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Lehman's first (1/12 syntonic comma) interpretation of the WTC title page as a tuning 

instruction is, in practice, virtually identical to the Zapf tuning recipe of 2001, when transposed 

one place around the circle of fifths. The opposing decisions made by these two authors in 

interpreting the diagram lead to almost the same result: practically any sonority occurring in 

one of the two temperaments exists in the other, but in a closely related key. The cyclic 

permutation of key character by a perfect fifth is unlikely to be of great musical consequence. I 

also note that 'equal-beating' tuning can give results indistinguishable in practice from regular 

temperament. By permuting the opposing decisions of the Zapf and Lehman interpretations, I 

find another possible type of interpretation, with an interestingly different arrangement of key-

colour. 

 

 The subject of this note is the debatable interpretation of the title page of J.S. Bach's publication Das 

Wohltemprierte Clavier of 1722 (WTC I) as a keyboard tuning instruction. Background to the topic, 

including the original description of each tuning, may be gleaned from the Yahoo! clavichord group 

archives for January 2001 (alas, not publicly accessible) and from www.larips.com. The title page itself in 

its modern somewhat cropped state may also be inspected in the excellent Tovey edition. Other types of 

interpretation, which I will not treat in detail, have been proposed by Sparschuh and Jobin. That of 

Sparschuh is based on an intriguing mathematical division of the Pythagorean comma, yielding a 

temperament in whole numbers of Hertz (Hz) which is musically viable but apparently remote from 

common Baroque tuning methods. The tuning of Jobin includes three wide fifths in sequence and 

therefore has very wide major thirds and violent contrasts of key-colour, which likely render much of the 

WTC unlistenable. Jencka and Francis have also presented schemes very similar to the Zapf and Lehman 

syntonic tunings in practice. 

 

1. The convergent evolution of Zapf and Lehman syntonic 
 

 I first describe a theoretically neat version of the Zapf tuning instructions of 2001, aurally 

indistinguishable from their result. The instructions use beat rates of either 1Hz or 0.5Hz, to be applied to 

fifths with roots within the range from c to h (in Helmholtz pitch notation). The pitch standard is about 

C=250Hz, i.e. what is usually called 'Baroque pitch' (Cammerton). It can be verified that the average 

tempering produced in fifths with 1bps is 3.7c, a very good approximation to either 1/6 syntonic comma 

(SC), 3.6c, or the 55EDO scheme where the tempering is 3.8c. The average in the fifths with 0.5bps is 

1.7c, which follows from the requirement to make the total up to 1 Pythagorean comma (PC), and is also 

very close to 1/12 SC (1.8c). Hence a very good approximation of the result of the Zapf instructions 

follows from dividing the Pythagorean comma into 13 equal parts (of 1.8c) and assigning them as follows: 

 

C -2 -2 -2 A 0 0 0 F# -1 -1 -1 Eb -1 -1 -2 C 

 

which I will call the 'theoretical Zapf temperament'. Offsets relative to equal temperament, based on the 

3.7c/1.7c average values, to be used with a pitch standard about A=415, are as follows: 

 
A   E    B    F#   C#   G#   Eb   Bb   F    C    G    D 

0 +2.0 +3.9 +5.9 +6.1 +6.4 +6.6 +6.8 +7.1 +5.3 +3.5 +1.8 

 

 All but one of the fifths, and all the pitches in this 3.7c/1.7c regular temperament scheme, are within 

0.5c of the values resulting from the original tuning instruction; the exception, C-G, being within 1c. The 

accuracy of this regular approximation with only two sizes of tempered fifth shows that doubts expressed 



about accompanying singers or instrumentalists with a keyboard in the Zapf tuning, owing to the 

supposedly unpredictable variation in the sizes of fifths, are groundless. Performers cannot and do not 

copy a keyboard pitch to within 1c, without even considering the pitch variation induced by only a slight 

vibrato. 

 More generally, equal-beating methods, i.e. those specifying several different fifths to be tuned with 

the same number of beats per second, can be excellent approximations (with maximum error below 0.5c in 

almost all intervals) to useful temperaments such as 55EDO or 1/12 comma. When used as part of an 

irregular circular temperament, equal-beating fifths are likely indistinguishable in performance from 

exactly regular temperament. 

 Although a conventional Sorge matrix is inelegant for temperaments in 1/12 syntonic comma units, one 

may easily gauge the variation in the sizes of thirds by constructing a generalised key-colour matrix which 

simply shows the number of divisions by which each third differs from Pythagorean intonation. A 

Pythagorean third then has value 0, whereas a pure one has value -12 in these units. The sum of each 

column is then 1 Pythagorean comma. Major thirds (labelled by the root) in the the theoretical Zapf tuning 

then go as: 

 
-6 -4 -2 -1   C  G  D  A  

-2 -3 -4 -4   E  B  F# C# 

-5 -6 -7 -8   Ab Eb Bb F 

 

and minor thirds go as 

 
-6 -4 -2    A  E  B 

 0 -1 -2    F# C# G# 

-3 -3 -3    Eb Bb F 

-4 -5 -6    C  G  D. 

 

 To compare with this, I have chosen the only other extant tuning based on the WTC title page in units 

of 1/12 syntonic comma, detailed in Lehman (2004-5) supplementary materials: this was Lehman's first 

idea to interpret the diagram, and was supplanted by the 1/12 Pythagorean comma scheme on historical 

grounds. The scheme is as follows: 

 

C -2 -2 -2 A -2 0 0 F# 0 -1 -1 Eb -1 0 -2 C 

 

 When one shifts the arrangements of tempered fifths in one or both these tunings around the circle of 

fifths, such that the Lehman tuning is transposed one fifth lower than the Zapf, the two become almost 

identical. For illustrative purposes let us consider Zapf "in G" and Lehman at pitch. The schemes are now: 

 

Zapf transposed to G 

C -2 -2 -2 A -2 0 0 F# 0 -1 -1 Eb -1 -1 -1 C 

 

Lehman syntonic 

C -2 -2 -2 A -2 0 0 F# 0 -1 -1 Eb -1  0 -2 C 

 

Hence the two temperaments, considered simply as collections of intervals without reference to their 

absolute pitch, are identical apart from a single note (F in the transpositions above) 1/12 SC higher in the 

Lehman tuning. The third-quality matrices are now: 

 
Zapf (G)       Lehman syntonic 

 

-8 -6 -4 -2    -8 -6 -4 -2 

-1 -2 -3 -4    -1 -2 -3 -3 



-4 -5 -6 -7    -4 -5 -6 -8 

 

-6 -6 -4       -6 -6 -4 

-2  0 -1       -2  0 -1 

-2 -3 -3       -2 -3 -2 

-3 -4 -5       -3 -4 -6 

 

 The difference between these two tunings is just 1.8c in this one note F. The effect of this difference 

may be audible, but cannot be decisive, especially as the thirds affected are all moderately tempered 

(neither pure nor dissonant). If we now return to the original untransposed Zapf recipe, almost any 

melodic or harmonic progression which has a distinctive sound in the Lehman syntonic tuning can be 

played in the Zapf tuning with the same effect, only that the distinctive character of each key is transferred 

one place around the circle of fifths. As far as general musical use is concerned, any merit or defect of one 

tuning is shared by the other. (For those familiar with circular temperaments, the relation of Zapf to 

Lehman syntonic is analogous to the relation of 'Vallotti' to 'Young'.) 

 The transposition or rotation may, though, be significant when considering the relationship of 

particular key-colours (the intonation of chords and scales in given keys) with particular works. Detailed 

investigations on this point (beginning with the Prelude and Fugue in C major...) are beyond our scope 

here. I would naively expect that, because of the smooth and rather gradual change of the quality of thirds 

around the circle of fifths in either tuning, the rotation of key-colour by one fifth would have rather little 

effect. The Zapf tuning gives keys with a few flats a slightly more relaxed intonation than the Lehman 

syntonic, and conversely gives keys with a few sharps (where the most rapid change in third-quality 

occurs) slightly more tension. 

 As a side remark, if the Zapf recipe is taken to start on D instead of C, the little 'c' symbol at the top of 

the word 'Clavier' falls in the correct place to denote the note C. It is conceivable this may mean that the 

tuning is suitable for an organ if it is started on C, but for other keyboard instruments (Clavier) it should 

be applied so that C is two places from the end. If the Clavier is pitched a whole tone below the organ, the 

two instruments then play in precisely the same temperament. However, this is pure speculation, and one 

might draw different conclusions from considering the apparently ornamental appendage to the capital D 

and W instead. 

 

2. Multiple choices in interpreting the WTC diagram 
 

 I now move to the question of why these two tunings derived from opposing assumptions are so similar 

and whether other, substantially different tunings can result from the same diagram. I take two basic 

principles to be immutable, as follows: 

 

 A. There are three tempered fifths of one size and five tempered fifths of another size, and three pure 

fifths separating them; the remainder (denoted by R) is determined how much these two classes of fifth are 

to be tempered. 

 

 B. One class of tempered fifth is twice as far as the other from being pure. 

 

We are then faced with several decisions: in which direction the diagram is to be read; what is the starting 

note; which type of tempered fifth is tempered by 2 units and which by 1 unit; and what is the size of unit. 

The most important of these are the choice of direction and the choice of which fifths are tempered more. 

Having fixed these, the choice of unit is constrained so that the remaining fifth R is not very wide or 

narrow; and the choice of starting note is more or less fixed by the expectation that F or C should have the 

purest major third. 

 Zapf reads the diagram from left to right and assigns two 1/12 SC units of temperament each to the 

three tempered fifths on the left and 1 unit each to the five on the right. The total is -11 units and R is then 

-2, for a total of -13/12 SC. Note that the sequence around the pure fifths is as follows:  



 

. . . -2 -2 -2 0 0 0 -1 -1 -1 . . . 

 

 Lehman reads from right to left and assigns 2 units each to the five fifths on the right and 1 unit each to 

the three on the left. The total is already -13 units and R is then 0 producing an extra pure fifth. The 

sequence around the three pure fifths also reads: 

 

. . . -2 -2 -2 0 0 0 -1 -1 -1 . . . 

 

The only difference comes in joining the two ends of the sequence together. Zapf has the five 1/12-comma 

fifths linked to the three 1/6-comma fifths by an extra 1/6-comma remainder: 

 

. . . -1 -1 -1 -1 R(-2) -2 -2 . . . 

 

 whereas Lehman has the three 1/12-comma fifths linked via a pure fifth to the five 1/6-comma ones: 

 

. . . -1 -1 R(0) -2  -2 -2 -2 . . . 

 

If one retunes a single note (the one to the right of the pure fifth in the Lehman) to be 1/12 SC lower, thus 

substituting two 1/12-comma fifths for one of the 1/6-comma ones, one becomes identical to the other. 

 

3. New directions 
 

 We can now construct new interpretations of the WTC diagram that do not have the same sequence of 

key-colours. There are four combinations possible in deciding which direction to read and which fifths are 

tempered more, of which only two have so far been used. I here present for the first time the results of the 

other two possibilities. 

 First consider reading the diagram from left to right and with the three fifths on the left being tempered 

by 1 unit. The resulting sequence is  

 

-1 -1 -1 0 0 0 -2 -2 -2 -2 -2 (R) 

 

The total is 13 units plus R. To proceed one must choose the units, and here personal taste and judgement 

enter. The simplest possibility is units of 1/12 SC resulting in an extra pure fifth. In order to give C and F 

the best major thirds the sequence must start on B natural, and when rearranged to the same form as the 

other schemes reads 

 

C -2 -2 -2 A -2 0 -1 F# -1 -1 0 Eb 0 0 -2 C 

 

giving the third-quality matrices 

 
-8 -6 -5 -4   -6 -6 -4 

-3 -3 -2 -1   -3 -2 -3 

-2 -4 -6 -8   -2 -1 -0 

              -2 -4 -6 

 

where it is noticeable that the least pure major third occurs on C# and the least pure minor third on F. 

Another, more abstruse possibility is units of 1/15 PC (just under 1.6c) resulting in a remainder R of -2 

units. Then the sequence is best started on E and when rearranged is then 

 

C -2 -2 -2 A -2 -1 -1 F# -1 0 0 Eb 0 -2 -2 C 

 



giving the third-quality matrices 

 
-8 -7 -6 -5   -6 -6 -5  Units 1/15 PC 

-3 -2 -1 -2   -4 -3 -2 

-4 -6 -8 -8   -1  0 -2 

              -4 -6 -6 

 

which have the same overall shape but, when one considers the change in units, slightly less variation in 

key-colour. Here the least pure major third lies on F#, and the least pure minor third on Bb. 

 The final possibility is to read the diagram from right to left and take the five fifths on the right to be 

tempered by 1 unit. The sequence is then 

 

-1 -1 -1 -1 -1 0 0 0 -2 -2 -2 (R) 

 

for a total of 11 units plus R. One could choose units of 1/12 PC making R equal to -1, but that would 

make half the tuning identical to equal temperament (ET) which is all too familiar to modern readers. My 

preferred reading is 1/12 SC where R is -2. The sequence must then start on A and when rearranged into 

standard form reads  

 

C -2 -2 -2 A -1 -1 -1 F# -1 -1 0 Eb 0 0 -2 C 

 

with third-quality matrices 

 
-7 -6 -5 -4   -6 -5 -4 

-4 -3 -2 -1   -3 -3 -3 

-2 -4 -6 -8   -2 -1  0 

              -2 -4 -6. 

 

4. Discussion of the alternative WTC shape and conclusions 
 

 As is clear by inspecting the matrices, the schemes outlined in the previous section all have the same 

general effect in their assignments of key-colour and quality of intonation. The resulting 'shape' is 

markedly different from the class of tunings including Zapf and Lehman syntonic (to which Jencka and 

Francis have also added). The difference is, roughly, that F# and Eb are barely lower, and C# and G# 

noticeably lower. Instead of the impurity of the thirds rising rapidly on the sharp side, it increases rather 

slowly, the 'worst' being reached only in the remote keys of F# or C#: the return to purer intonation occurs 

rapidly on the flat side. This overall trend is similar to some 'temperaments ordinaires', but all major 

thirds are narrower than Pythagorean. 

 The new tunings have, like dozens of other Baroque circular temperaments, the shape described in 

terms of vague condemnation by Lehman (2005) as "workmaster". He makes no distinction between 

having the least pure third on B, F#, C# or Ab: all four possibilities are "like using an inferior set of 

imported tools" (imported from which country?). Here, F#, C# and Ab majors have the widest thirds, but 

only F# and C# are within 1/12 comma of Pythagorean. Ab major benefits from a pure fifth and pure 

major second to make the third palatable, and the other two keys have only a slight downward tempering 

of these important scale degrees.  

 This is in contrast to the Zapf shape where the 'worst' intonation, meaning farthest from any just or 

regular scale, occurs in D major with a rather wide third but a noticeably flat fifth and second (or in A 

major for Lehman). The tension between third and fifth is due to the sudden change from 1/6 comma 

tempering to three or more pure fifths, tuning sharpward. This occurs also in Vallotti/Young (E/B major), 

Barnes (1979) (B major), Werckmeister III (B major) and most violently in Kirnberger III (A major). 

Conversely, Sorge's and Neidhardt's temperaments shade more gradually from tempered to pure fifths, as 

does Sparschuh's tuning, so their wide thirds occur in conjunction with pure or barely tempered fifths. 



  In this new class of temperament, by contrast, the sudden change is from pure fifths to 1/6 comma 

tempering, occurs over the flat keys, and results in one major triad (B flat or E flat) having a pure fifth and 

a relatively pure third. One might criticise this on the grounds that this unusually good intonation "makes 

the ear more critical of the tuning errors of the other triads" (Barnes on F major in Werckmeister III) but 

the effect is not as strong as in Werckmeister. 

 Although it seems counterintuitive in relation to Baroque practice to start a tuning sequence on the 

notes B natural, E or A, we have seen that the choice of starting note is actually the easiest decision to 

make, following almost automatically once the intervals of the temperament are known. Unless and until 

another historical source is found to fix the interpretation of the diagram more precisely, this new class of 

temperaments deserves to be considered on its musical merits, such as they are. The disposition of 

accidentals and progression of key-colour are different from those so far considered by Zapf and Lehman 

(also Jencka and Francis) but closer to 18th-century norms including temperaments ordinaires and the 

works of Neidhardt and Sorge (1744), and is particularly adapted to ensure euphony in sharp keys, without 

neglecting the flat side. The closest modern relative of these tunings is Barnes (1979). To finish I reiterate 

what I believe to be the easiest to tune, and most likely to succeed musically, of these alternative 

interpretations: 

 

C -2 -2 -2 A -2 0 -1 F# -1 -1 0 Eb 0 0 -2 C 

 

tuned by taking 1/6 SC meantone from F through to E, pure fifths from E to B and from F through to Ab, 

and distributing the remaining 1/4 SC evenly among the three remaining fifths.  

 
The author lives in North Devon, an region remarkable for its uniformly high humidity and moderate 

temperatures, which allow him to use leather plectra with impunity on a Hugh Craig spinet. He has, 

among other things, sung 'Spem in Alium' in concert with the Tallis Scholars, conducted two university 

chamber choirs in the Renaissance repertoire, and played continuo on keyboard and bassoon (on 

separate occasions) with the Oxford Early Music Society Baroque Orchestra. He has, though, not read 

every page of Jorgensen, Ulysses, or War and Peace. 
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