row House Museum
during 2017.
Chris Egerton,
January 2017
Stringed-instrument Conservator/Restorer
Greenwich, London UK. chris.egerton@network.rca.ac.uk

The term ‘Regency’ is used here in a broad sense. Historians define this period in more or less
exact date terms, but the historical range is generally understood as around the turn of the late
18th- early 19th centuries.
2 The portrait of Dora Jordan in Fenton House was already well known (see also Lute News 96
2010, Peter Holman, ‘The Blue Bells of Scotland and the Lute’), but her instrument in that portrait
is now positively identifiable as the ‘Modern Lute’ or simply ‘Lute’ as mentioned in the
contemporary published material.
3 Armstrong R.B. ‘Musical Instruments vol II. English and Irish Instruments’ T&A Constable,
Edinburgh 1908. p 30.
4 The Edinburgh University Collection has two instruments of this type (MIMEd Reid Collection,
accessions 306 and 307) which were illustrated in the Lute News 96 2010, p35. Those instruments
if described as Arch-Harp-Citterns/lutes are incorrectly catalogued according to the current
research and the Ledbury Lute discovery. Another example exists (also incorrectly catalogued) in
the V&A collection (ref: 250-1882). All these instruments should perhaps be re-catalogued as
English ‘Regency Lutes’ for convenience or more simply as ‘Lutes’ with appropriate subcategorisation, or ‘Modern Lutes’ as they were originally called in printed music and tutors. The
terms ‘arch’ and ‘harp’ are no longer needed and are potentially confusing and unhelpful
especially as ‘Harp-lutes’ are a distinct and identifiable class according to contemporary
nomenclature.
5 See 'A Treatise of Japaning and Varnishing: being a Compleat Discovery of those Arts, with
the best way of making all sorts of varnish...etc.;' Stalker, John. Parker, George. Printed and sold
by the authors. Oxford 1688.
6 The similarity of design and construction of the known Modern Lutes points to Barry as the
maker regardless of the labelling. Buchinger was known as a music-seller and ‘..the best performer
of the lute in England’ according to one later source. This would seem to rule out his being a
hands-on practising luthier, but rather a performer, teacher and retailer of bought-in, designed
or commissioned instruments and music paraphernalia.
7 ‘Rushing’ refers to surface abrasion by the use of hand-held bunches or bundles of rushes derived
from the stalks of Equisetum hyemale before sandpaper was commonly used.
8 Spotswood, William and Rice, H.P. ‘THE GOLDEN CABINET: BEING THE LABORATORY, OR
HANDMAID to the ARTS. Containing Such Branches of Useful Knowledge As Nearly Concerns
all Kinds of People, From the Squire to the Peasant: and will afford Profit and Delight’ Printed
and distributed by the authors. Philadelphia 1793
9 See 8 p 45. Ivory-black is the carbon-based remnants of charred ivory dust, scraps and
scrapings, presumably waste material from the ivory working trades. The waste material is heated
(charred) in a low oxygen environment at a high temperature of up to 7000 C. Bone-black, a
cheaper alternative is prepared in the same way using bones, and can be indistinguishable. Lampblack is the carbon collected from burning lamp-oil or other fat-based fuel and sometimes selected
resinous materials. It is effectively fine soot. That carbon is generated by allowing smoke from the
lamp flame to condense on surfaces such as glass or stone or marble from which it is gathered by
scraping.
10 Shellac or shell-lac is the well-known material used as a varnish coating and medium in many
contexts. It is and was available in different grades of refinement that were more or less
transparent and naturally coloured according to the degree of processing. The common seed-lac
referred to here would be an alcoholic solution of unrefined or part-refined shellac with a fairly
1

orange-brown-yellow colour which the author describes as a ’tinge or foulness’ that interferes with
perception of any coloured layer beneath. A black under layer would be relatively unaffected.
11 See 8 p.49
12 Winter, J. and West FitzHugh, E., ‘Pigments based on Carbon’, in Berrie, B.H. Editor, ‘Artists’
Pigments, A Handbook of Their History and Characteristics’, Volume 4, pp. 1-37
13 See 8 p 51
14 See 5 ChapV
15 See 5 ChapV
16
http://www.vam.ac.uk/content/articles/p/portrait-miniatures-on-vellum/
retrieved
25/Dec/2016
17 Regalrez 1126 is a low molecular weight hydrocarbon resin used in conservation
http://www.eastman.com/Pages/ProductHome.aspx?product=71049326 accessed 1 Jan 2017
18 Regalrez in furniture conservation http://cool.conservation-us.org/jaic/articles/jaic40-01005_5.html accessed 1 Jan 2017

FoMRHI Comm. 2068

Jan Bouterse

Making woodwind instruments
9: Flutes (traversos)
9.1 What is a flute?
About the name: the term ‘flute’ is in English language generally used for the transversely
blown instrument with a mouth hole, also called the embouchure hole. The term
‘embouchure’ is sometimes used for the mouth hole on itself, but means actually the
position and shape of the hole between the lips of the player in relation to the mouth hole.
It is likely that that the name ‘flute’ comes from the Italian flauto. The same applied to
other European languages: Flöte in German, flûte in French, fluit in Dutch. But in the 17th
and 18th centuries these terms were used in these countries, in the first place and for a long
period, for the instruments which are called ‘recorders’. And ‘flute’ in English can still (or
reviving historic useage) sometimes mean a recorder as well. With the reintroduction of
historical instruments in the 20th century some original names also reappeared, such as for
the sixth flute (soprano recorder in d2) and the voice flute (tenor recorder in d1).

This is a small flute (piccolo) for children. It is made from plastic and has - as a recorder seven fingerholes on the front and a thumb hole at the back. The mouth hole is about the
same shape as that on a modern Böhm flute.
There is even the possibility to play this flute with a short
windway device which directs the breath at precisely the
right angle. But with this tool you can’t vary that angle and
so you cannot so easily influence the pitch and other aspects
of the sound as well. That is probably why there are also
double holes on this flute, to avoid fork fingering for some
notes.
The term flauto traverso was often used in the 18th century for the wooden or ivory flute
with one key or, later in that century, more keys: four or six. Today many players use the
abbreviated term ‘traverso’ for a baroque-type instrument, and so will I on these pages.
It is perhaps not quite correct to use the term ‘traverso’ for older types of flutes, the instruments with a cylindrical bore and without a key, which were played well into the 17th
century. Similar types of flutes with a cylindrical bore and no keys are played in other
cultures, such as bamboo flutes, for instance in Japan. Some flutes are not, or not entirely,
held in a transverse position, for instance some modern bass flutes.
Modern concert flutes (Böhm flutes) are classified as woodwind instruments, despite the
fact that most of them are made of metal. Other materials were used as well for flutes and
traversos: ivory, crystal glass, and plastic. Comprehensive information about the history
and use of flutes can be found in several encyclopaedia and on internet.

9.2 Some thoughts about making traversos
In this series on making woodwind instruments, I will give information about making the flutes as they were played in the 16th to 18th
centuries - thus renaissance and baroque traversos, made of wood or
(artificial) ivory. I must begin with a warning: I have never played an
original old renaissance flute (I even don’t know if any specimens did
survive which can be played). And I am very not an experienced
player on this type of flute. I only have made some copies and done
some experiments. So I can tell you that traversos are at first glance
simple instruments to make. You have not - as on a recorder - to cut a
windway and make a block, nor you have the difficult job of learning
- as for an oboe or bassoon - how to make a reed and staple. It all
seems simple: there is the inside (the bore) which is made by drilling
and reaming; and there is the exterior which is shaped on a lathe. And
then you have to drill a mouth hole and some fingerholes and put a
cork in the bore not far from the mouth hole. But that simplicity is
deceptive. For a start, it is not so easy for everyone to produce a
sound by blowing over the edge of a mouth hole. It took me several
days to get it more or less right when, long ago, in 1976, with only
some experience as recorder player, |I bought a baroque traverso, a
cheap instrument made from fruit wood which came from the former
German Democratic Republic. And I had a problem when I gave a
course in traverso making , ten years later, when none of the five
students were able to produce a sound either. I then had to do all the
voicing and tuning myself. My advice, if you have no experience in
flute playing: take a bottle (Coca Cola or what ever), close your lips
leaving a small hole in the centre and blow over the rim of the bottle.
Adjust the direction of the air stream if there is no direct sound. For
playing a traverso you need a very similar technique.
One step further is making a flute out of a plastic tube. My first one
was made of PVC tube bought in a DIY shop. I could find only one
size, with an internal diameter of about 25.5 mm, external diameter
32 mm. That is too wide for a flute with the fundamental d1, but with
a length of 635 mm you will get the note b (= a minor third lower
than d1) which makes it a flauto d’amore. The position of the
fingerholes was derived from a photo in a book. Important: the
mouth hole must be kept small: 9 mm circular. It is one of the
mistakes of some people who are experimenting with making flutes
from plastic tubes, that they have the much wider and slightly square
size of the mouth hole of the modern concert flute in their mind. It is
much easier to get a nice sound from a smaller circular hole! The
hole must also be undercut a little bit, the rim must be finished
properly with a clean edge.
Left: measurements of my PVC-flute. The actual instrument was
made by me in two parts, connected with a coupling (also available
in the DIY-shop). Advice if you want to make a copy: take a slightly
longer piece of tube and drill all holes at first a bit smaller. Adjust
everything when you are voicing and tuning the flute.

PVC is perhaps not an attractive material, but easy to work, for instance to drill holes in.
Formerly you could only buy tubes in a dull grey colour, nowadays also in a more
interesting white, but only in a restricted range in diameters. A tube with an internal
diameter of 17 mm or 18 mm and a wall thickness of 2.5- 3.0 mm should come closer to
historical instruments, but I am afraid you must order that from a specialised company,
which might be expensive. I have tried also acryl glass, available in more diameters, but
these tubes are generally thinner and acryl glass is also much more brittle.
A different approach to music
There is another difficulty in making the traverso: you have to learn the appropriate fingerings. There are similarities, but also important differences from the fingerings for recorders.
Traversos have no thumb holes; overblowing the notes of the lower register must be done
by blowing harder and slightly changing the direction of the breath. You can change the
volume of the sound of the traverso as well, but then you have to make pitch corrections:
turning the flute inwards makes the opening of the mouth hole smaller, which makes the
note flatter; turning it outwards makes the note sharper. Such corrections are also needed
for some notes which are (surely for our modern ears) a bit out of tune.
Playing the traverso means that you have to learn about the differences in character of the
keys (modes) in which the music is written. That means that you must develop a new way
to look at music, hearing in a different way. We are so lucky now that you can find instructions and fingering tables from old sources in reprints, such as the books of Hotteterre (Principes de la Flûte) and Johann Joachim Quantz (Versuch einer Anweisung die Flöte traversiere zu spielen) and these are also available in English.
9.3 Historical renaissance flutes
Flutes with a cylindrical bore, with six fingerholes and without a key had a long-lasting
tradition in Europe. The instrument were played in intimate settings as well as in armey
bands. Renaissance traversos were made in different lengths (consorts). At
http://www.flutehistory.com/Resources/Lists/Renaissance_flutes.php3 you can find a
comprehensive list of early flutes. There are two famous collections of these instruments,
both in Verona in Italy: in the Bibliotheca Capitolare and the Accademia Filarmonica.
See for more information Filadelfio Puglisi, 'A Survey of Renaissance Flutes', in the
Galpin Society Journal 41 (1988), p. 67-82. See also his book I flauti traversi
rinascimentali in Italia (Studio per Edizioni Scelte, 1995). Puglisi published in his book full
data of the flutes in Verona - but please be aware that he used for all instruments the same
schematical drawing, to which he added the measurements (see example on the next page).
There are roughly two sizes of flutes in the Verona collections: tenors with a sounding
length (= the distance from the centre of the mouth hole to the lower end of the flute) of
around 540-575 mm, and bass flutes with a sounding length of around 810- 860 mm. He
gives no information about pitches and the other playing aspects of the instruments.
Drawing on the following page: renaissance flutes often have mouth holes which are
slightly oval, with the longest diameter slightly diagonal to the axis of the instrument.
Puglisi doesn’t give measurements of the undercutting of the mouth hole and the
fingerholes. The holes are generally drilled in a straight line, which allowed the
players to hold the flute to the left or to the right. Yet it creates no acoustical
problems if you drill some of the holes slightly off-line.

Drawing from Filadelfio Puglisi, I flauti traversi rinascimentali in Italia (Studio per
Edizioni Scelte, 1995).

The Nova Zembla flute
This is a picture of another historical renaissance flute.
It was found on Nova Zembla (Novaya Zemlya), an
island in the Arctic Ocean in northern Russia and the
extreme northeast of Europe. In 1596-7 Dutch sailors
tried to find a route with their ships to the East Indies,
but were trapped by the ice and had to stay there for the
whole cold winter. Several artefacts have been found
where the sailors made a house. One of these was this
flute which - apart from a missing piece of wood at the
lower end - has survived rather well. The owner put his
mark with a knife at the front of the flute, which is
probably made of fruit wood.
The instrument is now in the Rijksmuseum in Amsterdam (see https://www.rijksmuseum.nl/nl/zoeken
/objecten?q=Nova+Zembla++fluit&p=1&ps=12&st=O
BJECTS&ii=0#/NG-NM-7692,0 for a colour photo.
The bore of the flute is cylindrical, but because of some
cracks and distortion not easy to measure, Ø 17.7 mm at
hole 5. The wall is very thin; about 1.8 mm at the upper
end, 2.4 mm at the lower end.
The mouth hole is 7.2 x 8.2 mm. The fingerholes are
not much undercut. Some measurements:
total length: 639; SL (sounding length, from centre of
mouth hole to lower end): 535
hole
A
B
C
mouth hole 0
23.0x21.8
7.9x8.2
hole 1
235
23.2x22.1
6.3x6.7
hole 2
272
22.2x21.0
6.5x6.9
hole 3
306
23.0x21.5
6.4x7.0
hole 4
355
nm
6.4x6.8
hole 5
390
23.2x21.8
6.5x6.9
hole 6
427
nm
6.7 (damaged)
A: position of the hole - distance from centre hole to
center of mouth hole
B: diameter (min/max) of the flute
C: diameter (min/max) of the hole
nm: not measured
I have made a copy of this flute in palissander wood, with a bore
diameter of 17.5 mm. It plays at a pitch of a-435 to 440 Hz (depending on how much you cover the mouth hole), the lowest note is d1.
Maybe that with a slightly narrower bore the pitch will be higher.
The cork is set by me about 13 mm from the centre of the mouth hole.

My first wooden renaissance flute
Before this copy of the Nova Zembla flute, I had made a few instruments with thicker walls
(exterior diameter about 27 mm), based on a copy of unknown origin. I made these also in
two joints, with a socket on the head and a tenon on the lower joint. That allowed me to
make the bore in the top of the lower joint a bit wider over some distance: that made it
easier to tune the a2 and b2 (becoming a bit sharper). This thicker flute plays (for me)
m o r e easily than the Nova Zembla copy, the pitch is also a bit higher, a-440 Hz. Some
measurements in mm: Sounding length (SL): 519; head L 255, SL 186; socket: L 29.5, Ø
25. Bore: Ø 17.5, but 18.0 over about 50 mm in the lower section the head. Lower joint L
without tenon: 333, tenon L 29. Ø bore: 17.5, but up to 18.0 over about 100 mm in the top
section and up to 18.0 over about 100 mm in the lower section. Mouth hole: 8.5x8.8 mm,
Ø wood 26.6; tone holes (L to centre mouth hole, Ø hole, Ø exterior) hole 1: 222, 7.0x7.4,
27.2; hole 2: 258, 7.0x7.2. 27.0; hole 3: 293, 6.5x6.6, 26.9; hole 4: 346, 6.5x6.7, 26.8; hole
5: 381, 7.7x72, 26.6; hole 6: 415, 5.7x5.8, 26.3. All holes are moderately undercut.
9.4 Some practical tips for drilling and turning a renaissance flute
Drilling a hole with a length of over 600 mm is not easy. See part 7 of this series (comm.
2060 in FoMRHI Q 136) for some methods and tools. It is important to take a piece of
wood that is thick enough: if the drill goes slightly off line, you may still have enough millimeters leeway in the wall to rescue yourself.
For my Nova Zembla copy I had a piece of Santos palissander (surely not authentic for this
flute, but very practical) that was about 40x40 mm thick. I bored a pilot hole with a diameter of 10 mm, but the drill was far too short, I had to put it on an extension piece for flat
bits. But before I could use that I had to
widen the bore as far as possible, with a
17 mm flat bit on which I had put an end
piece with a pilot (photo, right), again
mounted on an extension piece. There was
the danger that parts of this combination
might come loose and be stuck in the
wood. It would have been much easier to
buy a steel rod and grind it to a d-bit drill
(other photo). After this drilling
adventure I had to ream out the bore to 17.5 mm. That must be done before turning the flute
on the lathe: the wall will become so thin that reaming is then very dangerous.
Turning such long and thin pieces of wood is another issue. It is inevitable that the wood
will vibrate, which will result in ripple marks that destroy the surface. You must somehow
support the wood, giving it counter pressure close to where the chisel does its work. See
Comm. 2056 in FoMRHI Q. 135 for some solutions to this problem. I can tell you that I had
to use a lot of sand paper to get a clean surface.
It is of course not always necessary to use a lathe to get a round flute. As most renaissance
flutes have a simple smooth surface, without decorative patterns (rings, rims, grooves or
whatsoever), you can plane the wood into its round shape. It is not unlikely that this technique was used in the past, also for instance for making crumhorns (which are made from
straight pieces of wood; the bending is done in a later phase, after the finishing of the bore
and the surface).

9.5

Fingerings for the renaissance flute in d1

d1
d2
e1 and e2
f1 and f2

1
.
1
1

2
2
2
2

3
3
3
3

4
4
4
4

f#1

or:
g1 and g2
g#1
g#2
a1
a2
or:

1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
.
.

4
. 5 6
4
. 5 6

- turn flute inwards or lower breath pressure to make this
note a bit flatter
- turn flute outwards to make this note a bit sharper
- turn flute a bit inwards
- turn flute a bit inwards
- turn flute a bit inwards

4 5 6
4
(6)

- turn flute a bit inwards, if necessary
- turn flute a bit inwards
- hole 6 might be covered for a better stability

.

4 5 6

b-flat1
b-flat2
or:
b1
b2

1
1
1
1
1

.
.
.
.
.

3
3
3
.
.

4 (5)

- this fingering is a bit sharper than the other one, and
sounds louder; it is actually the third harmonic, an
octave + fifth above the d1
- covering hole 5 lowers this note a bit
- is often rather flat
- is often rather sharp, turn flute inwards
- hole 6 might be covered for a better stability
- covering 4, 5 and 6 makes this note a bit sharper
(otherwise the b2 is a bit flat)

c2

. 2
. 2
. 2
. .
. 2
. 2
1 2

3
.
.
.
3
3
.

.
4
4
(4
4
4
.

or:
f#2

or:
c3
c#2
c#3
d3
e3

5 6
5 6
5
. 6

4 5 6
. . (6)
4 5 6
. (6)
5 6
5
5 6)
. 6
5 6

- may give a clearer sound
- other fingerings possible

- higher notes (third regsiter) are possible, for instance
g3 with 1 . 3

These fingerings are based on my experiences with the copy of the Nova Zembla flute.
Some notes tend to be sharp or flat, but sometimes it is supposed that they are sharp or flat
in meantone tuning, when compared with equal temperament. Fork fingered notes often
sound a bit muffled, turning the flute inwards or outwards changes not only the pitch but
also the quality of the sound. See for further fingerings on internet:
http://www.oldflutes.com/charts/ren/
On Youtube there is a film (http://Youtube.com/watch?v=-sGJiNXl_9g) with a superb
demonstration of the possibilities of the renaissance flute: Hans-Joachim Fuss playing a
recercata by Aurelio Virgiliano on a flute after Bassano (made by Philippe Allain-Dupré
from Paris). There are no muffled sounds at all, and especially surprising is the third register
of this instrument.

9.6

Tuning the renaissance flute

a - some theory
The d1 (the first harmonic) cannot be tuned on one of the fingerholes: the only way to
change its pitch is by widening the bore at the lower end of the flute, or shortening the flute
at that point. For d2 (as the first overtone, or second harmonic), and even more the d3 (the
fourth harmonic), we need to push the cork into the right position. Moving the cork closer
to the mouth hole makes the octave interval d1 to d2 wider, and does that even more so
with the interval d1-d3. For playing d2 you have to open hole 1, and for d3 hole 5 as well.
Opening these holes (and blowing harder) makes that in the bore of the flute new antinodes
can be formed, which correspond with the harmonics.

This picture with the approximate positions of the nodes (N) and antinodes (A) of the
fundamental d1 and its overtones makes it clear.
d1: fundamental (first harmonic) d2:
first overtone (second harmonic)
a2: second overtone (third harmonic)
d3: third overtone (fourth harmonic)
The upper (most left) antinodes in the picture are placed several millimetres above the
mouth hole. Are they really there? In traversos the mouth hole is much smaller than
the diameter of the bore at that place. That means that at that spot there is no equalisation of pressure. This antinode is actually a fictive antinode, which is supposed to
be (if you want to do calculations etc.) around 40 mm outside the mouthhole (see
Otto Steinkopf, Zur Akustik der Blasinstrumente, Moeck Verlag 1983). At the lower
end the soundwave is also a bit longer than the length of the tube (about 6 mm).
We see the importance of opening hole 1 for producing d2 and d3. Opening hole 4 just
helps to produce the a2, played as second overtone of the d1, fingered 1 2 3 . 5 6. Opening
hole 1 destroys however this a2, because it needs there a node of the sound wave. When
these holes have the function for overblowing the note in one of the upper harmonics, the
size of it has no influence of the pitch of these notes.
The other (and easier) a2 is played as 1 2, as the first overtone (and second harmonic) of
the a1. But the nodes and antinodes of the a2 with this fingering is quite different compared with the third harmonic of the d1!
b - about tuning holes
Tuning the following notes implies that the holes on which they are tuned must be drilled in
the right place and have the right size; unless you are very sure and accurate: drill all holes
initially 0.5 to 1.0 mm too small. Doing that, it is better to put a piece of wood in the flute
that fills up most of the bore, this to prevent that the drill causes splinters when it breaks
through the wall.
Another problem is to get the fingerholes precisely at their positions on the flute,
preferably on a straight line. What I normally do is to put a piece of writable adhesive tape
over the

length of the flute, draw a straight line on the tape and indicate on that line the positions of
the holes. After checking the distances, I pierce small points on the hole positions. Another
method is to make a template (in metal or plastic) in which the hole positions are drilled,
and attach that to the flute.
These are the tuning holes:
- d1, d2 and d3: no tuning hole (or the open end of the bore is to be regarded as a hole)
- e1 and e2: hole 6
- f1 and f2: hole 5, together with and f#1 and f#2
These notes have to be corrected with your embouchure: f1 and f2 (1 2 3 4 . 6) are
always too sharp, and f#1 and f#2 (1 2 3 4) too flat with the usual fingerings. Both
groups of notes are tuned on hole 5. Making that hole bigger means that these notes
all rise in pitch, with hardly any effect on the difference between f and f#.
- g1 and g2: hole 4
- a1 and a2: hole 3, together with g#1 and g#2
- b1 and b2: hole 2, together with a#1/b-flat1 and a#2/b-flat2
- c2: hole 1, together with c#2
- higher notes can rarely be tuned at the fingerholes; you must know to which lower harmonics these notes are related.
On all holes of the flute you can overblow the related note into the corresponding second
harmonic, that is an interval of an octave. The same applies to the baroque traverso.
But there might be problems on longer types of renaissance flutes to overblow all the
notes of the first register into a useful octave interval. On these instruments you must then
use alternative fingerings.
c - tuning rules
Tuning means enlarging the fingerholes which have been initially drilled a bit (for instance
1 mm) too small. But the cork position must be absolutely correct before you do that: the
notes d1, d2 and d3 must have the correct mutual relations. When tuning a baroque traverso, you can make some adjustments to the bore profile; this is not, or only in a very resticted
way, possible for a renaissance flute with its cylindrical bore.
As we tune the flute from hole 6 to hole 1, we have to be especially careful to the get the
first notes right, after the d1/d2/d3 that e2/e3, f and f#, and so on. We saw in the list above
that on each hole more than one note has to be tuned. Most important is that the octave
intervals (e1 to e2, f1 to f2) are correct. We already knew to begin with the right position of
the cork. Before you start with the work on the tuning holes for the other notes. But playing
octave intervals correctly depends also on your embouchure and breathing technique. Be
aware that you can change the pitch of most tones with your embouchure up to about a
quarter of tone (20 cents or more).
The main rules:
- a flute without fingerholes is pitched several cents higher than when the holes are drilled
and closed by your fingers (this because the empty hole spaces in the wall of the flute add to
the volume of the bore of the instrument);
- making a hole wider means that the related notes become sharper; but the note of the
second register (the first overtone) responds more to the size of the hole than the note of the
first register; and it does that even more so when you enlarge a hole in the direction of the
lower end of the flute.

- formulated in a different way: when a hole influences a note and its octave, the position
will have more influence on the lower note, while the diameter will have more influence on
the upper note;
- that means that you have a problem when as at the beginning the e2 is already correct, but
the e1 still too flat; in that case the position of hole 6 is wrong: it should have been drilled
higher on the flute (more close to the mouth hole);
- sometimes a correction is possible by filling the hole in (with wax, nail polish etc.) at one
end, and filing out at the other side;
- enlarging a hole has a quicker (sharpening) effect on the fork-fingered note than on the
simple fingered one (for instance: the fork-fingered f with 1 2 3 4 . 6 and f# with 1 2 3 4)
- undercutting a hole has more or less the same effect as giving the whole a bigger diameter,
but has a bit stronger effect on the fork-fingered notes;
- enlarging a hole has a strong effect on its related notes (for instance hole 4 for g1 and g2),
but much less so for higher notes (for instance hole 4 for a1/a2 and b1/b2);
- enlarging and undercutting a hole means that the bore profile of the flute in that place is
changed: that might have some influence on notes of the second and higher registers; to find
these relations, you must make a complete scheme of the nodes and antinodes of all tones of
the instrument (see part 3a of this series: Practical acoustics for woodwinds: sound waves
and tuning, Comm. 2040 in FoMRHI Q 132).
d - tuning techniques
The French recorder maker Philippe Bolton gives on its website interesting information
(also in English http://www.flute-a-bec.com/accordgb.html) about the tools and techniques
of enlarging and undercutting fingerholes. He recommands as the safest tool for enlarging
holes a coarse round file, because fine files are not efficient in wood. Finding the right type
of files (which are not too coarse and have the right diameters) is, however, not easy. I am
always nosing around for these tools.
An alternative is working with a piece of sandpaper (or better, emery cloth) wrapped
around a small stick. You can buy that in several qualities, from fine to coarse. I work often
with emery cloth with a grid of 150, for finishing a higher number is needed.
Most professional woodwind makers have one or another type of undercutting knife.
Bolton writes about that tool: this technique needs learning. A 3 mm double-bevelled blade
is perfect for this. The top and bottom areas of the hole must be cut separately, beginning on
one side and working around to the other, stopping before the blade gets parallel to the
fibres, when it will start splitting the wood instead of cutting it.
Undercutting knife of
Philippe Bolton; with a
cross section of the blade
of one of my own undercutting tools.
Always start cutting at the top or bottom end of a hole, working around to the side. That
means that you begins with cutting straight through the fibers and stop before the blade gets
parallel to the fibres, where it will start splitting the wood instead of cutting it.
Some instrument makers use a Dremel mini-drill, with a small milling fraise. But you
have to be very experienced to make a regularly shaped undercutting with such tools.

9.7 The Schweizer Pfeif
‘Schweizer Pfeif’ (Swiss pipe) is in German language the name for the piccolo flute as it
was played in the bands of Swiss soldiers who fought as hirelings in foreign armies.
I do not know about finds of early small flutes from the 17th century and earlier, there are
some baroque types with one key from the 18th century.
This piccolo flute is still used today in bands and had also found his way to the modern
orchestra, after it had undergone the same development as the longer flutes: with a bigger
mouth hole and a key system.

I have made a simple Schweizer Pfeif, the upper one
in boxwood, the lower one in elder wood. The fundamental tone is d2, the pitch a-440 Hz, the bore is cylindrical (Ø 12 mm), the cork is set at about 12 mm of
the centre of the mouth hole. All holes are widely undercut. Hole sizes (max/min): mouth hole: 7.2x7.2;
hole 1: 6.3/6.6; hole 2: 6.6/7.3; hole 3: 6.4/6.5; hole 4:
6.2/6.4; hole 5: 6.2/6.3; hole 6: 5.5/5.6.
The double holes make the instrument more practical
for modern music (and for modern ears): you can play
now d#/e-flat with 1 2 3 4 5 6a. The f2 and f3 are
played 1 2 3 4 . 6 (fork fingered), whereas for f# you
have to cover only the bigger of the two holes at position 4 (1 2 3 4a), making it a bit sharper than the flat
mean tone f# with hole 4 fully covered. There is also
an easier g#/a-flat with 1 2 3a. The b-flat3 sounds best
with 1 2 . 4 5 6a.
Elder wood is surprisingly useful for smaller flutes
as you can drill a hole through the soft pith in the
centre of the stem (or branches). The problem is to
find pieces which are long and straight enough for
this flute. I oiled the wood heavily with linseed
oil; the flute sounded nicely.
Some measurements of the double holes (in fact:
the diameter of the drills which I used, before
tuning with files): hole 3a: 4.5 mm; hole 3b: 3.2
mm; hole 4a: 4.5 mm; hole 4b: 2 mm; hole 6a: 4
mm, hole 6 b: 3 mm.
One warning: playing the piccolo too much can harm your ears!

9.8 Some conclusions
The renaissance type of flute with a
cylindrical bore and 6 fingerholes is
in interesting instrument for the
amateur woodwind maker. It is not
too difficult to make and you have
not to buy expensive tools.
However, playing these flutes is a
different matter, for instance when
you are accustomed to the modern
Böhm flute. It is not so much about
the new fingerings which you have
to master: the embouchure you have
to use is really different. You must
not fill the tube with energy as on
the modern flute. With traversos
(from renaissance and baroque)
you have to develop another, more
intimate type of relation: it is more
a question of listening to the instrument, to what it gives back to you.
I certainly believe that the
renaissance type of flute has great
possibilities for modern music.
You can play the instrument in
equal temperament with some
simple adaptations to the
fingerholes. See the instructions in
par. 9.7 where I applied these ideas
to the piccolo flute; see also the
middle instrument on the photo,
left, which is a tenor in d1 with the
same type of double holes.

From left to right:
- modern Böhm flute (white metal)
- renaissance flute (acryl glass)
- ‘modern renaissance flute’ in two
parts in santos palissander, with
double holes
- renaissance flute in two parts in
santos palissander, single holes
- baroque traverso in four parts in
boxwood
All flutes tuned at a-440 Hz.
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Frans Brüggen, Hans Coolsma, J.S. Bach and a traverso by Stanesby Junior

This article was originally intended as an appendix to my communications about making a
baroque traverso. But as it happened, I got the idea during the preparations that several
aspects of instrument research seem to fit better into an introduction to the forthcoming
chapters.
One of the problems in my first years (around 1980) as woodwind maker was finding measurements of historical specimens. I had to go to museums or private collections to take
measurements of historical instruments myself and I also investigated copies wherever I
could find them. But there was an additional problem: which instruments to choose for
making a copy? That was especially difficult for the baroque traverso. I was interested in
that instrument but, coming from the recorders, I had almost no experience in playing it.
But then I stumbled on a particular traverso which looked (and sounded) very promising.
The story: Frans Brüggen, who started his career as recorder player and ended as conductor,
has also played baroque traverso (and sometimes modern flute as well). He was also the
proud owner of some fine historical flutes, such as a pair by Godefroid-Adrien Rottenburgh
(and not by I.H. Rottenburgh, which I wrote in 2014 in an obituary to the death of Frans
Brüggen, see FoMRHI Comm. 2012). But he had another interesting traverso, made by
Thomas Stanesby Junior (1692-1754). This instrument in tropical black wood with ivory
rings and a silver key was played intensively by Frans Brüggen and - as I wrote in the aforementioned obituary - it was quite possible that it got one or more cracks during the
recordings (in 1971/72) of the Bach cantata No. 8: ‘Liebster Gott, wann werd ich sterben’
(‘Dearest God, when shall I die’). This cantata has among the most virtuoso and difficult
parts which Bach wrote for the traverso, in the keys of A and E (three and four sharps),
using the full compass of the instrument up to a3. The flute imitates in the opening choir of
this cantata the sound of the death bells. Alfred Dürr wonders in his book Die Kantaten von
Johann Sebastian Bach (Deutscher Taschenbuch Verlag, 1971) that this part might
originally have been written for a high recorder (which then could have been a sixth flute
in d - jan b.). At www.youtube.com/ watch?v=aRmqjW0rbq0 you can hear the original
soundtrack with the Leonhardt Consort, the Choir of King's College Cambridge, conductor
Gustav Leonhardt, and of course Frans Brüggen on traverso (Teldec 1971). And I think that
he played the flute part in this cantata in the most brilliant way, especially in the bass aria.
If Frans Brüggen may have shown any technical faults (nowadays traverso purists will
surely recognise some), then these are blown away in this performance by his great musicality: Brüggen is here in my opinion unequalled by other and more experienced traverso
players on later recordings.
There is, however, a twist to this story: the booklet accompanying the gramophone record
mentions that Brüggen played a traverso of Stanesby Junior for the recording of this cantata.
But there is also a photo of a recording session which can only be that of the opening chorus
of cantata No. 8 (with two oboi d’amore and violins playing pizzicato, see photo next page).
On this photo is Frans Brüggen clearly playing another instrument: a traverso in early
French style. But which one, as most of these French traversos have a very low pitch, not
the a-415 Hz from the recordings with Harnoncourt and Leonhardt?

And I had some more doubts, which occurred to me when I tried to play a copy of this
Stanesby traverso. I will discuss that later on in this article.

Frans Brüggen and the other musicians during the recordings (or more likely: at a rehearsal) of Bach’s cantata No. 8.
Hans Coolsma
Hans Coolsma, well known for his recorders, made (c.1970) a series of copies of Brüggen’s Stanesby traverso. It was a one-off production; he never made traversos again. That
was probably the reason he had no objections to giving me (in 1981) the bore
measurements of the original instrument and to investigate a copy of the flute. Many years
later I acquired one of these copies myself, giving me the chance to do more research.

The Stanesby copy by Hans Coolsma (head by Jan Bouterse)

With the list of measurements, I got a copy of the prospectus which came with the traverso.
It gives some detailed information about the instrument and how the copy was made:
The original for this copy, owned by Frans Brüggen, Amsterdam, and used daily by him,
was chosen for the following reasons:
-a): it is in its original state, has not been altered in any way, and is in excellent
condition;
-b): it is a beautiful instrument with a sonourous tone quality; its most noteworthy
characteristics are a powerful e1 and a remarkably pure intonation;
-c): the original was easily and often available for measuring with the result that
throughout the whole process of reconstruction the copy could be compared with the
original at frequent intervals.
The copy only differs from the original - which is tuned at a1=415-419 Hz - in one
respect: the embouchure is widened by 0.5 mm in order to sound the third register more
readily. Frequent testing has proved that when the Coolsma copy of the head joint, incorporating the small improvement aforementioned, is used in connection with the original
three joints by Stanesby the combination is even more satisfying.
- The original instrument is made of grenadilla with ivory mounts. The copy is of course
also of grenadilla (Dalbergia melanoxylon). The ivory has not been bleached: it will
gradually yellow in the course of time.
- The original silver key is not ornamented or engraved; this example has been respected.
- The acoustical proportions of the original were copied with extreme precision. It was
with considerable pride that we found that both the timbre and the intonation of every
individual tone and half-tone corresponds exactly to the original.
- This instrument is unquestionably the finest copy of a flauto traverso made since the
reconstruction of baroque instruments was begun again in the present century.
- Each flauto traverso is sold complete with case, cork-grease and chamois leather
cleaner. A fingering chart is added.
Additional information in the prospectus: length of the instrument: 620 mm, four pieces,
cork joints, ivory fittings and silver key; the cork in the mouthpiece has been exactly
adjusted. Base tone: d1. Old pitch: a1 = 415-419 Hz. All measures are original. Tested by
Frans Brüggen and Hans Coolsma.
Thus far Hans Coolsma gives this jubilant description of his traverso project. He also told
me in 1981 that he had copied the bores very precisely (with an accuracy of 0.01 mm),
using a copy-reaming machine that was exclusively designed for this project.
Quite a number of players must have ordered one of these Stanesby copies - I am told that
200 have been sold by Coolsma - but I do not know how expensive the instrument was.
There must, however, have been an issue with the instruments: I do not know any professional player who has played or used these copies for performances and recordings. And
Brüggen sold his original Stanesby to Mashiro Arita in Japan. It is time to have a closer
look at the copy by Hans Coolsma.
The Stanesby traverso
First impression: the copy is a sturdy looking and weighty instrument, luxuriously made in
black tropical wood with thick ivory rings. Is the original flute indeed made from grenadilla
(African blackwood)? I have always some doubts when other people are so sure to see the
difference with the other option, which is ebony wood. During my study at the Wageningen
University I have done some wood identification and I have seen samples of both species
which

showed a considerable overlap in colour, structure and weight. Oiling the wood intensively
makes it even more difficult to recognise its characteristics. You have to carry out a microscopic test to be sure which is the wood species in question. But such tests are destructive,
because you have to cut off a sample of the wood.

The silver key looks in comparison small and is actually rather short, only 2 mm protruding
over the socket ring. Noticeably, but found on most traversos by Stanesby Junior and some
other English makers, is that the head joint has no socket, but a tenon which fits into the
socket of the upper middle joint. Contemporary flute makers on the continent worked the
other way around. The disadvantage of this design is that it is not ideal to make corps de
rechange, extra joints for playing in other pitches. But as far as I know Stanesby didn’t
make such extra joints.
Quite a lot of traversos by Stanesby did survive, Phillip T. Young in his 4900 Historical
Woodwind Instruments (London, 1993) has listed about 40, of which 25 are made of ivory.
I know of a drawing (by Fred Morgan) of one Stanesby traverso which was made in the
other way, thus with a socket in the head joint. This flute (from an unknown private collection) is also made of a black tropical wood, has a much shorter lower centre joint and foot
than the ex-Brüggen traverso (230.4 against 239 mm). The total sounding length (from the
centre of the mouth hole to the lower end of the flute) is 569 mm, which is about 12 mm
longer than the same distance of the Coolsma copy, and 17 mm longer than the original exBrüggen Stanesby traverso. This means that the acoustical design is different, the pitch is
also lower, about 10 Cents under a-415 Hz.
The toneholes and their undercuttings
The toneholes on the Stanesby copy by Coolsma are all almost perfectly circular in diameter, with differences up to only 0.2 mm between minimum and maximum diameter. This
seems to be also the case with the toneholes of other traversos by Stanesby Junior. It can be
seen as a sign that Stanesby drilled the holes directly in the desired size, only leaving him
with some undercutting. The sockets and tenons on the copy are all almost perfectly cylindrical, the internal diameters of the sockets don’t change from the open end to the shoulder
rim, I have not seen that often on historical woodwind instruments.
More weird, however, is one of the fingerholes on the Coolsma copy. On most baroque
traversos we see the that hole 1 and 2 on the upper middle joint have about the same size,
hole 3 is somewhat smaller; similarly hole 4 and 5 on the lower middle joint are again
about equally sized with hole 6 being clearly smaller. But hole 4 on the Coolsma copy with
a diameter of 5.0 mm is much smaller than usual and has about the same size as hole 6; the
diameter of hole 5 is 6.2 mm.
This has repercussions for the pitch of some notes. A disadvantage on my copy is that a#2
(with 1. 3) is very flat and hardly usable, which is a problem for playing music with three or

more sharps (as on the aforementioned Bach cantata!). This a#2 is in baroque temperament
always a bit flatter than the b-flat2 (fingered with 1 2 . 3 4 5 6 7), but surely not so much as
on this instrument.
What was going on here? I was also wondering about the undercuttings of some of the
toneholes, which looked to me only slightly done (holes 3, 4, 6 and 7). When I saw these
features, I became more interested in the original instrument. I asked around and one of the
members of the ‘Bouwerskontakt’ was so kind to send me a drawing of the Stanesby traverso, made by Jean-François Beaudin (after measurements and a sketch by Fred Morgan). And
it became immediately clear to me that Coolsma had not only made changes to the mouth
hole, but also to some other important elements of the flute. So was the upper middle joint
about 5 mm longer and even more important: hole 4 was much bigger: Ø 5.9 instead of the
5.0 mm of the copy. The other toneholes on the Stanesby had about the same dimensions as
on the copy, and were also almost perfectly circular in diameter.
The bore profile
It is time to look at the bore measurements of both instruments. The graph on the next page
presents the bore profiles of the flute, as presented to me by Hans Coolsma. Only the bore
of the head joint is taken from his copy, and so are the positions of the toneholes.
The bore profiles have a common pattern: the bore is in the head (I) cylindrical (Ø 19.2 to
19.3 mm), in both middle joints (II and III) narrowing from 18.8 to 15.5 and from 15.4 to
13.7 mm, in the foot (IV) narrowing from 13.7 to 13.2 mm and at the lower end widening
again to 13.7 mm. There are at the connections between the joints no, or only minor, steps
in the bore diameters. That can be conceived as a sign that there has not been fiddled with
the instrument, such as shortening joints.
Remark: I have seen some very fine baroque traversos which for some reasons have
rather wide steps in the bore between the parts, for instance resulting in a profile where
the bore diameter at hole 4 is wider than at hole 3. I will discuss this phenomenon in a
forthcoming article.
Characteristic for the Stanesby traverso is that the bore in the lower part of joint III is hardly
tapering, it is almost cylindrical over a length af about 40 mm. And also that Stanesby
probably used the same reamer from both ends of the foot (mirrored profile). The narrowest
point of the bore of the flute is thus halfway along the foot, and not as I have seen on other
instruments at hole 7 or even higher, at the connection of the lower middle joint and the
foot.
The walls of the flute are fairly thick: at hole 2 about 4.1 mm, at hole 5 about. 5.3 mm
(this difference between the wall thicknesses between the two joints can be seen on many
more baroque traversos). For a traverso with the supposed pitch of a-415 Hz the bore is
rather wide. But it looks to me as if this design of the bore profiles is well thought-out by
Stanesby. There are some differences from the measurements (taken by Fred Morgan) of
the original instrument:
- the bore of the head is with Ø 19.55 mm a bit wider (on the copy: Ø 19.2 to 19.3 mm)
- the bore of the upper middle joint is 0.2 to 0.4 mm wider
- the bore of the lower middle joint is only in some places a bit wider (0.2 mm)
- the bore of the foot is only in the upper section a bit wider (0.2 mm)
These differences are probably caused by another way of measuring. Morgan might have
given the maximum diameters where the bore has come slightly oval in cross section. But
the general pattern of the profiles is not so much different. However, I suspect that Coolsma
has made the bore of the head joint on his copies deliberately narrower. I have no reason to
think that, for instance, the bore of the copy did shrink so much.

Relation between size and position of the toneholes
There is a general rule for the size and position of toneholes on a traverso. Because on these
instruments all primary tones (the first harmonics) can be overblown into their octaves (the
second harmonics), the position of the holes is established for a given bore profile.
For instance: placing a hole too low (in the direction of the foot) means that the octave
interval which is tuned at that hole has the tendency to be too sharp. It means also: when
you change the bore profile, you must inevitably adapt the position and/or size and undercuttings of the toneholes (and vice versa). This means also that it is very strange when on a
copy a tonehole is much bigger or smaller than on the original instrument.
This brings me to the deviating size of hole 4 on the Stanesby copy. Hole 4 is important for
tuning g1 (1 2 3), g2 (1 2 3), g3 (1 . 3) and d3 (as the third harmonic of the g1, with the
fingering . 2 3 . . . 7, thus with the key pressed, which means that hole 7 is opened).
Making this hole too big (or undercutting too much) destroys the balance between these
tones, the intervals becoming too wide. The balance on the copy for these tones and intervals is all right, so hole 4 seems to have the right size and shape for this instrument. But
making this hole bigger for a better a#2 (1 . 3), things will become worse for the other
tones.
But what could Coolsma have brought to change the size of hole 4? He claimed that the
original flute had ‘a remarkably pure intonation’. I already mentioned that Coolsma altered
not only the size of the mouth hole, but made the second joint c. 5 mm longer.* The only
reason for this can be to lower the pitch of the flute, I suppose to bring the pitch closer to
a1=415 Hz. But that change in length can’t explain the alteration to hole 4, nor does that the
difference in diameter of the head joint. I have made several corps de rechange for other
traversos and have never met the need to make adaptations to the holes on the right hand
joint.
* Coolsma added these 5 mm in the upper section of the second joint: the
distances between the toneholes (from 1 to 6, or from 3 to 4) stayed almost the
same. It was maybe better to move holes 1, 2 and 3 a little bit upwards. But
even that can’t explain the events with hole 4.
Conclusion: Coolsma must have had another reason for to make the copy as it is. I had a
discussion with Tanja Obalski - she is a professional soprano singer - who did a course in
Stapleford in making a copy of a Stanesby traverso. Robert Bigio, who was the teacher at
that course, told her that on several original Stanesby traversos he had played the notes g1
and g2 are very sharp. I asked him about that and he answered me:
I have played a number of Stanesby flutes. They are remarkably consistent, and they all
have the same flaws (but I use the word 'flaws' advisedly): the G is indeed far too sharp,
and the D is far too flat. My friend Helen Crown wrote her PhD thesis on Lewis Granom,
an 18th-century London flute player who is known to have played a Stanesby flute. Helen
tells me that Granom wrote some low C sharps in his music, which can only be played if
the D is already very flat. One effect of the sharp G is that the only way to get C natural
in tune is to finger it with the addition of two fingers in the right hand. Making it smaller
allows you to play C natural with the standard fingering. Most players have found these
aspects of the Stanesby to be impossible. I have cheated by making the G hole smaller
and have shortened the footjoint to raise the D.
It is quite possible that exactly these problems were the reason for Coolsma to make alterations to the copy: to lower the g in all registers. But doing so he had to cope with the problems to restore the balance with the other tones.

We also discussed the other qualities of the Stanesby copy. Has it indeed what Coolsma
said, ‘a sonourous tone quality and a powerful e1'? And what exactly is ‘sonorous’? The
dictionary says: ‘a deep and rich sound’. But my personal view on the instrument is that
you must put a lot of energy into it to come a bit close to that type of sound. I feel quite
much resistance, the response being rather slow. The sound is less free and more delicate
than on several of my boxwood traversos, for me not at all corresponding with the weight
and appearance of the flute. The e1 is not particulary powerful as well. I know very well
that other (and much more experienced) players may have other opinions about the
Stanesby copies by Coolsma. But my conclusion is - and Simon Polak, who is a
professional Dutch traverso maker, agrees with me - is that there is something wrong with
these copies. They are surely not exact copies of the original Stanesby traverso, and I doubt
some of the statements by Coolsma about their qualities as well.
Now I asked Mashiro Arita about his opinion about the ex-Brüggen Stanesby,now his. He
answered me (and made excuses for his very poor English):
So, I could to say that it is possible to play the instrument very good in tune from bottom
(1st octave) of d' to the top of register with 18-19 and ca.1940's. without any trouble and
we can make very deep sound, colorful and rich sound!!!
Also to say it is not necessary to arrange for tone -holes sizes, bore and shortened foot
joint.etc..if we can have good condition's original old instruments!
I hope that you could imagine what's a problem on the flute playing is, on the old
flute I think the pitch of original Stanesby black one is c.415 with on my playing and
no retuning all tone-holes. ... And I believe that Brüggen played on original Stanesby
for Cantata BWV 8 by Bach, that he told me in that time. He played super excellent!!!!

Three Stanesby traversos from the collection of Mashiro Arita.
Well, since everything Robert Bigio and Mashiro Arita assumed about the Stanesby
traverso is true, what Frans Brüggen achieved playing this instrument in the Bach cantata is
even more remarkable. He had, however, one advantage: because the three and four sharps
he had mainly to play g# and not g, and the d1is completely absent in his parts.
At the end of this quest I should do one job: to make an exact copy of the Stanesby flute.
Two new middle joints should be enough to prove what Bigio told me. But I am a bit
reluctant to make them; what to do with an instrument which is of no use to me?

Drawings and measurements of traverso’s by Stanesby Junior
I have made a drawing of the copy by Hans Coolsma of the Stanesby Junior traverso (exBrüggen, now Arita). I added measurements to scans and photos of the instrument parts, see
example below. I can send members of the FoMRHI a digital copy in colour of the full
drawings (email me: info -at- mcjbouterse.nl).

There are various plans with measurements of several other traversos by Stanesby Junior in
circulation. Some of them are published by the collections, it is even possible to download
some of the drawings from the corresponding websites.
See http://www.flute-beaudin.com/Plans.htm for the list of drawings you can order from
Jean-François Beaudin. No. 15 on this list is the ex-Brüggen traverso, now in the collection
of Masahiro Arita in Japan. No. 104 is in the Dayton C. Miller Collection in the Library of
Congress in Washington DC (USA), inv. no. DCM 1125. There is a plan of this instrument
(also by Jean-François Beaudin), and downloadable on line at www.loc.gov/collections/
dayton-c-miller-collection/?q=stanesby+flutes. There are several more Stanesby traversos in
this collection (some of them damaged, or with later added keys).
Another traverso by Stanesby Junior is in the Musée de la Musique in Paris, a drawing
(again by Beaudin) is available, see http://collectionsdumusee.philharmoniedeparis.fr/doc/
MUSEE/0162306 for pictures and more information.
Epilogue
A last word about Frans Brüggen and the flute he played on the photo. I did some research
and found that Friedrich von Huene made a traverso after an instrument by Chevalier (in the
Museum of Fine Arts in Boston), which he sold in two versions, one at the original pitch of
a1=410 Hz, and the other in a1-415 Hz. See picture below, from a prospectus by Friedrich
von Huene (I am not sure if the Von Huene workshop still makes this flute). See www.mfa.
org/collections/object/flute-50386 for a picture and more information about the original
traverso by Chavalier.

I am pretty sure that Brüggen played this Chavalier copy during the session on the photo
(see second page of this article), but as I have to believe Mr. Arita, he did not so at the
definitive recording. But if he had played that instrument, it would actually not have been a
bad choice. It is said that a French flutist (Buffardin) has inspired Bach to write some of
finest works for the flauto traverso when he was visiting Germany.

measurements in millimeters, by Jan Bouterse

Stanesby Junior - traverso, copy by Hans Coolsma
from instrument in collection Frans Brüggen (now Arita)

hole 7 at L 37.5, Ø 5.7x5.7, undercut to L 6
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Arthur Benade

Cutting the flute’s embouchure
Foreword
The following notes are part of a letter that physicist Arthur Benade (1925-1987) sent to a young
maker of early flute replicas. The maker was requesting some help in shaping the flute’s mouth
hole. In fact, when measuring flutes in museums we gather plenty of information on the outside
turning, a lot on the bore, but little when it comes to the mouth hole, because a permission is almost
never given to take a cast of it. Neither would it be of much help, since the mouth hole is often
ruined by too much tampering by earlier users. So, observation by eye and personal convictions
must only be relied upon when we work back in the workshop.
At least we had a decent theory of the relevant parameters…but literature on the subject is very
scanty, if it ever existed. This letter was lost in a mess of sheets, notes, scraps of information, and
re-surfaced only by chance now, after almost 40 years.
Benade died in 1987 and it is not known if he ever published the following observations, but in
the same letter he had made clear that he would like to do so.
So it is better to make sure now, at least to start a discussion on the subject. Only paragraph titles
are added to the original text. The drawings are from Benade's letter, in his hand – Filadelfio Puglisi

(Page 4 to Page 8 of the letter)
Mouth hole orientation

We begin by noticing that most players do not blow directly at right angles to the axis of the flute;
some face a little northward, whereas some face a little southward. If one builds an elliptical or
rectangular hole of the sort used in modern flutes, it makes sense to orient the major axis of this
embouchure hole so that ε is slightly less than 90° for the first player and slightly more than 90° the
second. Mostly it is not worth the very considerable trouble required to do this. Very often as a
matter of fact, if ε = 90°± 5°, any civilized player on a good instrument will automatically find a
way of flowing that best adapts the structure of his lips and teeth to those of the flute. Other things
are so much more important that that I tend to let this orientation find itself.
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The ratio D/W matters really very little in either of two cases: (a) if D/W ≈1, as in your renaissance
flutes, 5% from round makes more of a difference to the appearance then to the playing provided
the area is kept constant and (much more important) the undercuttings are properly proportioned, as
outlined below. (b) if D/W≈ 0.8 as in the 19th century and later instruments again there is more
constraint against a 5% change via appearance than via playing.
The two tribes (a) and (b) play differently from one another however, mainly because (with ε= 90°)
D is fairly constrained by steered—flow air-jet physics, whereas W is controlled more by the
player's preferences or ability to manage a narrow or a wide air jet (see wt in my Fig. 22.10 page
490, Fundamentals of Musical Acoustics).
Once again I must emphasize that the freedom claimed depends on one's ability to "get everything
else right" in a manner consistent with changes we are discussing.
Longitudinal Undercutting
The choice of whether the undercut angles γ and δ on the north and south sides of the hole are
equal or not is almost random, again subject to the general "rightness" proviso.
As long as (γ + δ) is roughly constant it doesn't much matter (so far in our discussion) what the sum
is, provided the hole impedance reduction associated with the undercutting is taken
care of some place.
It is traditional to choose the inequality to favor players who face left or right, but one finds schools
of thought that are directly contradictory when you look at what is recommended!
You will see a little better what is involved by the time you have read about the rest of the
undercutting business. For many years good flutes have been made in which these two angles are
zero. However, one really does get better results if the inner corners are rounded, or undercut part
way and then rounded.
Transverse Undercutting
The question of suitable angles α and β has been much vexed.
Look at Figs. 9, l0 and 11 of Miller's translation of Boehm's The_Flute and Flute-Playing (Dover
1964) plus the accompanying text ... Boehm's and_Miller's.
For today's flutes one often finds that β = -α, (!!) and γ = δ = 0 because a
straight-sided cutter has been used to form the hole, with the center of the hole being offset from the
tube axis.

It is however in this case good practice to undercut to produce a larger (including positive) value
for β for at least the inner half of the chimney height.

2

Analogous part-way undercutting on the forward side (two-valued alfa in this region) is NOT A
GOOD IDEA. In fact it can sometimes lead to disaster.
Setting aside the newer flutes where the lip-plate angle gets into the act, let me say that for
embochure holes of the sort one sees on renaissance and baroque flutes, the angle α needs to be
around 7 degrees.
The modern maker is often confused by what he sees and makes the angle on his old instrument
copies considerably bigger than this. Worse yet, he may try generating the whole embouchure hole
profile by pulling a rotating conical cutter (fraise) outwards from the inside, so that α = β = γ = δ .
The next paragraph suggests a reason why today's maker is plausibly led to make this mistake
The larger embouchure holes used on classical and modern flutes need less undercutting, mainly
because a larger hole drilled into the same head diameter automatically gives the effect of larger α .
This is true to an exaggerated extent on the Boehm flute where the bore diameter at the embouchure
hole is only l7 mm instead of the l9 mm typical of the conical flute that immediately preceded it.
The fact that Boehm's own first design was conical may help us understand the discrepancy
between what he said and what his matured experience led him to do.
It may also explain why people tend today to make α too big when trying to make a baroque or
renaissance flute -- it looks drastically undercut to someone used to today's instrument. Also they
may be thinking of the α = 90° of a recorder!
All this talk, and I have not said what is the symptom of a overlarge α : The stupid thing will not
speak well. The tone is gutless, no dynamics, no power, wobbly pitchs, poor attack. You cannot
pounce on a note, even when the headjoint alone is tested.
The fact that uncovering a lot of the hole will make it play less badly is often a clue to too big
an α since rolling the flute away will reduce the angle between the wind and the edge against
which you blow. Notice that this angle α is the only thing that I have discussed that has relatively
close tolerances, and is not negotiable via trade-offs with other parameters.
I will not take time here to say why it is on the other hand that much can be gained by increasing
beta (as mentioned earlier), even to an extent that at first looks absurd.
Transitions beetwen Undercut Angles
We are now in a position to describe something that is crucial to the proper working of an
embouchure hole, regardless of its basic style or vintage: the way in which one arranges the
transitions between the undercut angles specified so far (front and back, north and south).
If we define an azimuth angle θ measured counterclockwise from a blowing direction normal to
the flute axis, then your angle α defines the undercut at the azimuth θ = 0, γ defines it at θ = 90°, β
at 180°, and δ at 270°.
Our problem is to specify the transition behavior between these 90°azimuths.
First and foremost we consider azimuths lying in the region one blows against, running
counterclockwise from about θ = 300° (= —60°) and θ = +60°.
In this region the embouchure wall must have a profile such that at every angle θ the intersection
of the hole surface with a plane containing the hole's own axis is a straight line.
An attempt to generate this part of the profile with a file is doomed to failure since any convexity
of the intersection leads to fluffy tone and slow response. The tool to use is a stubby, straight edged
scraper with a large round handle.
The diagram below shows how I use the word "convex" and "concave" .
It also shows a perfectly acceptable undercutting profile in the azimuth region that lies outside the
magic 60°.
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To give you an idea of the touchiness of a flute regarding convexity (especially in the regions
centered at about θ = 45°) let me give an example from a few years ago.
Scraping out patches of convexity the size of the capital O of this typewriter, located about
3 mm down into the hole, one at θ =+45° and one near -45° made one otherwise good flute "wake
up" enough that my son who is not a wind player but has good ears come downstairs to see what
had happened. He asked what I'd done to make such an abrupt change in what he heard of my
music ... "it sounded as though the flute was let out of jail"...! I will grant that you sometimes see
flutes that play ok with a little convexity in the region I'm talking about, and that sometimes
removing it does not make a dramatic change. In every case however, closer examination shows
that (a) if the flute is otherwise good it can be made to play better, (b) if it is not good the change of
profile has its effects masked by other things (c) the player doesn't know how to really exploit the
instrument and so fails either to notice or to display the change.
Important! The foregoing is not intended to suggest that you take a knife to a famous old flute to
correct the hackings of some idiot who thinks a little scraping around the rim will improve things.
There are many such vandals, and the results of their destructions should be left to their shame,
unless you propose to make a proper restoration. This requires inlaying an entirely new piece within
which a hole will be cut.
To do less is merely to saddle the museum curator or collector with yet another flute with an
oversize embouchure hole for which its other proportions were not designed. Such instruments are
unfortunately not rare, in part because some ignorant souls have tried by such mayhem to raise the
pitch of A-435 instruments to A-440 (etc., etc.).

Rounding of Edges
The question of suitable rounding (or not rounding) of the inner and outer ends of the embouchure
hole is in part easy and in part hard to answer.
At the inner end of the hole, all the rounding your courage permits will lead to freer and stronger
blowing at the loud end of the dynamic range, without loss of control at the pianissimo end.
As usual the caveat holds that one must be sure that the overall acoustical structure of the
instrument is consistent with the slightly reduced impedance of a well rounded hole as compared
with an unrounded one.
At the outer end of the hole things are more complicated: The region outside the central region
defined by θ ± 6O° can be rounded almost as vigorously as the inner end, although it tends to look
sloppy if carried as far as I would otherwise prefer.
Within the magic region one works a fairly sharp edge, finishing it with many trials very slowly
4

using only an ink eraser to get a smooth edge that flows continuously and neatly into the more
rounded north and south ends of the hole.
Be careful not to more than just barely let the rounding increase for angles less than about θ = ±
50° lest the response get fluffy.
The player's taste has a lot to do with what you try for in this central region, but be careful to
leave him wishing it is more rounded rather than less rounded than his present taste. One reason for
this is that wear and later adjustments can still move things in the direction he wants.
Another reason is that as he gets used to the profile his ability to get a clean unwiry sound increases
greatly, so that he tends to shift his preferences with experience.

11 December 1978
Prof. Arthur H. Benade
Case Western Reserve University
Cleveland Ohio
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Luke Emmet

A simple yet effective tool to ease lute peg/string winding problems
Many new lute players struggle to grapple with lute pegs. Particularly those coming from the
guitar and more familiar with modern guitar tuners, 13 or so traditional lute pegs tightly packed
in a pegbox can seem quite daunting. The pegs can seem to unwind randomly without notice, or
become too stiff for comfortable use.
Stiff or slippery pegs can be helped in part with some peg paste, but often the main cause of
peg problems arises from how the string is wound on the peg.
In the Lute Society’s booklet “How to care for your lute” (a very handy guide to pop in your
lute case), the general principles are outlined. The string ought to be wound on the peg so that
the last one or two turns just touch the sides of the pegbox before heading towards the nut. In
this way the string helps to hold the peg in place, reducing the tendency to unwind due to the
slight extra friction and tension between the string and the side of the pegbox.
However these string windings need to be adjusted from time to time, so that this tension is
just right. Both the peg and string will settle in, particularly after a new set of strings are fitted
(but also generally over time), and so the string winding in the pegbox will need to be
periodically adjusted to be not too tight and not too loose.
In practice it can be difficult to control the string winding within the cramped area of the
pegbox among the many other strings and pegs. New lute players in particular often need help
with this, but any lute player can benefit from this process being made easier.
You can very easily make a simple lute pegbox string guider to help with adjusting the strings in
the pegbox. It is very low tech and is simply a shaped piece of wood with rounded ends. It lets
you get into the strings in the pegbox and guide them left and right as the peg is wound. It
should be made of wood with rounded edges so no damage could be done to the pegbox or
strings.
Here is an outline of the tool. The precise dimensions are not critical, but the larger end is to
help it to be comfortably held between the finger and thumb for control. The thinner end allows
you to get into the pegbox and guide a chosen string left or right as you make your peg box
string adjustments.
I make mine from 2mm thick ebony offcuts (from making lute fingerboards), but any dense
timber should suffice. It is rounded on all edges with some sandpaper to prevent any damage.
The overall dimensions are approximately: 40 x 15 x 2mm.
Just keep it in your lute case!
A very easy alternative for lute players
could be to purchase an ice cream (the
type with a wooden handle). The ice
cream stick shape and dimensions are
more or less the right size too. And you
get to enjoy the ice cream, guilt free!
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Chris Barlow

Pedals, stop or knee lever? A Weber Square piano, Dublin 1774
This paper started as way of analysing, and then communicating with the owner, the questions regarding
pedals on a square piano I am restoring. The piano, built in Dublin in 1774 by Ferdinand Weber has some
unusual features and evidence that it was once fitted with one or maybe two pedals. It was found without any
pedals surviving and little in the way of the original sustain mechanism though a very crude later arrangement
using the original stop lever remained. There was a knee-lever to operate a swell worked by raising the small
lid section above the soundboard.
Perhaps its most distinctive feature is in the design of the legs. Like an old trestle-table a pair of legs are
pivoted to the underneath and can fold up and be locked into place underneath the piano for easy transport.
An iron brace holds each of them in the open position.
The piano has clearly suffered much abuse from humans, woodworm and severe shrinkage of the timber
parts. The legs have been broken, repaired and repositioned and parts have been lost. The soundboard and
bridge had collapsed to the extent that someone had nailed a large number of heavy blocks of timber to
support it from beneath.
Only one other similar piano is known to survive, which is in the Metropolitan Museum in America. A black
and white photo also exists of another that was exhibited in 1908 that had belonged to Sarah Curran. (The
shape of the leg pieces indicates that it cannot be the instrument currently under restoration. Its fate is
unknown.
Both of these other examples show the same folding legs and both show two pedals. However there are clear
differences between the two systems. It should be noted that the piano in the USA has two sets of hammers
that the player can switch between (hard or soft). The piano of 1774, under restoration, has only ever had a
single set of hammers.
WHAT DID THIS PIANO HAVE IN THE WAY OF PEDALS?
Having studied details presented on the piano it is clear that the system for operating the damper lift and the
lid swell has had several incarnations. I believe the following is the most likely order of events:
A When it first left Weber’s workshop in 1774 the dampers were raised by a hand operated stop lever
operating a bar running underneath all the dampers* and rising up a ramp system typical of the period. The lid
swell was operated by a pedal linked to a wooden lever which is pivoted to the inside of the front case wall
below the small lid flap, which it opens.
B At some later time a linkage was added to the lid swell mechanism to operate the damper-lift at the same
time as the swell. A spring must have been added to the damper system and this would now mean that the
handstop could no longer be used for sustain.**
C This linkage was later abandoned and a separate damper pedal provided which was attached to the left leg
and linked by a cord running over a pulley to the existing lever. A wire spring was added to return the lever.
D The swell pedal was replaced with a knee-lever. *** The damper pedal probably removed at the same
time and the components that lift the dampers were discarded and a crude wedge was fixed to the end of the

stop lever to raise the left hand end of the whole damper frame. Two heavy leaf springs were added to press
the damper frame down when the stop was ‘off’. The lever, with its pivot point, was moved back by about 15mm
to operate this new system. The position for the pedal connection would no longer have lined up and must have
been abandoned by now so that the stop would have been hand operated once more. This system has now
broken parts of the damper frame.
------------------NOTES
*The damper-lift has always raised all the dampers together. The system was never split between bass and
treble; the original components no longer exist. However there is plenty of evidence left in the form of holes for
guide pins, and marks where the ramps were fitted etc. to be able to reconstruct this accurately.
** This linkage may possibly have been there from the beginning. However, there is a small piece of evidence
to suggest this was a later addition. There is a moulding that edges the soundboard, but it is missing against the
keywell case end. Certainly something was once fitted here and there is even a diagonal mark on the
soundboard to suggest something across the corner by the vertical rod from the lid-lifting lever. There is a chisel
cut into the soundboard which suggests that the piece of moulding still found there was shortened in situ to
allow a block to be added after the completion of the soundboard and its moulding. If it was conceived from the
beginning then the moulding would surely have been cut to the right length before it was fitted. The fact that the
damper lever has a brass knob indicates its original intention was to be hand operated too.
Most,perhaps all, similar pianos that were designed for pedals from their inception do not have a knob. The
linkage would render the stop inoperable for use as a hand-stop because there would have to be a return spring
essential for use by a pedal. The stop would therefore not stay ‘on’ when hand operated.
***The height of this piano is noticeable lower than most squares I have come across. Floor to the underside of
the base measures only 530mm (21 ¾ inches) I cannot get my legs under the piano without stretching my legs
straight out forward. The knee lever would seem to be somewhat awkward or even impractical for all but a very
short person. The fact that the piano’s leg fold up limit how long they can be. Their brackets are already
positioned at their widest as indicated by the two sets of screw-holes in the baseboards.In fact, were the legs to
moved to the inner position they would not be able to fold, thus confirming they are in their original position. I
think the knee lever is therefore very unlikely to be original. The piano base also has some marks which I
believe indicate there was a retaining bracket just to hold the pedal or pedals in place when the legs were
folded.
GENERAL COMMENT
The legs have clearly been repositioned and even swapped around during the the piano’s history.
The hinge fixing of the long pedal, in particular, would be very vulnerable to damage. Indeed of the three holes
in the foot of the legs (from the hinges) one still has a broken off screw remaining. This might be a reason for
swapping the legs around. It is also evident the legs have been badly broken and repaired too. (see evidence 3
and 4 below).

DAMPER LIFT MECHANISM
Although the original lifting part of the sustain mechanism is lost there remain a single line of holes for guide
pins, a few brass retaining pins and a single line of marks along the underside of all the remaining damper
arms showing where the rising bar lifted the dampers. There are some very small marks left on the plank
showing that the system used ramps glued to the plank with a single bar riding up these ramps. This bar
would be moving at right angles to the damper arms as it lifts them and this puts extra strain damaging their
leather hinges. On a ‘stop’ that is used less frequently than pedalling this is much less of a problem. But a
pedal can be used quite differently to a stop and may well be a reason for altering or abandoning some of the
damper-lift system during the course of the piano’s history. It is also worth noting that written on the back of
the damper unit are gauge numbers marked in pencil, to indicate the diameter of the individual brass damper
springs, as follows: (Numbering from the treble down towards the bass. The bracketed figures are
approximate (suggested) diameters for these gauge numbers)
1-8
no.4.
(0.23)
9-17, no.5.
(0.27)

18-29 no.6
30-37 no.7
38-47, no.8

(0.30)
(0.33)
(0.36)

48-59 no. 9
(0.40)
Currently the damper spring diameters measure as follows: 1-11 are 0.52mm, 12-59 are 0.76mm ..
I found two very small remnants of brass wire for the top two dampers. These wires measured 0.23 and would
correspond very well to the gauge number 4 indicated. I later found another piece in the no. 7 section which
measured 0.33mm. It can be seen that the existing springs are much heavier than those intended.

Evidence presented on the two legs:
1.
2.
3.
4.
5.

6.
7.

8.

9.
10.

An ‘X’ chisel-cut is seen cut into the baseboard on the right hand end leg position.
Leg A has an ‘X’ chisel-cut into the top of it.
Leg A has two sets of hinge positions marked by old screw-holes. (both have been filled)
Leg B has one hinge position (not filled) at its right.(As viewed from their inside surface)
Leg A has a deliberately chiselled away curvature on its top rail at the left. The patina exactly matches
the rest of the rail.(which is dark and probably a varnish applied when the legs were repaired. This
dark varnish covers the two sets of plugs which fill up the disused holes from the pedal hinges.
The top rail of leg B is carefully shaped with a slight angle at the top to allow the leg to splay outwards
a few degree. This has been covered by the same (later) dark varnish.
The top rail of leg A is more crudely cut than leg B and appears to have been reshaped. The angled
bevel is no longer a flat surface,this may have been done when the legs were swapped round. It
should be noted that the legs fit properly when the two Xs line up but not the otherway round. The
right leg binds against the retaining buckle
The base of the piano show two places where the two pairs of bearing blocks have been positioned.
They were found,(2017) at their widest position and this is the only position that allows them to fold.
When in their inner position the legs cannot pass under the retaining bracket and buckle for folding.
Marks on both the base of the piano and on the legs show that the iron struts have been repositioned
more than once.
Both legs have been repaired where the cut away design has caused a weak area of short-grain. Leg
B shows an old repair that still holds, Leg A shows worse damage and although it had been repaired
in the past has been more carefully repaired again by Lucy Coad. The iron support arms were
originally fitted above the decorative cut-outs. This would have increase any stress at this week spot.

From the above information I find the only conclusion is that the two Xs are original marks indicating that the
legs were found in their original place. This results in two pedal/hinge positions at the rear and only one at the

front which is for a pedal on the right ie. the swell. There was no pedal on the left leg in this, the earliest
scenario, as there are no old screw-hole for a hinge. At a later date, perhaps when the legs broke, the legs
were swapped round, a damper pedal fitted, the curve chiselled out on leg A and the top of it was also roughly
rounded off more as it would not sit well against the baseboards. The legs were no longer able to fold properly
for carrying. This alteration may have been prompted by the legs breaking.
KNEE LEVER OR PEDAL AND A LINK TO OPERATE THE SUSTAIN?
11. Under the soundboard the channel for the connecting rod for the swell lever had been carefully
pre-planned.The soundboard liner and the near end of the belly rail which forms the liner have both
been cleanly cut short to form a channel leading to a hole drilled in the base. These cuts, and the
cleanly drilled hole in the base, must therefore have been made before the carcase and soundboard
were assembled and show that a lid-swell was part of the design plan from the beginning.
12. The swell lever inside the front of the case appears to be identical to the piano in the Met. However it
is currently operated by a knee lever. The total movement of the lid flap is limited to about 30-40mm
under the current arrangement but marks visible on removing it show it once moved nearly twice this
amount.
13. The knee lever is made of mahogany ( ie not matching the inside lever which is probably a fruit wood)
and is pivoted with a screw of a modern type. This with no.13 above presents strong evidence the
knee lever is a later addition.
14. The internal lifting lever is returned by means of a wire spring. However there are two marks/grooves
that are no longer used by anything remaining on the piano but would most likely have operated a
crank for a long rod running behind the nameboard to move the damper stop.
15. There are marks on the soundboard side of the keywell end indicating past usage as suggested in 11,
above. this would be a block holding a crank.
16. The dampers’ operating lever ends in a brass knob. There is an empty hole a short distance from the
knob. When the metal lever is returned to its original position this hole lines up exactly for a long
connecting bar to run behind the nameboard to be operated from the swell pedal.
A SEPARATE DAMPER PEDAL
17. A failed attempt to drill a hole vertically through the brass knob is evident. Again when the lever in its
original position this mark lines up with two screw holes beneath it which would have been for a
bracket holding a pulley. It is possible that this attempt to make the damper pedal-operated was never
successful or completed even. It could not have co-existed with either hand operation or when the
dampers were linked to the swell system. Neither could it have worked the final system (`D`above) as
nothing would have lined up with the pulley markings. The screw-holes from the hinges on the legs
show there was only ever a pedal on the left when the legs were in their wrong position. The was no
evidence for a left pedal when the legs are in their original place.

INFORMATION FROM OTHER WEBER PIANOS
The B&W photo of Sarah Curran’s piano shows a shorter pedal on the left, which is connected to what
appears to be an iron wire ending in a hook. A length of cord connects pedal to hook.
A longer pedal on the right has a cord rising nearly vertically upwards under the piano. No other linkage is
visible.

THE PIANO IN THE MET
This shows two pedals of similar lengths to each other.Their end position suggests the intention would be for
use by the players right foot only. I cannot see a logical reason for that. A more complicated linkage
(compared to Sarah Curran’s) is seen for both pedals. This involves various brackets supporting cranks etc.
These brackets must be screwed to the base of the piano.
There are no old screw-holes at all under the 1774 piano that could correspond to such fittings proving
that this particular system was never used here.
COMMENT ON THESE TWO WEBER PIANOS
Having experimented with cardboard cut outs I believe the two long pedals would prevent the legs from
folding up under the piano for transport. However a short left pedal as in Curran`s can allow the legs to fold.
The Met`s right pedal looks to be of identical design to SC’s which may well suggest that Weber himself fitted
these pedals most probably at manufacture or soon after, yet the linkage is quite different to the 1774 piano
which has no evidence to show things were ever fitted under the base of the piano.The left pedals (on SC`s
and the Met`s)are quite different to each other and may suggest the work of a different person.
I was concerned that the addition of the pedals onto the legs might prevent the legs from folding. In fact the
long right pedal has to fold out and down as it is too long to fold upwards. That works satisfactorily. A short
left pedal would have to fold up, not down. Then both legs can fold flat properly with the pedals still attached.
It now explains the existence, under the piano, of two marks indicating old screws or, more likely nails. These
are in exactly the right position for a block holding a turnbuckle, similar to the existing one that holds the legs,
that will secure one or even two pedals which now lie one above the other when folded. They would be very
vulnerable otherwise.
-----------------------SOME RELEVANT EXAMPLES FROM OTHER SQUARES
I have three other early squares that were fitted with pedals and show a variety of applications:
Buntebart and Sievers (or possibly Buntebart only,undated but early)
3 pedals lid-swell (right), Damper lift (all notes) and Harp(buff) stop. It never had stops. The dampers use
slender rods pivoted to each individual damper shaft (unlike the Weber but like the early Zumpe’s) However
the sustain bar running beneath all the dampers is more sophisticated as it has the ramps(wedges) mounted
on a sliding bar which means the batten that lifts the dampers rises vertically and not sliding across each
damper. This does reduce some of the problems for the leather hinges.
The evidence on the 1774 Weber shows the more primitive version of this was used, which does add some
more stress to dampers. Indeed the evidence does suggest his dampers have suffered some abuse under
the various methods used during its life.
Longman and Broderip:(earliest form of Gieb’s action therefore c1786)
Damper lift by stop, harp by pedal. I have seen this on other squares and the implication would be that it
could act in two ways. (1) simply as seen, operating independently. or (2) as a reverse damper. That is: by
turning the damper stop ‘on’ (ie sustained) the harp stop pedal could be depressed as desired to kill the build
up of resonance thus working the other way round to normal damper pedalling. On this piano the overhead
damper design is similar to the Weber, though a little more robustly built, yet, using the sustain as a stop and
the harp as a pedal operated damping method, much less wear is put on the hinges of the dampers extending
their durability considerably. Interestingly this is exactly how a harp works. The strings are always undamped
but the player must damp out unwanted resonances from time to time.So perhaps the name `harp stop` had
more meaning than at first understood. Harps of this period also had foot operated shutters very similar to the
lid swell on squares. Certainly in Wales the piano and the harp were in strong competition with each other to
the extent the piano was actively discouraged in some of the large house so that the traditional harpers
prospered. (I don`t know about Ireland though!). I also note that a later and superior form of damper system -

and usually pedal operated - was designed by Southwell who was apprenticed to Weber. His system puts
very little stress on the leather hinges which must have been part of his thinking.

Deblieu (London c.1790 perhaps)
A single pedal for sustain. This was designed to work in the same way as the last version found on the Weber.
The overhead dampers are on a hinged frame as in the Weber, but much more robust and able to take the
twisting moment the large wedge produces..
-------

IN CONCLUSION
I can now account for nearly every disused screw-hole or other such mark found on the Weber which has lead
me to the suggested order of events. The Buntebart and Sievers (as mentioned above) has the earliest form
of dampers which all hinged to the back of the case and a very slender riser is pivoted to each damper to link
to the key lever. The Deblieu and Longman and Broderip are the next step in development where the damper
unit can be hinged as a whole ( like the Weber) and the riser is a stick topped with a leather pad. This system
is commonly found on slightly later instruments than Zumpe’s first examples. It certainly makes life much
easier when it comes to replacing a string or extracting the action. However the Weber design is rather more
delicate than either of these models and perhaps prone to problems caused by some of the alterations since it
first left Weber’s workshop. The Met`s Weber seems to show the earlier Zumpe design. There the damper
cover rail is fixed to the case side and the dampers are hinged to the stout part of the spine which also holds
the small springs. The Met`s 1772 and the 1774 Weber are surprisingly different in small details and that is
without considering the extra set of hammers.Details of the pedal system of the 1772 therefore do not serve
as a good model for the 1774 piano under restoration.
----------------------------IMAGES

Leg B was found on the left side; although that puts the hinge screws-holes at the rear of the piano it was
almost certainly the original way round.
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Above: the legs in original position.
Note there is no indication of a hinge at the left front side.
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In this position, with the legs swapped round , there are
positions for the hinges to be hinged on the left and the
right. However the legs do not fit properly this way round
and canot fold up. The cut-away must also have been made
at this time.

Likely linkage for swell plus sustain to be operated by one pedal
Left. Stop lever showing brass knob with a partial
hole drilled through it. The lever is in the forward or
the two possible positions.The thin iron rod
(conjectural) can link to the swell mechanism and
runs behind the nameboard. The rod would be
threaded and secured with a nut. Beneath the knob
are two screw holes for a pulley such as the example
seen here.

A mock up showing a linkage for the connecting rod which would operate the sustain from the swell’s internal
lever.There is evidence that a block like this was fixed to the case side and this is comparable to the system
found in the Met’s piano. The original internal wooden lifting lever is seen on the left and is pulled by the rod,
just visible, in the corner. This is secured by the square leather nut and passes down through the soundboard
to the underneath of the carcase and then connected to the pedal by a cord, though it was found connected to
a knee lever. A wire spring is to be seen in the bottom left corner and the white piece of masking tape
indicates a curved notch found under the lever for a crank as suggested here. This system may have been
there in 1774 but I believe it was added a little later. It would give the maximum contrast between soft and
loud, though prevents independent use of the sustain.

Left.This is the sustain system found on the piano before conservation by
Lucy Coad. The stop lever has been moved back by about 15mm from its
original position and a wedge has been fitted to it which will raise the whole
of the damper unit. The two holes in the back of the piano, indicated by tape,
show where a block holding a modern leaf spring had been fitted. There are
two stout vertical pins which limit the extent of the lever’s movement. One
has been marked with tape. The bent wire bracket with a loop should retain
the damper unit but for this system it must be turned away to allow
movement of the unit’s frame.
Right. The underneath of the dampers clearly
showing signs of the original system. The
marks are from a bar lifting each damper arm
from below.

Below Evidence on the hitch plank of the
original lifting system. Note the gauge number
7 stamped by the hitch pins

