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BULLETIN 146

Christopher Goodwin

This is the second (summer) issue of the 2019 subscription year (numbers 145-148), more or less
on time. All last year’s members will receive this as a PDF, but you will only receive the paper
copy when you have paid your subscription for this year. Thank you to those who have paid –
those who have not will receive a renewal reminder PDF by email or a paper copy in the post.
We are grateful to Jan Bouterse for continuing to share with us the fruits of decades of study
and experience in woodwind making, complemented by a piece of wide general appeal on
making ribs and veneers, and a Comm bringing the compass-and-dividers geometrical
techniques of the ancient ones up to date with some more advanced maths. You will also find in
this issue something completely different: members talking about what they are doing at the
moment, and what is on their minds. This little survey was intended as a conversation starter –
please write in with a Comm or two if you feel inspired . . .
Later in the year, we are promised another magnum opus from Chris Coakley on fretting and
temperaments.
A little more home news: it was reported in the last issue that we would respect Ephraim
Segerman’s request not to be memorialised; nonetheless David Fallows is writing an obituary for
the Viola da Gamba Society and we will inform subscribers when it appears.
Welcome to new members
We welcome new members this quarter: Paul Douglas, Sacha Standen, Nicholas Braun, Richard
Hume, Ricardo Manzano de Serranos, and Neil White.
De Bouwbrief, issue 172
This is an attractive colour A4 Dutch language magazine for instrument makers—a bit like Fomrhi
Quarterly but much prettier! Issue no. 172 has another instalment of Peter Forrester’s essay on how
to build a cittern, translated into Dutch. There are several reprinted pieces on organ construction
by Jan van Burema, another instalment of Jan Bouterse’s magnificent series on woodwind
instrument making, which he is translating himself into English in Fomrhi Quarterly and pieces on
building table pianos, and a Guarneri violin copy.
Forthcoming conferences
There are some interesting congresses in the UK coming up: very shortly, August 23rd-25th, in
Oxford at the Bate Collection, in conjunction with the Galpin Society, a joint conference:
‘Musical Instrument Collectors and Collections’. Then on October 17th-18th in Edinburgh, at St
Cecilia’s Hall there is a conference on Wood, Musical Instruments, and Sound. For details see
http://www.galpinsociety.org/forthcoming%20events.htm)
Cambridge Woodwind Makers Courses
Cornetto Making – Mon 26th August @ 09:30 - Fri 30th August @ 17:00
One-Keyed Folk Flute Making – Sun 1st September @ 12:00 - Fri 6th September @ 12:00
Oboe & Bassoon Repair & Care – Sat 14th September @ 10:00 - 16:00

Recorder Making with Jacqueline Sorel – Sun 15th September @ 09:00 - Thu 19th @ 17:00
Recorder Repair & Care – Sat 21st September @ 10:00 - 16:00
Recorder Repair & Care - Sun 22nd September @ 10:00 - 16:00
Clarinet Repair & Care – Sat 28th September @ 10:00 - 16:00
Baroque and Modern Oboe Reed Making - Sat 5th October @ 10:00 - Sun 6th October @ 16:00
Saxophone Repair & Care – Sat 12th October @ 10:00 - 16:00
Baroque Oboe Making – Denner – Sat 12th October @ 10:00 - Thu 17th October @ 17:30
Key Making – Mon 4th November @ 10:00 - Thu 7th November @ 17:00
Recorder Making with Tim Cranmore – Mon 11th November @ 10:00 - Fri 15th Nov @ 17:30
And in 2020:
Baroque Oboe Making – Sat 11th January 2020 @ 10:00 - Thu 16th January 2020 @ 17:30
Recorder Making with Tim Cranmore – Mon 27th January 2020 @ 10:00 - Fri 31st @ 17:30
Recorder Making with Jacqueline Sorel – Sun 23rd February 2020 @ 09:00 - Thu 27th @ 17:00
Recorder Repair & Care –Sat 29th February 2020 @ 10:00 - 16:00
Recorder Repair & Care– Sun 1st March 2020 @ 10:00 - 16:00
Flute Repair & Care – Wed 18th March 2020 @ 10:00 - 16:00
Clarinet Repair & Care – Thu 19th March 2020 @ 10:00 - 16:00
Flutemaking traineeship
A Flutemaking trainee is sought to avert craft extinction. The Heritage Crafts Association (HCA)
has set out to save British flutemaking by seeking potential trainees interested in learning this
intricate and highly-skilled craft from a retiring master. Stephen Wessel from Somerset is currently
believed to be the last full-time craftsperson in the UK making fully handmade Boehm system
flutes. Stephen’s impending retirement, after 35 years in the business, not only ends a long and
illustrious career, but could signal the end of flutemaking in the UK – a proud tradition stretching
back to the nineteenth century. Even before news of Stephen’s retirement, the scarcity of British
flute makers had led to the craft being reclassified as critically endangered in this year’s edition of
the HCA Red List of Endangered Crafts. As the organisation set up to safeguard traditional craft
skills in the UK, the HCA has teamed up with Jonathan Myall (a lifelong flute enthusiast and
owner of Just Flutes in South Croydon) who has offered to host and support a trainee while they
learn the craft from Stephen. The successful applicant will be keen to learn, will have a proven
ability to solve technical problems, and is likely to have existing engineering skills (such as those
gained from precision silversmithing, jewellery or model engineering) which will serve them well
when learning to make the key mechanisms that create the beautiful even tone for which these
flutes have become famous.
For more details and to express an interest in this potential opportunity, applicants can contact
Mary Lewis, HCA Endangered Crafts Officer, at mary@heritagecrafts.org.uk. Applicants should
note that the traineeship is dependent on the HCA and Jonathan Myall sourcing additional funds
once a suitable candidate has been identified.
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Cutting square ribs or veneers safely from a round log with little wastage
Cutting your own lute ribs or other similar sawn veneers is fairly straightforward when you
start off with a squared piece of timber – you use a square edge and face as the reference
face against the table and fence of your band saw. In some cases you might need to roughly
plane an edge to improve its square aspect before ripping.
With a square edge and face you have a stable reference from which to saw from. But if
there is no reference it is very difficult to get good results, and it can be dangerous.
So how to get started when you start with a round log? Large logs should be processed by a
mill, but you may acquire smaller logs that you want to process on a typical workshop band
saw (say up to 200mm diameter, 1m length)
Putting a log onto the band saw is quite risky – it will tend to roll around, causing a safety
hazard. And your first cut will likely not be well aligned in the timber, so you can waste a lot
of material. You will likely feel frustrated in your efforts to hold it steady and get a good cut
into it. But the safety hazard of a rolling log is the main risk.
In order to cut safely from the log, the objective is therefore to derive a square edge and
face that is well aligned in the material, from which subsequent rips can be made. The task
is to safely devise a means of doing this.
A technique for doing this involves a board slightly wider than the log, and a means of fixing
the log to the board to hold it stable. The board can be of any material – MDF or plywood is
good.
The face of the board
provides our first reference
surface that can sit flat on
the saw table.
One possibility is to screw
the board to the log –
however this is risky as we
could hit the screw with the
band saw blade as we rip
into the log.

Instead I am using an engineered stepped dowel system – called “Miller Dowel” 1 which
comes with a convenient cutting bit that precisely fits the shape of the dowel. Three sizes
are available, the most useful being the ones approximately 40 and 70mm long.
The advantage is that the system works like a nail – which you can hammer in from the
outside. And due to the custom bit, the dowel fits very closely any hole drilled.
To securely attach the board to the log we need will to use 4 dowels – two at each end
positioned approximately a quarter and three quarters of the width of the log. Or you can
use 3 at each end if desired for extra security.
The general alignment of the log, board and dowels is shown in the following schematic:

In the following photos I show how this system can be used to saw lute ribs from a yew log,
which has been attached to an MDF board.
Hold the log secure - for example in a large vice - and align the board above it as shown
above. Drill through the board into the log from the outside with the special bit, then
see http://www.millerdowel.com/ for manufacturer info – these are widely available in the UK from suppliers
such as Axminster. You can also order direct from the manufacturer if not locally available.
1

hammer in the Miller Dowels from the outside of the board. The stepped nature of the
dowels will hold the board securely against the log. Due to the snug fit you probably won’t
need any glue for this.
Trim the spare dowel protrusions flush with the face of the board with a saw and block
plane. This allows the board to sit flat on the table or against the saw fence.
It does not matter at this stage
whether the board is precisely
aligned on the log or not. In the
next step we align the cut with
the log.
Now mark a reference line a
fixed distance from the edge or
centre of the log. This will
depend on whether you want
the cut to align with the edge or
centre of the log.
In the following photograph you
can see the line marked along the left hand edge of the yew log.
This reference line will most likely be not aligned with the edge of the board, but it is now
aligned with the log. So when we cut with reference to it, it will go nicely along the edge of
the log, reducing wastage.

First
Reference
line

Place the assembly onto your saw table and cut by eye along the reference line.

Now place the reference line against the fence and use this to cut the first square line
through the log. This cut should be aligned well with the log.
Rotate the log up and onto this
cut face, and now we can use the
board against the fence to cut a
square line, again well aligned into
the log.
The result is shown in the next
photo.
We are now in a position to cut
the log as desired, for example
into ribs, sawn veneers or just a
square log out of the round log.
Eventually you will saw through
the Miller Dowels holding the
board to the log. As these are
wood, they will pose no risk to you or your saw blade.
In the final photo you can see
the final yew lute ribs cut from
the log.
I have also used this technique
to cut fingerboards from
boxwood logs, and other
squared boards for general
use.
You will probably find other
ways to make use of the Miller
Dowels.
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Nicholas Braun

Stencil mapping for lute bowl assembly
1.

Introduction

The craft of the lute maker was neglected for about two centuries, from the end of
the 18th century when the lute fell out of fashion until its revival in the 1970s. Hence
today’s lute makers are more dependent on historical references than are instrument
makers working in an unbroken tradition such as that of the lute’s close relative, the
oud. They must rely on museums and private collections (Lundberg 1974; Cepelak
1999), and on the ‘iconography’, that is, on depictions of the lute in painting and
sculpture.
As in other trades, the old masters kept their hard-won secrets to themselves, there
are no detailed design/construction plans. However, there does exist an intriguing
technical sketch by the 15th century polymath Arnaut de Zwolle, who was apparently
interested in all manner of technical instruments including musical ones. His sketch
(Fig.1) clearly illustrates a simple ‘straight edge and compass’ recipe for drawing the
soundboard outline, arguably modified from a geometry used for medieval Arabic ouds
(Rault 1999). In a recent article, Downing (2011) demonstrates that plausible geometric
constructions can be similarly concocted for later lutes (and ouds), i.e., using only
straight edge and compass.
In this note, the objective is to proceed from these geometrically constructed soundboard outlines to a mathematical description of the 2d shape of the ribs, that is, the
strips of veneer from which the bowl of the lute is assembled. A set of shape templates
for the ribs of the given bowl model is useful to the lute maker in the role of stencils from
which to cut the ribs. However, it seems to be not widely appreciated that their shape
can be plotted numerically. Instead, today’s lute makers typically create their stencils in
analog fashion by tacking tracing paper to the back of an instrument to be copied, or by
filing down a blank in situ on a mould rack.

Gamla Folkskolans Atelj´eer, Kyrkhamn, SE-16572, Sweden: f.n.braun@gmail.comEmail: f.n.braun@gmail.com

Figure 1. Belly elevations generated with compass and straight edge from a fiducial radius R, with associated
seam structures in axial elevation. (L to r) 13th century Arabic; Arnaut de Zwolle (15th century); Magno
Tieffenbrucker (1609)

There are two cases to consider. Zwolle specifies a regular polygonal cross-section,
which implies that the ribs of his lute bowl were identical with one another. By the
Baroque era, however, a shallower cross-section had become en vogue (‘more flat in
the back, they lie better on the stomach and do not endanger people to grow crooked’
(Thurston 1958)). The shallow-bowl design the right of Fig.1 is from an extant lute
dated 1607, by Magno Tieffenbrucker (Cepelak 1999). With this type the ribs are no
longer identical, hence such bowls are known as ‘multi-rib’ bowls (Lundberg 1974).
In the following it is seen that the identical-rib case has a simple analytical form
Eqn (2). The multi-rib case on the other hand requires a more involved computational
treatment. The palmate frond of Fig.2 illustrates the generic look of a multi-rib stencil
set computed via the method proposed.

2.

Method

The general topic of paneling of surfaces into developable strips is very familiar in
the computer-aided geometrical design (CAGD) literature (Weiss 1988; Hoschek 1998;
Anastas et al. 2016), with many and diverse applications including e.g. architecture
(Pottman et al. 2007; Postle 2012) and shoe design (Tang and Wang 2005). Another
relevant strand in the CAGD literature looks at accommodating the shapes of classical instruments using various modeling curves, from cubic splines (Stroeker 2015)
to more exotic cycloids or catenaries (Mann 2003). Here, because of the compass and
straight edge mode of construction in Fig.1, we are concerned specifically with the
older ancestral ‘arc spline’ type (Maier 2014).
2.1.

Sinusoidal approximation

Let ρ(z) denote the belly profile about its mid-axis z, composed of arc segments having
the form ρ(z) = (r2 − (z − zc )2 )1/2 + ∆, where r is a curvature radius and zc , ∆ locate
the center of curvature.

Figure 2. Algorithmically computed stencil map for the flattened-back 11-rib Tieffenbrucker bowl. Depth
143mm, breadth 353mm Cepelak (1999) (δ = 0.22). The stem is the belly fiducial radius marked in Fig.1.
Table 1. Sinusoidal approximation parameters
segment

u0 /πR

r/R

φ/π

∆/R

0
1/4

0
-1

−0.957

0

Medieval Arabic
A
B

0
1/2

1
2

Zwolle modification
C

1

2 − 21/2

Recasting ρ(z) with respect to its path length u, one obtains the general form
ρ(u) = r sin(u/r + φ) + ∆

(1)

Hence the stencil outline for identical-rib bowls is given by
width (u) ≈ πρ(u)/n,

(2)

where n is the rib count. The key assumption here is that the path length along a rib’s
mid-axis may be approximated by the path length along its edge. This approximation
improves with increasing n.
Table 1 lists the coefficients of Eqn (1) for the two identical-rib designs of Fig.1.
The tabulated u0 values demarcate the crossover between segments of a profile occurs,
i.e. the points of compound curvature.
2.2.

Multi-rib algorithm

In so-called uv-mapping algorithms of the type available in standard CAGD packages,
the 3d surface is discretized into triangular faces and these are then laid out in 2d
according to some choice of edge-matching strategy. For non-developable surfaces (non-

zero Gaussian curvature) edge matching can only ever be partially realized (Sheffer
and de Sturler 2001). The mesh triangles of a developable surface on the other hand,
by definition, may be arranged in a fully edge matched configuration (Postle 2012).
Computation of lute rib stencils falls into this latter straightforward category.
The 3d bowl model to be mesh-discretized is fully specified by its seams, i.e., the
loci along which adjacent ribs abut. Referring to the axial elevations of Fig.1 we assign
each seam an index k, ranging from k = 0 at the mid-rib edges to k = (n − 1)/2 at
the bowl rim. It is assumed that n is odd, as is generally the case for lutes. With this
indexing, the ‘sweep phase’ with respect to the belly normal is seen to be (k +1/2)π/n.
To accommodate flattening we introduce a parameter
δ = cos(π/2n)

breadth/2
−1
depth

(3)

and radially attenuate the seams by individual factors fk ≤ 1
fk =

1 + 2δk/(n − 1)
.
1+δ

(4)

This completes specification of the 3d bowl model. Now let {Li }, {Mi } denote
its discretization into 3d vertices along adjacent seams, i.e. the edges of a rib. Our
objective is to map these seam pair vertices to the 2d pair {Pi }, {Qi } demarcating
the corresponding stencil. This is achieved iteratively along the sequence in i, starting
from i = 0, using the lengths shown in Fig.1 which are conserved under the mapping
a
b
c
d
e

=
=
=
=
=

|Li − Mi |
|Li − Li+1 |
|Li+1 − Mi |
|Li+1 − Mi+1 |
|Mi − Mi+1 |

(5)

The iterative step is
Pi+1 = Pi + (b/a)Mγ (Qi − Pi )
Qi+1 = Pi+1 + (d/c)M (Qi − Pi+1 )

(6)

where M is the anti-clockwise 2d rotation matrix for the angles γ,  of Fig.3 determined
via the cosine rule.
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Sheffer, A, and E de Sturler. 2001. “Parameterization of faceted surfaces for meshing using
angle based flattening.” Engineering with Computers 17: 326.
Stroeker, RJ. 2015. “On the Shape of a Violin.” Mathematics Magazine 88: 247.
Tang, K, and CCL Wang. 2005. “Modeling Developable Folds on a Strip.” Journal of Computing and Information Science in Engineering 5: 35.
Thurston, D. 1958. “Miss Mary Burwell’s Instruction Book for the Lute.” The Galpin Society
Journal 11: 3.
Weiss, P, G an Furtner. 1988. “Computer-aided treatment of developable surfaces.” Computers
& Graphics 12: 39.

FoMRHI Comm. 2114
11.13

Jan Bouterse

Tuning recorders

A- Introduction
One would expect that measuring the pitch or assessing the sound of recorders would be
much easier than that of traversos or oboes, where the result depends so much on the
embouchure or the combination of reed and staple. Because that gives the player of those
instruments the chance (which they need!) to approach the notes with a portion of
flexibility, which the recorder doesn’t have in the same degree. But especially with
historical recorders, measuring the pitch of the notes is not so straightforward as it seems.
See the data in the table below; the frequencies were measured as deviations in cents
compared to a1=415 Hz, using an equal tempered scale (that scale gives us the quickest
insight into the instrument, as we can directly see the character of the intervals).

The table shows three pitch measuring sessions of the same instrument, the alto recorder by
Engelbert Terton, now in the collection of the Rijksmuseum in Amsterdam (see also
FoMRHI Comm. 2032 for a picture of this recorder and some comments about the pitch).
The pitch measurements by Charles Stroom and by me indicate an average pitch of a-415
Hz (with a rather flat third register); I gave for most notes a range in the pitch, an indication
o f what was possible on the instrument. The results of Hans Schimmel’s tests are much
lower than mine, but he found the third register not too flat in relation to the lower tones.
Saskia Coolen played the alto on the audio-CD Recorders recorded (Globe Records GLO
5209, from 2004) in a sonata by Elias Brunnenmüller and found that the harpsichord had to
be tuned at a-417 Hz. Important: the instrument was then well played-in, and Saskia
achieved a fine balance between all registers.

Important things to know when measuring pitches
The results of measurement depend much on how you play the recorder. Bob Marvin wrote
in his article ‘Recorders and English flutes in European collections’ (Galpin Society
Journal, Vol. XXV, 1972) in the Appendix (p. 57): It has been my idea to make the
balance of a recorder group resemble a string or vocal choir, without a preponderance of
the high voices. To this end I tune the upper notes sharp, to be played very softly.
Another well-known factor is the temperature. An increase of 10 gives a rise in pitch of
about 3 Cents. And when instruments in collections are allowed to be played (nowadays a
rare opportunity), then only for a short time and a few notes, there is not long enough to get
the balance of the temperature right: this is especially a problem for long instruments.
The aspect of the temperature is also important when tuning a new recorder. Two things
may compensate each other to a certain degree when you begin the tuning process (starting
at the lower holes): the sharpening effect of warming up of the instrument, and the
flattening effect of enlarging and undercutting the holes higher up.
There are some more factors to be considered in the process of making a new recorder:
- drilling the fingerholes (and closing them with the fingers) makes the pitch
considerably lower (up to 30 cents) than on an instrument without holes;
- undercutting the fingerholes makes the pitch even lower;
- heavy chamfers also flatten the pitch;
- a thicker wall at the window and labium stabilizes the tone (especially the lowest
ones), but flattens the pitch; in my experience the highest notes (f3 on an alto) speak
with more difficulty;
- opening (enlarging) the window and removing wood from the die walls of the window
and labium will raise the pitch;
- the pitch depends on the dimensions of the bore: making the bore profile wider over
the whole length flattens the pitch;
- also important is the condition of the wood surface of the wood: impregnated or
superficially treated with oil;
- with the same bore diameters, recorders in a relatively soft type of wood (for
instance fruit wood) may sound flatter than those made in a very hard wood (African
black wood); this has to do with degree the vibrating air in the bore is absorbed or
reflected by the wall of the bore;
- what I don’t know is the effect of atmospheric pressure, for instance what happens
when you live and play the recorder at a height of 2000 meters.
B- Preparations
Working order
- Before tuning the instrument, the voicing of the recorder head must be in good order.
That might be a bit of a problem as for that voicing you must play the head on a
completed (or almost completed) set, thus with the lower parts already tuned. When
that is not the case, then it will be a matter of alternate actions: at first doing the main
actions for the voicing, then working on the lower joint(s) for the first stage of the
tuning, then back to finishing the voicing, then continuing the tuning (and so on).
- When you make a new recorder from a drawing and you are not sure about the pitch
of the original instrument, do not force the pitch too much in a specific direction (for
instance a-415 Hz), but take the time to discover the possibilities of your copy. The
same applies to the fingerings. On some recorders, you can be freer than on others

to vary somewhat.
- It is easier when you make a new recorder which you can compare with copies you
have made before. For instance, you can measure the pitch of the head and take measurements when that deviates too much. But pay attention; the dimensions of the socket
have a great influence of the pitch when you are playing the head alone!
C- Some principles in tuning
- Tuning means enlarging and/or undercutting the fingerholes which you have drilled
before; all of them initially a bit too small (e.g. for an alto recorder: 0.5 to 1 mm).
- But it can also happen that the bore of the recorder parts must be changed at some
points. Especially when you are making a first copy of a recorder, it can be helpful
initially to leave the bore a bit too narrow in some places, for instance at the lower end
of the foot and the top section - at the tenon - of the middle joint. That implies that it is
not advisable to make (or order) a set of reamers for a recorder when you have not
made a first prototype (using other tools).
- Tuning can’t be separated strictly from voicing: by enlarging/undercutting the holes,
not only will the frequencies of the tones which are tuned at those holes change, but
also the sound (becoming stronger and more open).
- Tuning begins at the lower end of the instrument, gradually working from the lowest
fingerhole to the top. There is no fingerhole for the lowest tone, but the end of the
foot bore acts as such. As we will later see, there are reasons for being reluctant to
change too much in the profile of the foot bore.
- On several holes there is more than one tone to be tuned: tones of the first and
second register, and the main tones and related fork-fingered tones. It is important to
know the relation between these notes for every tuning hole (see also under D-).
- The thickness of the wall of the fingerholes has also an effect on the general pitch (as
the space of the hole is part of the bore profile of the instrument), on the relation
between the tones of the first and second register (a wall that is too thin easily leads to
sharp overblown notes), on the relation between the main tones and the cross-fingered
tones and also on the stability and the sound character of the tones. But on instruments
with strongly undercut fingerholes you can’t remove wood at the outside of the hole, as
the opening becomes too wide.
- Making a hole wider makes the notes tuned at that hole sharper. But the effect is
stronger on recorders and traversos for the tones of the second register.
- It is therefore unpleasant to discover at the start of tuning a hole that the octave
interval is pure, but both tones of that interval are still too low. Enlarging the hole will
make that interval too wide. There are in that case two solutions: plugging the hole and
drill a new one a bit higher (north, closer to the labium) and also smaller, or changing
the bore profile, for instance reaming the bore where a node of the vibration of the
second register note is. You can find that place (or those places) by using a ‘flute fish’
(see FoMRHI Comm. 2040). But do not take action by reaming: you must know the
positions of the nodes and antinodes of other tones as well. See the scheme on the next
page for some examples.
- Changing the bore profile does also has influence on the secondary nodes and
antinodes; those of the harmonics of the tones. A specific tone can be perfectly tuned,
but sound badly. The critical places - also for the attack of some difficult notes - can
also be found with the flute fish or other devices for a temporary narrowing of the bore.
It is a matter of opposite thinking: if things become worse where you narrow the bore,

the likely solution is a reaming operation at that point. You must think carefully how
much and over which distance material from the wall of the bore must be removed. It is
not ideal when the bore profile becomes very irregular, for instance with multiple steps
or even sections where the bore is wider (which can only be made with special tools).
All of these aspects must be taken in account in the operations! That sounds rather
complicated, and it is indeed so. Bob Marvin describes in his GSJ article from 1972
why and how he changed the bore profile of his copy of a renaissance tenor recorder to
get some intervals right.

Diagram 1
Diagram 1 shows the positions of the movement nodes (N) and antinodes (A) of the vibrations of the most important notes of a baroque alto recorder. All positions are approximate
and may vary from instrument to instrument. See Ch. 3a (Comm. 2040) for the acoustical
backgrounds of sound waves in wind instruments.
Counting the number of nodes gives a clue to which register a tone belongs. From f1 to g2
is only one node for each of these tones, they are in the first register. From a2 up to d2 is the
second register; e3 and f3 are in the third register. For the g3 four nodes are counted, that is
a fourth register tone.
I have found the positions of the nodes and antinodes by moving a ‘flute fish’ in the bore,
listening what happened to the tone: becoming sharper or flatter, sounding more or less full,
or also speaking worse or better. Reaming the bore at the place of the nodes and antinodes
has the opposite effect from narrowing. But you have to be aware of the length of the nodes
and antinodes. An example: the central position of the node of the tone f1 is at about hole 3,
s o the f1 will be made sharper by removing wood from the inner wall of the bore. But you
must do that for that tone over some distance: the effect stretches from about hole 1 to hole
6, with a maximum between hole 2 and 4. As can be seen in the diagram, the tones d3, e3
and f3 have an antinode at about hole 3. These tones may become sharper when you are
reaming out the bore over there to flatten the f1. It is also important to know that all notes
have an antinode at the window, but these stretch out there over some distance. The same
applies to the antinodes at the tuning holes of the tones. That gives us the chance to play
cross-fingered notes as the antinode stretches over lower tone holes.

About 60 years ago, Friedrich von Huene made a prototype of an alto recorder for the
Moeck factory in Germany. He based that on an historical instrument by Jean Hyacinth
Rottenburg (Brussels, Belgium). For his research he examined the effect of narrowing the
bore, which was published (in German) in Tibia (1982, No. 3) and in Günther Dullat,
Holzblasinstrumentenbau (Edition Moeck). Von Huene divided the recorder in 12 sections,
see diagram 2 below:

Diagram 2
He discovered that narrowing the bore in these sections had the following results:
Ig1 and e2 become worse; e3 and f3 (speak) better
II- g1 weaker
III- g1 becomes unstable; d2 to g2 becoming sharper
IV- a1 weaker, f2, f2 and g2 becoming sharper; octave intervals c2-c3 and d2-d3
becoming smaller
V- a1 weaker; g1 stronger; octave intervals c2-c3 and d2-d3 becoming smaller
VI- g1 much stronger; a1 weaker; octave intervals c2-c3 and d2-d3 wider
VII- g1 and a1 stronger; e3 and f3 lower
VIII- g1 i
IX- unstable or much stronger with burbles; a1 and b-flat1 weaker
IX- g1 worse; a1 better
X- f1 and g1 worse; a1 better
XI- g1 better and sharper; a1 better
XII- f1 and g1 flatter; a1 better
It is clear for me that Von Huene was especially trying to solve some problems with the g1
and a1. His observations make clear that tuning and voicing (making the sound better) can’t
be strictly separated.
D- Relations between the tones; functions of the toneholes
Before beginning with operations on the toneholes, you have to know about the relations
between the tones; this because several of them will be tuned together.
Unlike on a traverso, you can’t overblow the tones into their octaves on a baroque recorder
on all holes. But some of the ‘false’ harmonics can be used for other tones: the low f (with
all holes closed) can be overblown to g2 by fully opening hole 0. The g1 (0 1 2 3 4 5 6) can
be overblown to g#2 by opening holes 0 and 1.
Several tones are played with forked or cross fingerings, which means that below an open
tuning hole one or more holes are covered to lower the pitch of the main tone, for instance
from e (0 1) to e-flat (or d-sharp, with 0 1 . 3 4).
For some tones, a hole must be opened (or half opened), not to raise the pitch of a note, but
for help in overblowing one or more tones. Hole 0 has a double function: as a tuning hole
for some tones (f#2 and g2) and overblowing hole for several others. Hole 3 is an
overblowing hole for e3; hole 2 and 5 have to be opened for the g3.
For some types of renaissance recorders and some of the newest generation of modern
recorders (often with keys on the lowest holes) there are other possibilities.

The tuning holes, in the order in which they are approached are as follows:
- The end of bore (of the foot) can be seen as a tuning hole for f1, the lowest tone of the
recorder.
- Hole 7 (or 7a/7b on recorders with double holes) is the main tuning hole for the g1 (or
f#1 and g1), but has effects also some other tones, especially the a1 and its related
tones.
- Hole 6 (or 6a/6b on recorders with double holes) is the main tuning hole for a1 (or g#1
and a1) and its related tones (a2, e3 and f3).
- Hole 5 is the tuning hole for b-flat1 and b-flat2.
- Hole 4 is the tuning hole for four tones: c2 and c3, combined with the fork-fingered b1
and b2.
- Hole 3 is also needed for four tones: d2 and d3, combined with the fork-fingered c#2
and c#3.
- Hole 2 is the tuning hole for e2 and, as we will see, also for the f3.
- Hole 1 is the tuning hole for f1.
- Hole 0 is the tuning hole for g1 and f#1.
Note: some tones are not mentioned in the list above, such as g#2, g3 and the tones above
the g3. These tones can’t be properly tuned on the fingerholes.
E- Tuning the tones
First a remark: I here give instructions mainly for tuning a ‘modern alto baroque recorder’,
in other words a recorder where there is no difference between enharmonic tones such as
f# and g-flat. But as such differences do occur in historic tuning systems, I will give some
information as to how to get the tuning of such enharmonic tones right.
A point of departure: all toneholes are drilled at about 90% of their expected size, the
voicing of the head has a satisfactory quality, the instrument parts are all reamed.
f1: the fundamental (0 1 2 3 4 5 7)
- f1 flat: the end of the bore is the place where you can make an adjustment: reaming
the bore of the foot (making a counter bore over some distance*). More drastic is
reaming the foot over a greater length, or even shortening the foot. But before doing
that, it is better to leave the f1 for what it is and go on with the g1 and check if that tone
has also the tendency to stay low. The problem may be found at the other side of the
instrument, in the voicing of the head which - for instance - sounds too low on its
own**. You must think about that: changing the dimensions of or around the window
or leaving the situation as it is and continue the tuning of the f1 and other tones, but all
of them at a flatter pitch.
*: many historical instruments have such a counter bore, but I have seen them
much less on modern recorders.
**: I never found this specific pitch measurement in drawings of historical
recorders.
- f1 too sharp: that is a more difficult problem. It sometimes happens when the bore of
the middle joint is too narrow (between hole 1 and 6); it might help to widen the bore
in that section, but that affects many other tones as well and you might end up with a
quite different instrument than you intended. Another solution is making the bore down
in the foot temporarily narrower, for instance with a rolled up piece of paper, and
continuing with the g1, and see how that tone will do. A general remark: pushing up the

pitch of the whole recorder often causes a few problems: the tone holes following tone
holes have to be made bigger, and several important octave intervals are likely to
become too wide.
- f1 too weak: the problem is probably in the voicing of the head. But check also
leakage at the tenons and the surface of the wall of the bore of instrument parts: a bit of
oil sometimes helps instantly.
f#1 and g1: 0 1 2 3 4 5 6 7a
and 0 1 2 3 4 5 6 7ab (7b
being the left and smaller,
and 7a the right and larger of
the two holes)
Discussion: there are players
who say that single holes on
6 and 7 produce better (or
easier) sounding/speaking tones. I can only say
that on many of my altos I have no problems at
all with double holes, all tones sound well. But
recently things did not go so well on a copy of a
voice flute; I still have to discover what caused
the problem. There are not so many historic
recorders with double holes. I had the chance to
see an alto by Steenbergen, a fine instrument in
ivory, where there is only a very small difference
in size between the left and right holes on 6 and
7 (photo right). The bridges between the left and
right holes are both very narrow: by covering
one hole, the other is shadowed a bit. It is likely
that that was the intention of the recorder maker,
otherwise the f1# and g1# were a bit sharp.
When I made a copy after a Bressan alto recorder, I changed the single hole 7 (which had a
diameter of 5.2 mm) into double holes, 7a becoming 3.2 and 7b 4.1 mm.
- Hole 7a and 7b are on most recorders drilled at a downwards angle, thus avoiding the
holes coming in the socket of the foot. But I have seen one or two instruments where that
accidentally happened, without any negative effect on the pitch of sound of the tones.
- It is best to tune 7a and 7b together, beginning with 7b (for f#1) and continuing with
7a when 7b is almost at the desired size and then finishing both holes together.
- Hole 7 (or hole 7a and 7b) is on most recorders not, or only very moderately, undercut.
- Always check the pitch of the g1 in relation with f1 and a1. Keep the g1 a bit flat on
recorders with are tuned in meantone pitch, where the third f-a is much smaller than on
instruments in an equal temperament.
- The size and position of hole 7 have also influence on a1/a2 (which are tuned on hole
6) and e3. Drilling hole 7 lower on the foot makes the e3 (and f3) sharper. But there is
not much space to move hole 7; it must stay in reach of the finger, unless you mount a
key.
- g1 is rarely weak, but is on some instruments a problematic not, because of
unwanted noises (burbles, or whatever). This can be caused by the design (bore

profile) or also by the finishing of elements of the generator (chamfers, labium). The
problem can on such instruments generally not be solved by manipulations on hole 7.
g#1 and a1/a2: 0 1 2 3 4 5 6a (g#1), 0 1 2 3 4 5 6ab (a1), 0h 1 2 3 4 5 6 (a2; 0h means: hole
0 only partly opened). Hole 6b is the left and smaller of the holes, 6a is right and larger.
- g#1 is note on hole 6b; the problem is often not with getting it to the right pitch, but
with the sound. Making the hole a bit wider may help: it is better to have the g#1 a
bit too sharp than sounding very weak.
- The g#1 and a1 are tuned together (in the same way as is described with f#1 and g1),
but also together with a2. Enlarging/undercutting hole 6 (or 6ab) makes a1 and a2
sharper, but does that to a larger extent when doing so in downwards (south) direction.
This means that you have a problem when at the beginning of the tuning process: a1 is
still flat, and a2 already at pitch (or almost there). Undercutting in an upwards (north)
direction helps only a little bit. The problem may be in the bore, for instance when the
section close to hole 1 is too wide. It is very difficult to narrow the bore there; it is
easier to ream out the bore at the lowest node of a2, between hole 4 and 5. That lowers
the a2, without affecting a1.
- Hole 6 (6ab) on most historical recorders only little undercut.
- On many historical (alto) recorders the a1 is low to very low, giving a pure third to f1.
If you don’t want that on your copy, you have to move hole 6ab a bit upwards, and
make then trying to find the right size of the hole(s).
- The tone e3 is as an overtone of the a1, and making a1 sharper does the same with e3.
It is, however, not, or hardly possible to tune e3 on its own. Hole 3 functions as an
overblow hole, its dimensions have no effect for the e3. To get a good impression of the
behavior of e3, you must at first continue with tuning the tones b-flat, c and d in both
registers. Only then you will get an idea of the amount of air (pressure) that is needed
going from the lowest to the highest tones, and also how far hole 0 must be opened to
get the octave intervals perfectly tuned.
I have seen on many recorders (mainly cheaper factorymade instruments) a big difference
in sound quality between the g1 (very full) and a1 (very bleak). This is surely caused by the
bore profile, as you can see in the text to diagram 2. Undercutting of the tone holes may
sometimes diminish some of the problems, but will never solve them completely.
b-flat1 (0 1 2 3 4 . 6 7) and b-flat2 (0h 1 2 3 4 . 6)
These are ‘modern baroque’ fingerings, also called Dolmetsch fingerings. On old baroque
recorders we find often 0 1 2 3 4 . 6 for b-flat1 and 0h 1 2 3 4 . 6h or 0h 1 2 3 4 . . 7 for
b-flat 2. But hole 5 is the tuning hole in both systems. Hole 5 is (or can be) more strongly
undercut than holes 6 and 7. Undercutting or enlarging hole 5 downwards is more effective
for the b-flat2. Undercutting this hole means also widening the bore in this area. That might
help to lower a sharp a2 a bit, but I am not too sure about the amount of that.
- Tuning on hole 5 is seldom a problem. On some modern factory recorders hole 5 is
placed rather low, closer to hole 6 than to hole 4. I do not like that myself (unpleasant
spread of the fingers), and I also do not directly see the need of that.
- On my Bressan copy with double holes on 6 and 7, the b-flat2 plays nicely with the
fingering 0h 1 2 3 4 . 6h. On the original ivory Steenbergen alto with both holes double,
the b-flat2 can be played with 0h 1 2 3 4 . 6. On other instruments, such as the soprano
recorders by Terton and Wijne, I am not sure about which fingerings were intended. As
a player you have to be flexible!

c2 (0 1 2 3), b1 (0 1 2 3 . 5 6), c3 (0h 1 2 3) and b2 (0h 1 2 3 . 5)
All these notes are tuned on hole 4. Hotteterre gives in his Principes de la Flûte for c2 a
fingering where hole 6 is also covered. That has hardly any effect on the pitch, a little bit
more on the sound of the tone.
- Hole 4 on recorders with the Dolmetsch fingerings is always smaller than holes 3 and
5. You have to be very careful with enlarging or undercutting.
- The b2 is more critical than b1, as you can’t put an extra finger down in the fork
(which is possible for b1, and is often necessary when you play on old instruments).
- Making the hole larger has more effect on the c3 and b2; undercutting does a bit more
for the b2 than the c3.
- On old recorders is b2 often a bit sharp, which is caused by the larger size of hole 4.
Shadowing hole 6 (or 6a) is a solution when you want a flatter b2. The b1 has the same
problem; there you can cover hole 7 (or only 7a) to lower that tone.
- When the octave interval c2-c3 is rather narrow and does not improve by enlarging
hole 4, you must look at the bore in the top (hole 0 and upwards) of the middle joint.
Reaming there makes the octave wider. But it is better first to know if you have the
same problem with the d2-d3 octave: if that is also narrow, you can widen the bore
from the top of the middle joint over the whole section of the tenon (be careful: the
wood is thin there!).
- The opposite situation, where the octave is too wide: find the node of the c3 (in the
section at about hole 2) and ream the bore there over a short distance. Or you have to
move hole 4 a but upwards (north).
When you have arrived here at hole 4, you can play several groups of tones, for instance
f1-a1-c2, or e2-c3. It is good to listen carefully, and not only looking at the output on your
tuner!
d2 (0 1 2), c#2 (0 1 2 . 4 5 6h), d3 (0h 1 2) and c#3 (0h 1 2 . 4)
These tones are tuned on hole 3, which can be undercut quite a lot. Covering hole 6 (Hotteterre fingerings) hardly affects the pitch and sound of d2 and c#2.
- It doesn’t make any difference placing hole 3 a bit to the left side (‘east’) for easier
fingering; it is all about the position (i.e. distance) to the block line.
- Everything said concerning notes tuned on hole 4 applies also for hole 5.
- c#3 is sometimes a difficult note. With a flute fish you can find critical places in the
bore where narrowing might give improvement; or the opposite: worsening things for
instance at about hole 1. Reaming there might solve the problem, but I can’t say over
which distance and how much you must do that, and what the effect is on other notes.
- The c#3 is on many historic recorders I have played rather flat, but is - thanks to a
bigger hole 5 - better to our modern ears on instruments with Dolmetsch fingerings .
e2 (0 1) and e-flat2 (0 1 . 3 4), also f3 (0h 1 . . 4 5)
These notes are tuned on hole 2, which can also be undercut quite a lot.
- We have now arrived in the upper regions of the first register (e2 to g2). These tones
are played with only a few fingerholes closed and are because of that are more flexible,
more sensitive to changes in breath pressure than the lower tones on the recorder. That
means that you must play e2 in relation with other tones, to get that pressure right.
- In Hotteterre fingering, all upper tones of the first register are played with hole 6
closed. But that is mainly a ‘cosmetic’ point, to give the player a bit more support to
the instrument.

- For e-flat 2 you can put a finger less or more down in the fork.
- e2 can be tuned a bit flat, giving a pure third coming from the c2.
- The tone f3 must be seen in relation to e3 (0h 1 2 . 4 5). By opening hole 2 the nodes
and antinodes of f3 will move up a little but, enough to produce that semitone higher.
The f3 is a sensitive tone, its speaking depends hugely on the dimensions and finishing
of the generator (for instance the size and angle of the chamfers) and of some places in
the bore. Narrowing the bore in the middle of the head makes the f3 easier, and also
reaming in the sector of the upper tenon of the middle joint (but too much reaming
there gives to wide octave intervals of c and d). The dimensions (length and bore
profile) of the foot are also important, as there are nodes and antinodes of the tones of
the third and higher registers down there. Pulling out the foot a little bit lowers e3
much more than the f1.
f2 (0 . 2)
This tone is tuned on hole 1. Be sure that e2 is tuned well before you begin with f2.
- There is an alternative auxiliary fingering for e2 with 0 . 2 3, also tuned on hole 1.
This fingering doesn’t work on many historic recorders (and was not used in the past)
but is fine for the modern type of instruments.
f#2 (. 1 2) and g2 (. . 2)
These tones are tuned on hole 0, the thumb hole. Both fingerings can be seen as fork
fingerings for all holes open, which gives an unusable tone.
g#2 ( . . 2 3 4 5 6 .)
This is a ‘false’ overtone (octave + minor second) of the g1 (0 1 2 3 4 5 6) and can’t be
tuned on hole 7, the g1 being much more important. The fingering 0h 1 2 3 4 5 6a will
work well on some instruments, or even better (a slightly more modest sound).
e3 (0h 1 2 . 4 5), e-flat3 (0h 1 2 . 4 5 6 7a) and f3 (0h 1 . . 4 5)
The e3 is a third register overtone (octave + fifth) of a1, closing 6 and 7a flattens the
tone to e-flat3. Because of the relation with a1, the tuning hole should be 5. As we first
have to tune a1 and a2 there, we can’t tune e3 separately. But e3 (with e-flat3 and f3)
are more strongly affected by the dimensions and positions of hole 7 and the length and
bore of the foot. Problems with the e3 can best be solved there. The e-flat3 can be
corrected by fingering: closing or opening holes 7a and 7b. See under e2 the remarks
about the f3.
g3 (0h 1 . 3 4 . 6 7a) and f#3
This is also a false overtone, from the f1(two octaves + major second). It can’t be tuned,
but there is the possibility to open or close hole 7 for tone corrections. The f#3 is a
notorious difficult tone on the alto, best played as g3 with shadowing the end of the foot
bore.
Some higher tones are possible on baroque altos, such as g#3 (0h 1 . 3 . . 6 7a, other fingerings are possible), a3 (0h . 2), b3 (0h 1 2 . 4 5) and c4 (0h 1 . . 4). These tones must be
forced by blowing hard and cannot be tuned by manipulating the fingerholes.
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Recorder drawings

Plans
Making a recorder, for instance a copy after an historical instrument, requires that you must
have a plan at your disposal: preferably an accurate drawing with comprehensive measurements, photos and a description. If you can’t make such a plan yourself, you must find
one. That is not so easy, there are only a few books and websites which might be useful for
you. The most comprehensive list with plans is the ‘Technical Drawings Menu’ on the
website of the CimCim, the International Committee of Musical Instrument Collections
and Museums. See http://network.icom.museum/cimcim/httpnetworkicommuseumcimcim/
homepage/ and click on ‘Resources’ and ‘Technical drawings’). But the list is not complete
or up to date and several drawings are (or were) only available on microfiches. I have seen
many of these fiches and I can tell you that the quality (resolution) of the drawings is also
not great and printing from these microfiches (which is possible in some libraries) makes
the outcome even more disappointing. You must see (and buy) the original drawings from
the collections.
Publications with plans
- Fred Morgan: The recorder collection of Frans Brüggen. Zen On, Tokyo 1981.
A portfolio with drawings (in a personal style, full of details, A3 size) of 17 baroque
recorders (sopranino to tenor fourth flute) by makers as Bressan, Hotteterre, Denner,
Haka, Steenbergen, Wijne. In the portfolio is a booklet with some information about the
instruments, but not how Morgan did his measuring and no instructions for what is not
so easy: how to interpret the data on the drawings. The photos in the booklet are not
very useful.
- Darmstädter, Beatrice, and Adrian Brown: Die Renaissanceblockflöten der Sammlung
alter Musikinstrumente des Kunsthistorischen Museums [The Renaissance Recorders
of the Kunsthistorisches Museum Vienna]. Vol. Bd. 3. Sammlungskataloge des Kunsthistorischen Museums. Milan: Kunsthistorisches Museum Wien/Edition Skira (2006).
This book is a must for makers of renaissance type recorders, with comprehensive
information of about forty instruments, with many details, graphs of the bore profiles
and good photos of the instruments. There are, however, only restricted data of the
windways and blocks. This because the blocks were not taken out for measurements,
and there are no X-rays or CT-scans to substitute for these either.
- Rob van Acht, Vincent van den Ende & Hans Schimmel: Niederländische Blockflöten des
18.Jahrhunderts - Dutch recorders of the 18th century. Moeck Verlag, Celle 1991.
This book (A3 size) gives full measurements, photos and descriptions of 15 baroque
recorders by Dutch makers. It takes some time to understand all the information,
such as dimensions and positions of the fingerholes, or the shape of the windways.
- Inês de Avena Braga: “Dolce Napoli?: Approaches for Performance – Recorders for the
Neapolitan Baroque Repertoire, 1695-1759.” Ph.D dissertation, Leiden: Leiden University. Academy of Creative and Performing Arts, 2015 (this dissertation can be downloaded from the internet). With drawings (by several authors) of baroque recorders by
Italian makers as Anciuti, Palanca and Panormo. The drawings are not at 100% scale,
and the number of measurements and the quality of the prints vary rather much. The
information is especially useful for people who want to compare Italian recorders with

those of other European makers; some drawings are good enough to make a copy of
and instrument.
- Thomas Lerch: Vergleichende Untersuchung von Bohrungsprofilen historischen Blockflöten des Barock. Berlin 1996. The aim of this study was to predict the sound character
of baroque recorders by comparing their bore profiles. For that purpose Thomas Lerch
listed detailed measurements of bore profiles, but also other data (positions and sizes of
fingerholes, windways and labiums) of 61 baroque and early baroque recorders (by
Bressan, Haka, Van Aardenberg, Hotteterre, Jakob and Johann Christoph Denner,
Gahn, Heytz, Oberlender, Schell and Schuchart). But there are no drawings and pictures
of (parts of) the instruments in this book.
- Jan Bouterse: Dutch woodwind instruments and their makers, 1660-1760; KVNM,
Utrecht, 2005. This is the English translation of my dissertation, with information of
over 80 Dutch recorders. Concise measuring data are in Appendix C (descriptions in
Dutch, with English summaries), with a lot of photos of the instruments. The data are
not intended as a starting point for making copies of the recorders, but can be useful in
comparing designs such as bore profiles and tone-hole positions.
- Canadian woodwind maker and researcher Jean-François Beaudin has made many nice
plans of historical woodwind instruments. Several of them can be obtained by the
collections (such as the museums in Paris and Berlin), but you can also order plans via
his website (www.flutebeaudin.com/Home.html).
Interpreting the drawings and measurements, and important advice
No instrument plan is ever comprenhensive or complete, there is always something that you
need (or think you need) missing.
Interpreting the plans can be a challenge, especially when they are made in a very personal
or artistic style (Morgan). Many details you can only understand by measuring (and copying) a recorder yourself. My advice: do what I did in my earlier years: investigating modern
factory made instruments and also copies of old recorders. And make nice drawings of all
the details, graphs of the bore profiles, etcetera.
There is another aspect of interpreting of measurements of historic recorders: how to deal
with changes which have occurred to the instruments: crooked, warped and shrunken joints,
cracks, and damage. On many plans there is not enough information for making a
reconstruction of the instruments as it was when it was new. It is surely helpful to have
plans by several people made of the same instrument, and also having plans of more
comparable instruments by the same woodwind maker. At the other end of the scale, one
good drawing of an excellent recorder (or other woodwind instrument) is sufficient for
making a good copy. At the end it is not the plan, it is all about your skills (and quality of
materials and tools).
Important advice: always make you own plan from the data on the drawings and tables
made by other people. That helps very much in understanding all the information. And it
may happen that you will discover some mistakes in the original drawings, such as
misreadings on a caliper (for instance 22.7 mm instead of 27.7 mm).
Preferences and complications
For this series of articles (or chapters) about making woodwinds, I had to make choices
about the instruments whose plans I present. My idea was (and is) first to present some
interesting recorders I have examined and measured myself. Some of these recorders are
from private owners or from collections where access to the instruments is not easy.

Because of the copyrights, I can’t present here full drawings which are sold by museums or
private persons (like Jean-François Beaudin). But sometimes I have made adaptations to the
recorders based on such plans, for instance to alter the pitch or the fingerings, for example:
the alto recorder by Steenbergen from the Frans Brüggen collection of which I made a copy
with a shorter middle joint. Or the soprano recorder by Terton, a formidable instrument, on
which I had to make some changes because of irregularities in the bore profile (shrinking of
the wood) or fingerholes which were enlarged in recent times. In these examples I do not
give a full plan, but a summary of measurements of the original recorder, with addition of
the alterations I have made.
Thinking about my other recorders, I have to confess that they are seldom exact copies. For
several reasons smaller or bigger alterations were made. Some of these were deliberately
intended, but other changes can be seen as rescue operations, after having problems with the
wood (or with my tools).
Conclusion: making woodwind instruments requires an attitude in which you have to work
with great accuracy as well as with a sound amount of flexibility. Never forget that in the
end it is all about playing music with satisfaction.

Labium, window and ‘north face’ with their
dimensions (L = Length, W = Width).
Other symbols used in the drawings and tables:
Ø = diameter, H = height, hor = horizontal
ver = vertical, Ø-ext = diameter exterior

Alto recorder by Terton,
Boers Collection,
Rijksmuseum Amsterdam

Ivory sopranino recorder in one joint. The stamps: R.HAKA in a
scroll, without a fleur de lis below. The foot section is flaring,
and turned with several rings and grooves. There is only one
lowest (7th) fingerhole, at the right side. The beak is old-fashioned short. The instrument is rather well preserved, but the surface of the block
has become very rough, with the result that the recorder is hardly playable. Several museum numbers and
stickers disfigure the surface of the instrument. I have made a copy in wood of this recorder, and it plays well
with baroque fingerings up into the third register, at a pitch close to a-440 Hz.

Richard Haka, sopranino recorder in f2.
Collection: Potsdam Museum (Abteilung Geschichte), Potsdam
- Germany, Inventory number: 81/634V.
History: this instrument came from a private collection and
before 1928 was on loan in the Germanisches National Museum
in Nürnberg/ Neuremberg, Germany.
See M. Kirnbauer: Verzeichnis der Europäischen Musikinstrumente im Germanischen Nationalmuseum Nürnberg, Band 2:
Flöten und Rohrblattinstrumente bis 1750 (Wilhelmshafen
1994), p. 19.

Window: L 2.8 to 3.0, W 8.8 to 9.0, UW 9.3;
Labium: TL 14.3, SdL 11.7. LW 10.5
Fingerholes (L from block line to centre hole, Ø WxL of hole)
hole 0- 68.2 4.3 x 4.5 holes 1 to 6 strongly undercut
hole 1- 78.5 4.7 x 5.0 holes 0 and 7 slightly undercut
hole 2- 94.2 4.9 x 5.3
hole 3- 111.0 4.9 x 5.3
hole 4- 127.7 5.1 x 5.3
hole 5- 144.2 5.2 x 5.5
hole 6- 161.2 5.2 x 5.4
hole 7- 178
4.4 x 4.4

in windway area (Øver, L):
12.8 - 12 ver; 12.6- 27 ver; 12.2- 36 ver; 11.1/11.2- under labium
edge

bore (Ø- Lhor/ver or max, from upper end):
12.0- 9 hor; 11.8- 20 hor; 11.6- 26 hor; 11.4- 42 hor;
11.2- 89 hor/ 40 ver; 11.0- 134 hor/ 95 ver; 10.8- 142max;
10.6- 152 max; 10.4- 161 max; 10.2- 187; 10.0- 208; 9.8- 217;
9.7- 225; 9.6 through; 9.9/10.0 - end of bore

Boxwood soprano recorder in c2, in two parts. There is a drawing with all measurements by Fred Morgan (Zen On publishers, 1981), but I
have also some measurements by Friedrich von Huene (who restored this instrument).
The recorder plays at about a-410 Hz (measurement Von Huene, but in my opinion quite a bit lower: 40 to 50 cents below a-415 Hz); I made a
copy in three parts (middle joint and foot separate) with extra lower parts for playing in a-415 Hz.

R. Wijne: soprano recorder
Collection Frans Brüggen, Amsterdam

From the drawing by Fred Morgan

Bore of lower part (L, Ø, after Von Huene)
0-13.2; 4-13.0; 6-12.8; 10-12.6; 15-12.4; 20-12.3; 25-12.2; 32-12.1; 46-11.8; 80-11.6; 88-11.5; 93-11.4; 98-11.3; 105-11.1; 110-10.9;
116-10.8; 119-10.6; 123-10.4; 136-10.2; 143-10.0; 146-9.9; 153-9.7; 159-9.5; 160-9.4; 167-9.2; 173-9.0; 177-8.9; 185-8.6; 188-8.4;
193-8.1; 196-8.0; 199-7.8; 202-7.6; 205-7.5; 226-7.3. Some additional measurements after Morgan (Ø, L): 13.3/13.4- 0; 13.2- 2; 13.0- 6;
12.6-18; 12.2-31; 12.1- 40; 12.0-73; 11.9- 80; 11.6- 90; 11.2- 107; 10.8-119; 10.0-149; 9.0-179; 8.6-191; 8.2-196; 7.8-200; 7.6- 206; 7.4-208;
7.3- 212/216; 7.25 through; 7.4- 3 from lower end; 7.8- end.

fingerholes (L from upper shoulder to centre of hole; ØWxL; Øext at hole, - after Morgan):
hole 0- 11.0; 5.1 x 4.9; ca 20.8
hole 1- 24.4; 4.7 x 4.6;
20.3
hole 2- 45.4; 5.4 x 5.3;
19.6
hole 3- 67.7; 5.2 x 5.0;
19.2
hole 4- 91.3; 4.0 x 4.0*; 18.6 * this hole is possibly enlarged, and later filled in with wax
hole 5- 112.1; 5.1 x 5.1;
18.5
hole 6- 132.2; 4.2 x 4.4;
18.2
hole 7- 150.2; 4.2 x 4.0; c. 21.8
no measurements (or other information) of undercutting of the holes

Lower part: L 222.5, SL 204.7 (tenon L 20.8)

Head: Lmax 134.5, SL 94.0; socket: L 21.0, Ømax 18.8;
window (WxL): 8.9 x 3.4 (Morgan) and 8.8x3.3 (Von
Huene),
UW 10.6; labium: TL 18.2, SdL: 14.5/15.0; LW 12.1;
windway: L 40.5, W 10.8 to 8.6
bore (Ø, Lmax/min from upper end): 16- 13.6; 4113.6/13.2; 60- 13.6/13.3; 80- 13.4/13.2; 100- 13.3/13.1;
112- 13.2/13.0 (maximum diameters from Morgan
measurements, minimum from Von Huene)
Ø-ver at windway end: 14.75; under labium edge: 13.9;
step: 0.85 (Morgan)

R. Wijne -soprano recorder

About the copy in a-415 Hz
Middle part: L 159, SL 130.5; tenons: L 19.5 to head, L 9.0 to foot.
Fingerholes (L from upper shoulder to centre of hole; ØWxL of hole, Ø-ext at hole):
hole 0: 6.5 - 4.5/4.7 - 20.0;
hole 1: 14.5 - 4.1/4.4 - 19.7; hole 2: 35.5 - 4.4/5.0 - 19.0;
hole 3: 58.5 - 4.5/4.9 - 18.4; hole 4: 81 - 3.7/3.7 - 17.9;
hole 5: 103 - 4.3/4.7 - 17.5; hole 6 - 123 - 3.8/3.9 - 17.3
Note: I tuned this copy with modern baroque fingerings, thus hole 5 is then clearly larger than hole 4.
Bore (Ø-L): 13.2 - 0; 13.0 - 2; 12.8 - 6; 12.6 - 9; 12.4 - 27; 12.2 - 36; 12.0 - 52; 11.8 - 64; 11.6 - 68; 11.4 - 95/105; 11.2 - 114; 11.0 - 123; 10.8
- 138; 10.6 - 144; 10.4 - 146; 10.2 - 149; 10.0 - 151; 9.8 - 155; 9.6 - 158; 9.4 - end.
Foot: L 67.7; sockete L 9.3, Ø 14.0; hole 7 at L 14.5, Ø 4.0, drilled a little downwards, Ø-ext at hole 7: 21.2
Bore of foot (Ø - L, from upper end): 9.3 - 11; 9.0 - 15; 8.8 - 16; 8.6 - 18; 8.4 - 19; 8.2 - 24; 8.0 - 26; 7.8 - 30; 7.7 - 35 and through.
From lower end: 9.6 - 0; 9.0 - 12; 8.5 - 14; 8.0 - 18; 7.8 - 23; 7.7 - through

Comparison of the diameters of
the turned profiles, by Fred
Morgan and Peter van der Poel.
Morgan measured maximum
diameters, Van der Poel (also)
the minimum outcomes.

Wijne soprano recorder

Alto recorder in boxwood, in three parts. The window is with 13.0 x 4.7/4.8 very large for a baroque alto recorder, the labium with a TL of
29.5 very long. I made a copy with a window and windway with smaller dimensions (12.4 x 4.5) and used the smaller set of the head bore
diameters. This copy played - just as the original recorder - very well at a-415 Hz.

Stanesby Junior: alto recorder in f1
Collection: Private (USA?)
History: this instrument came from a private collection and was sold in 1996 at an auction in London.

pitch measurements (tuner set at
a=415 Hz and equal temperament, deviations in cents):
f1: 0
f2: 0
g1: -10 g2: -5
a1: -5
a2: 0
b-flat 1: 0 (+ hole 7)
b-flat 2: -10 (with 4. 6)
b1: 0 (with 5 6 7)
b2: + 20
c2: 0 c3: 0
d2: -5 d3: 0
e2: 0 e3: -10
f#2: -20 g#2: -10

Stanesby Junior alto recorder, bore measurements
head: (L, Ø-hor): 20 - 20.4; 40 - 19.9; 60 - 19.8; 65 - 19.7; 100 - 19.5; 140 - 19.4;
(L, Ø-ver): 20 - 20.6; 40 - 20.65; 60 - 20.7; 65 - 19.3; 100 - 19.2; 140 - 19.2 (ovally warped)
middle joint: (Ømin/max, L): 18.8/19.5 - 0; 18.5 - 53/hole 0; 18.2 - 66/hole 0; 18.0 - 75/ hole 0; 17.8 - 67/80; 17.6 - 81/111; 17.4 - 110/125;
17.2 - 150/156; 16.8 - 169/ hole 4; 16.6 - 174/ hole ; 16.4 - 173/176; 16.2 - 177/179; 16.0 - 184/189; 15.8 - 199/ hole 5; 15.6 - 202/208;
15.4 - 212/214; 15.2 - 215/217; 15.0 - 221/hole 6; 14.8 - 226/ hole 6; 14.6 - 237/241; 14.5 - 242/ through
foot: (Ømin/max - L): 14.3 - 16; 14.2 - 20/25; 14.0 - 25/gat 7; 13.8 - 30; 13.6 - 34; 13.4 - 38; 13.2 - 42; 13.0 - 45; 12.8 - 50; 12.6 - 53;
12.4 - 57; 12.2 - 62; 12.0 - 72; 11.8 - just through - end.

Because of warpage of the wood, it was not
possible to measure or calculate exactly the
size of the step.
The tone holes are undercut, but I have not
measured their shapes and dimensions.

This ivory alto recorder came from a private collection in The Netherlands and was sold to the National Music Museum in Vermillion 9SD),
USA. It is the only Dutch baroque recorder with double holes on 6 and 7. The instrument is in fine condition, but the labium is likely warped,
causing a step that is now too big. The pitch: 10 to 30 cents below a-415 Hz.

Steenbergen, alto recorder

---- 16.7/16.8

Steenbergen
ivory alto recorder

See Comm. 1569 in FoMRHI Q. 91 (April 1998) for a survey of all known alto recorders by Steenbergen and a drawing with
measurements of one of his boxwood altos.

pitch measurements (tuner set at a=415 Hz and equal temperament, deviations in cents):
tone - fingerings - pitch
f1 - 0 1 2 3 4 5 6 7: -10
f#1 - 0 1 2 3 4 5 6 7r: -10
g1 - 0 1 2 3 4 5 6: -10
g#1 - 0 1 2 3 4 5 6r: -30/-25
a1 - 0 1 2 3 4 5: -30/-25
b-flat1 - 0 1 2 3 4 . 6 7: -40
b-flat1 - 0 1 2 3 4 . 6: -25/-20
b1 - 0 1 2 3 . 5 6: -5
b1 - 0 1 2 3 . 5 6 7: -25/-20
c2 - 0 1 2 3: -25
c#2 - 0 1 2 . 4 5 6r: -30
d2 - 0 1 2: -40
e-flat2 - 0 1 . 3 4: -35/-30
e2 - 0 1: -40
f2 - 0 . 2: -30
f#2 - . 1 2: -10
f#2 - 0: -40
g2 - . . 2: -20
g#2- . . 2 3 4 5 6: -20
a2 - 0h 1 2 3 4 5: -25
b-flat2 - 0h 1 2 3 4 . 6: -25
b2 - 0h 1 2 3 . 5: 0
b2 - 0h 1 2 3 . 5 6r: -20
c3 - 0h 1 2 3: -20/-15
c#3 - 0h 1 2 . 4: -30/-25
d3 - 0h 1 2: -20/-15
e3 - 0h 1 2 . 4 5: -25/-20
f3 - 0h 1 . . 4 5: -10
g3 - plays well, but pitch not measured
h: hole partly covered

foot bore (Ø, Lmax, from upper end):
13.3- 19; 12.9- 30; 12.7- 35; 12.5- 37; 12.3- 43; 12.1- 46; 11.9- 52; 11.7- 60; 11.5- 68; 11.3- 79; 11.25- 82; and through
foto bore from lower end: 12.0- 0; 11.5- 9; 11.25- 20 and through

middle joint, bore (Ø, Lmin/max, from upper end):
18.5/18.6- 0; 18.3- 7/ 13; 18.2- 21/ 38; 18.0- 58/ hole 0; 17.8- 60/ 62; 17.6- 76/ 83; 17.4- 99/ hole 2; 17.2- 105/ 112; 17.0- 120/ 121;
16.8- 132/138; 16.6- 140/142; 16.4- 146/ 154; 16.2- 154/ 159; 16.0- 167/171; 15.8- 173/175; 15.6- 183/ 185; 15.4- 189/ 190; 15.2- 193/196;
15.0- 197; 14.8- 203/ 204; 14.6- 209; 14.4- 214; 14.2- 218/219; 14.0- 224; 13.8- 229/ 230; 13.6- 233/235; 13.4- 239/341;
13.3- 241/ > (through); 13.2/13.3- lower end

head, bore (Ø, Lhor/ver, from upper end):
19.9- 26/ nm 19.6- 42/ nm (not measured); 19.4- 58.7 nm 20.5- nm/end of windway; 19.3- 95/ labium edge and 73
19.2- 102/ labium edge and 65; 19.1- 110/110; 19.0- 112/129; 18.9- 140/134; 18.8- 150/150; 18.7- 150/150; 18.6- -> (through)
the labium edge is apparently somewhat lowered: Øver is under the labium edge 19.1, at L65 19.2 and 19.3 at L73, and then narrowing towards
the socket (19.1 at L110)

Steenbergen ivory alto recorder

Boxwood recorder in
three parts, with a key for
hole 7 on the foot. This
instrument plays almost
exactly at a-415 Hz, with
a beautiful in the lower
register, the higher notes
were a little difficult,
maybe caused by the
block chamfer which was
not in good condition.
The head is rather curved,
but the other parts are
straight and are not or
only little ovally warped.
The (roof of the) windway is slightly sloping
downwards.
The fingerholes on the
middle joint are situated
on the tangential side of
the wood.

Private collection, Germany (?)
This recorder was on sale at Sotheby’s in 1996, but was apparently not sold.

Jakob Denner, tenor recorder

fingerholes 1 and
4 are drilled
slightly upwards,
hole 3 a bit
downwards.

FoMRHI Comm. 2116

Jeremy Montagu, Peter Madge, Jurn Buisman¸Basil Foraud, Thomas Munck

What are Fomrhi members doing at the moment?
To promote the sharing of information, and as a general conversation starter, members were asked what they
have been doing recently. At length it has seemed best to publish this as a multi-author Comm. Don’t hesitate
to write in if you are inspired by anything you read here!
Jeremy Montague
The Secretary has asked us to say what we’re doing. I’ve been, and am, writing articles for other people,
such as the just-published Cambridge Encyclopedia of Brass Instruments, and a Festschrift and some
other things.
I’ve also been writing a lot of short posts for my own website, www.jeremymontagu.co.uk, about all
sorts of instruments, some ethno, some historic, and many just general. Some of them are old FoMRHI
Comms that I thought might interest other people, and one or two have been revised as more
information comes to light, such as the one on The Oldest Organ in Christendom about the 12thcentury or so organ pipes from the Latin Kingdom period that were found at Bethlehem.
I also put my most recent book, The Conch Horn, on the website because publishers said it was too
specialised. That’s available as a plain pdf download or in Kindle and Mobi formats, as are my
autobiography, my only effort at fiction (Wendy, a silly set of stories about a dragon with a lot of
musical references), and also a set of lectures about the Industrial Revolution and Music.
There’s still a backlog of posts that my son hasn’t yet had time to put up on the website, and I’m
gradually writing more.
Some my son has listed as Books, some as Online Guides, and others are listed just as Downloads.
They’re all of them free downloads, just put there in the hope that some people might find them
interesting or useful. Have a look: www.jeremymontagu.co.uk.
Peter Madge
Q. What is the most challenging technical practical problem you have been trying to solve in your
workshop? Did you succeed?
Making it easier to pitch octaves on the recorder. Yes-success.
Q. Have you discovered any useful techniques
novel or unconventional yet achieve the desired outcome?

that

you

believe

might

be

Yes. See my paper "Modification Of or For Recorder Blocks" published by FoMRHI June 2006
Q. What are your opinions about what makes a good sounding instrument? How do you seek to
achieve this in your work?
Dense timbers produce the most acceptable sounds.

Jurn Buisman, Museum Geelvinck / Geelvinck Music Museums
Q. What project(s) have you been working on over the last year?
We have had a new venue for the last 18 months: Geelvinck Music Museum Zutphen for historic
pianos of the 18th and 19th centuries. In addition, we work on a project for cooperation between music
and musical instrument museums in the Netherlands. Part of our museum is a workshop for restoration
of historic pianos. We also stimulate emerging professional craftsmen (and women); piano technicians.
Q. Which historical instruments have you been inspired by over the last year?
Historic pianos and related instruments such as reed organs, player pianos, glass harmonica and
clavichords.
Q. Which historical instruments or makers do you think offers a challenge to accepted ideas or notions
that deserves wider exposure?
Dutch historic pianos and glass harmonica / chord
Q. If you could ask a single question to a past historical maker about their practice, what would it be
and who would you ask it to?
Do you coach emerging professionals for a next generation of craftsmen?!
Q. Have you discovered any new sources of knowledge applicable to your area of interest?
We have our own library of historic pianos and we use a lot internet.
Q. Which aspect of the instruments you are interested in arouses the most passionate debate and
controversy when discussed?
Authenticity and performing on historic instrument or just preserving instruments
… and questions in particular for instrument makers?
Q. What is the most challenging technical practical problem you have been trying to solve in your
workshop? Did you succeed?
A square piano which was fully restored but kept having problems with tuning during performances. It
is a riddle why this cannot be solved.

Q. What are your opinions about what makes a good sounding instrument? How do you seek to
achieve this in your work?
Some instruments just have this “je ne sais pas” and others just don’t.

Q. Is there anything you would like to ask other FoMRHI members about?
Visit our museum in Zutphen: www.geelvinck.nl
Basil Foraud
The project that has been absorbing me for some time is building a bandora, based on an NRI drawing
No 1, of the seventies. I have recently finished an orpharion based on the Palmer instrument in
Copenhagen. Lessons learned on this instrument are being applied to the bandora.
The two surviving orpharions and the citterns in the Hill Collection in the Ashmolean Museum have
been my inspiration, together with a pack of photos that Peter Forrester so kindly sent to me when I
was making a cittern many years ago.
The wire-strung instruments that survive and the documentary evidence around them indicates to me
that maybe the wire instruments are underused today.
My question of a past maker such as John Rose would be about how they cut the neck joint on the
bandora. Both of mine will be a butt joint . . . very hard to do as the surfaces are convex/concave.
No new sources of info, but David Millers Comm No 214 on ‘Diderot's False Tables’ was useful in
useful in fixing the end blocks to the sides and assembling the back ribs over the mould.
Temperament is the issue that most struggle with when I explain that my frets don't match the equal
temperament of guitars.
My most difficult challenge was setting up the action of the orpharion. Being so concerned with the
clearance between string and fret, and not making the bridge too high, for right hand comfort, I didn't
make a sharp enough angle over the bridge saddle, so the base end buzzes if I am not careful. I need to
remove wood from the bridge.
As to materials used, having started out using reversible glue for everything, I am now thinking about
using modern glue more, and using reversible glue for soundboards and fretboards only.
Varnishing is an issue for someone working without a professional training. The cittern was varnished
with NRI pine resin varnish, very beautiful due to its high refractive index, but the drying time is for
ever. The neck was waxed with canuba wax, but over time this has got mucky and needs to be cleaned
off. The orpharion was varnished with several coats of half strength oil based polyurethane (satin), then
cut back with T-cut, it looks good and feels nice too. The fingerboard is ripple sycamore, left natural,
treated with two coats of sanding sealer and a few coats of Briwax, it still looks and feels good and is
unmarked after two years of regular use. I play with an Early Music band, so finishes have to be robust,
and able to cope with the odd knock and bump. We have to cope with limited performance space, and
panic as instruments get shoved into cases as the rain arrives.
What makes a good sounding instrument? I don't know is the short answer! I source the best
materials I can, especially pine for the soundboards. Real care is taken over the joints. Lots of tapping to
get a good response as the instrument is made. I have tried to make the backs and tops vibrate in the
mid frequency range of the instrument, but this will change with final shaping and gluing up, plus
varnishing. The physics of how it probably all works guides me more than anything.
Finally, if anyone’s Comms could offer help over bandora construction, rose construction for say a
vihuela, or a proper "gothic" harp, I would be very interested.
As an amateur I feel guilt over being more of a taker than a giver, also I have limited time to make so
things grow slowly. I can't thank enough those who are prepared to share their insights with us all.

Thomas Munck
Q. What project(s) have you been working on over the last year?
The arching of the bellies of bent-stave (English) viols, on the basis of the (very few) surviving Jacobean
viols where we may have some confidence that the original arching is still potentially observable, despite
alterations.
Q. Which historical instruments have you been inspired by over the last year?
I have paid particular attention to the Henry Jaye bass viols (1619) in the RCM, restored by Kessler but
mostly in its original configuration, and admirable for its sound and very easy articulation (even though
it had incorrect stringing when I last played it).
Q. If you could ask a single question to a past historical maker about their practice, what would it be
and who would you ask it to?
Obviously Jaye or Rose: "What precise arching were you aiming for in your viols, and how many of the
staves did you heat-bend in order to achieve that shape?
Q. Which aspect of the instruments you are interested in arouses the most passionate debate and
controversy when discussed?
For me, at least, the crucial question is at what point English makers decided to improve the design of
the (presumably Italian) imported viols they were using (e.g. from the royal collection of instruments).
This could tell us a great deal about the sound we might aim for in playing Tye and Byrd viol music.
… and questions in particular for instrument makers
Q. What is the most challenging technical practical problem you have been trying to solve in your
workshop? Did you succeed?
Bending the two staves on ‘either side of’ the middle stave on an English-type bent stave viol front. I
have made around 5 of these, and they are getting better (all playing)...
Q. Have any of your choices of materials you work with changed over the last year?
Not really, but the growth-ring density on viol bellies, and the corresponding quality of sycamore for
appropriate bridges, still needs further thought.
Q. What are your opinions about what makes a good sounding instrument? How do you seek to
achieve this in your work?
A good viol in my opinion must have a smoothly graded sound quality across the whole range (no big
steps), and give a sound with a full and even overtone structure, with a very ready speech.

