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German-Austrian Keyboard Temperaments 
and Tuning Methods, 1770-1840: 

Evidence from Contemporary Sources 

THOMAS MCGEARY 

M ANY MODERN PERFORMERS ON THE FORTEPIANO have benefited from 
lessons learned from the earlier revival of the harpsichord and its 

music ; and cognizant of the great role tuning plays in the timbre and 
harmonic quality of music played upon the harpsichord , they have been 
using unequal temperaments on the fortepiano. 1 Their choice of tem­
peraments, however, seems to be rather subjective and arbitrary, and 
performers in general seem unaware of the historical evidence regard­
ing temperaments and tuning. This article, then, will examine the con­
temporary evidence about how keyboard instruments such as the Vi­
ennese fortepiano were tuned during the period from 1770 to 1840. 

Since most surveys of historical tuning practices are content to docu­
ment the invention of various tuning or temperament schemes without 
stating whether they were originally disseminated in a form suitable for 
practical tuning, or without attempting to determine whether a tuning 
scheme was ever used in practice or how widely it may have been used, 2 

this study focuses on those sources that provide practical tuning 
schemes. In order to achieve as objective an answer as possible to the 
question of how keyboard instruments were actually tuned, it will ex­
amine twenty-two German-language sources-keyboard tutors, perfor­
mance treatises, and keyboard tuning and maintenance manuals-that 
give practical directions for tuning stringed keyboard instruments. 

These sources were aimed at an audience of amateur musicians, stu­
dents, teachers, instrument owners, or tuners , to whom , we can presume, 
the authors attempted to present their own practical advice or the 

I. T his is an understandable and perhaps fashionable tendency, for. as Rudolph Rasch 
observed in "Docs '\.Veil-Tempered' Mean 'Equal-Tempered'?" Bach, Handel, Scarlatti : Ter­
ce11tenary Essays, ed. Peter Williams (Cambridge: Ca mbridge Cniversity Press, 1985), 304. 
equal temperament can clearly be associated with the "nonauchcntic" convemiona l per­
formance practices of the nineteenth and twcmieth cen turies. 

2. Neither of the two most extensive surveys of u111ing make these distinctions: J. 
Murray Barbour, Tw1i11ga11d TemJ;eramenl: A Historiwl Survey, 2d ed. (East Lansing, Mich.: 
Michigan State College Press, 1953), and Owen J orgensen, Tuning the Historical Temjlera­
ments by Ear (ivlarquette, Mich.: Northern Michigan Uni\·ersity Press, 1977). 
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judgment of professional musicians about tuning. While some relevant 
sources may not have been located for this stud y, the ones studied are rep­
resentative and chosen without bias; and additional sources would be un­
likely to alter the broader conclusions of this study. 

Three criteria have been used in selecting the sources presented and 
discussed. 

l. Only sources written in German between ca. l 770 and 1840 have been 
included. (Given the well-known ambiguity of the German term Klavier 
and the fact that the harpsichord , clavichord , and fortepiano coexisted 
for decades, it was not possible to limit the treatises studied to those that 
announce "Pianoforte" or "Fortepiano" on their title pages.) 

2. The sources must give practical "how to" directions for tuning a 
keyboard instrument; that is , the directions must be given in such a 
step-by-step manner that the intent must have been to direct someone in 
tuning a keyboard instrument. Accounts that me rely summarize how 
keyboa1·d instruments in general are tuned or ought to be tuned , or that 
only recommend certain tunings are not emphasized (though these are 
mentioned in passing to give a sense of which tuning schemes received 
contemporary approval). 

3. Treatises whose orientation is theoretical, polemical, and mathemat­
ical-that approach the question of dividing the octave into twelve parts 
as a mathematical problem and leave the solution solely in terms of 
ratios, string lengths, or logarithms-have been excluded. As J. Murray 
Barbour observed, German theorists of the eighteenth century were 
"especially active at [the] intellectual pastime of creating passable tem­
peraments" that were essentially "paper" temperaments that would 
"look well on paper, but would have been difficult to put into practice."3 

Since the directions that will be presented were practical directions for 
tuning by ear, we will occasionally find in them ambiguities, impreci­
sions, or what we now know are minute errors of acoustic fact. But in 
such cases, there are nevertheless enough consistent and tell-tale fea­
tures that interpretations of the directions are not problematic. For ex­
ample, some temperaments claim they are capable of being played 
equally well in all twelve major and minor keys, mention a closed cycle of 
fifths, make no mention of wolf intervals or of intervals tempered more 

3.J. Murray Barbour. "Irregular Systems of Temperarnem." j ournal of the American 
M11sicological Society I ( 1948): 23. 
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than others, or explicitly mention narrow fifths, wide thirds, and enhar­
monic equivalencies-features that suggest that equal temperament was 
at least intended by the author, if not always the practical result. 

Eighteenth-Century Sources Advocating Equal Temperament 

An important and influential source, frequently cited throughout the 
period, that prescribed equal temperament (giving both a theoretical 
description and practical directions for setting it) was the Anweisung, wie 
Man Claviere, C/avecins, und Orgeln, nach einer mechanischen Art, in alien 
zwolf Tanen gleich rein stirnrnen konne by the clavichord builder Barthold 
Fritz (1697-1766). First published in 1756 with a dedication to C. P. E. 
Bach, the Anweisung had later editions in 1757, 1780, 1799, and 1800, as 
well as a Dutch translation ca. 1757. 

For Fritz, the best tuning for a keyboard instrument is one in which 
"one can play equally purely in all twelve major and minor keys, and in 
hearing observe no difference regarding the purity of the keys, whether 
one plays in C or C#, in For ftt, in G or G#,"4 Fritz believes that tuning 
by fifths is the surest, best, and least deceptive method. For his practical 
method he tunes forward by fifths and octaves from/to ell (f) within the 
compass of Al toe'; the fifths and minor sixths must beat low, and the 
fourths and major thirds must beat upward (section I I). 

Fritz distinguishes three types of "purity" in the tuning of intervals, a 
distinction that was adopted by many later writers. In the "first degree of 
purity," the interval beats a little low; in the degree of "complete purity," 
there are no beats; and in "excessive purity," the interval beats a little 
high . Fritz describes how to discover these three degrees of purity using 
a monochord (section 12). These represent, of course, the three types of 
tuned intervals used in equal temperament: tempered fifths use the first 
degree of purity; major thirds, the third degree; and octaves, the second 
degree. 

Fritz' treatise received an early endorsement from the Berlin theorist 
Friedrich Wilhelm Marpurg ( 1718-1795 ). In the third edition of his Die 
Kunst das Clavier zu sj1ielen (1760; first edition 1750), Marpurg offers 
pertinent advice to the keyboard teacher: "In order to accustom the ear 

4 " .. man in alien zwOlf TOnen moll und dur gleich rein spielen k6nnc, und keinen 
Umerschied. so ,·iel die Rcinigkeit de r Tone betrift, im GchOrc vermerket, ob man aus c, 
oder ris. aus /. oder fis, aus g, oder gis spic let" (section 2). 
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of the pupil from the beginning of the instruction to the proper purity 
of the keys," the teacher must see that the instrument "is always properly 
tuned , and not only in the commonly used keys, but also in all the rest." 
In order to accomplish this, Marpurg states, "Moreover, to the part of 
the teacher belongs a knowledge of the equal temperament, for which 
today there are enough theoretical and practical instructions."5 Of the 
theoretical instructions, Marpurg mentions specifically his own Anfangs­
griinde der theoretischen Musik (1757) and for the practical, Barthold Fritz's 
Anweisung. 

The Abbe Georg Joseph Vogler (1749-1814), in his Tonwissenschaft 
und Tonse[t]zkunst, published in 1776, directs tuning a cycle of fifths from 
C to F with numerous checks of the tempered intervals." Fifths are tuned 
"beating somewhat low" and fourths "beating somewhat high." After the 
first three fifths have been tuned, Vogler adds checks using sixths and 
thirds. The sixths must be tuned "downwards not too low," and the 
thirds "not too high." Since Vogler gives no other qualifications or lim­
itations for the temperament, and since the tuning proceeds through the 
cycle of fifths, these are clearly directions for equal temperament. 

This temperament of Vogler's was later endorsed by Johann Samuel 
Petri in 1782 (see below) and by Justin Heinrich Knecht (1752-1817). In 
the article "Temperatur" in his Kleines alphabetisches Worterbuch (1795), 
Knecht plagiarizes the definition of tempering from the article "Tem­
peratur" in Johann Georg Sulzer's Allgemeine Theorie der schonen Kii.nste 
( 1771-1774). But he departs from the article's advocacy of a tempera­
ment by Johann Philipp Kimberger (see below) and recommends in­
stead Vogler's system of equal temperament (though he does not give 
the actual practical tuning directions): 

From our own experience and conviction, we can recommend no better 
method of temperament for tuning the organ and keyboard than that which 
Vogler has presented in his Tonwissenschafl (page 112, sections 35 to 38), even 
though out of ignorance it was disdained by his opponents.' 

5. "Um das Ohr des Umergebenen vom Anfange der Unte rweisung zur gehOrigen 
Reinigkeit der TOne zu gewOhnen, . .. allezeit gehbrig gestimmet sey. und zwar nicht allein 
in den gebrauchlichstern T0nen, sondern auch in alien iibrigen . ... Hiezu geh0ret auf 
Seiten des Lehrmeisters eine KanntniJ3 der gleichschwebenden Temperatur, wozu es heu­
tiges Tages theoretische und practische Anweisungen genug giebt" (part I. p. 3). 

6. The tuning directions are given on pp. I 12-15 and in his table 16, fig. 5. The 
Tonwissenschaft und Tonse/t/1.kw1st is available in facsimile reprint (Hildesheim: Olms, 1970). 

7. '"'A1ir k0nnen aus eigener Erfahrung und Ueberzeugung keine bessere An von Tem­
peratur bei dem Stimmen der Orgeln und Klaviere, als diejenige empfehlen, welche Vog-
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The eighteenth-century keyboard tutor that had the greatest longev­
ity and distribution-in te rms of number of editions and subsequent 
revisions-was the C/a.vier-Schu le of Georg Simon Uihlein ( 1725-1781).8 

I ts first edition in 1765 had no tuning directions, but tuning directions 
were included by the third edition in 1779 (p p. 69- 70) as well as in all 
subsequent editions. Lohlein 's directions were specifically recommended 
by Georg Friedrich Wolf in his Kurzgefasstes musika.lisches Lexilwn (1787)." 

Uihle in gives directions fo r what he calls "today's equa lly-beating tem­
perament" by setting some preliminary benchmark inte rvals. First, one 
sets what must be an equal-tempered triad on c' by tuning the fifth (g') 
so that it "beats somewhat downwards" and e' as a third "somewhat 
sharp" or "somewhat higher" than it actually should be. One also sets gil' 
to the e', thus dividing the octave c' - c" in to three thirds that "beat equally 
widely upwards." 10 One must take special care setting these intervals , 
Lohlein advises, for upon them depends the success of the remainder of 
the temperament. Thereafte r, one tunes forward to f' by fifths with 
various checks against the initially tuned intervals. 

About his equal temperament Uihle in remarks: 

And now one key must be as pure as the other ; thus B major, C major, F 
major, Fi major are completely alike in regards LO tuning. Yet there are 
various temperaments in which some keys are purer, on account of wh ich 
other keys will be all the more defecti ve. Therefore the one given here, in 
which all keys are alike, is unquestionably the best. 11 

In the second edition of his Anleitu.ng zu.r pra.ktischen iVIusik (1782) , 
Johann Samuel Petri (1738-1808) gives two tuning schemes-the equal 

ler in seiner Tonwissenschaft (Se ite 11 2 ,·on Abschniu 35 bis 38) gczeiget hat, wcnn sic 
gleich ,·on seinen \1Vidersachcrn aus Unwissenhe it ,·erachtct wurdc" (p. 85). 

\!ogler's Tonwissenschaft und Tom·eft/z.kunsl had been attacked in the Berlin Littemtur- 1md 
Theatre-Zeitung, 29 August 1778: Vogler reprinted the re\· iews in his own serial publication, 
Betrachtu11ge11 der Mannheimer Tonsclwle, \·ol. I, nos. 9-12 Uanuary•May 1779), and replied 
to them in lhe issue for 15 December 1780 . 

8. Four edit ions appeared during Lohlein's li fetime (1765. 1773. 1779. and 178 1-82, 
the latter lhree enlarged). Thereafte r it was edited and en larged. in 179 1 by Johann Georg 
Witthaue r and in 1804 by August Eberha rd Miiller . 

9. In the second edition of 1792. p. 18 1. 
IO. In fact, however, lhe beat rates o f the successively higher 1hi rds must increase 

slightly. 
11. "Und nun mu'3, ein e Tonart so re ine seyn als die andere; also H dur, C dur, F dur, 

FIi dur einander in Ansehung der Stimmung vollkommen gleich seyn . Man hat noch 
verschiedene Temperaturen, wo zwar etliche Tonarten reiner seyn, hin gegen werden 
dafiir andere desto mangelhafter. Daher isl diese angegebene, wo alle Tonarten e inander 
gleich sind, unst rci tig die beste" (p. 70). 



KEYBOARD TEMPERAMENTS AND T UNI NG METHODS 95 

temperament schemes of Vogler and Fritz. 12 Petri 's discussion of key­
board tuning was also recommended by Wolf in his Kurzgefasstes musi­
kalisches Lexikon. 13 

For both temperaments, Petri notates the cycle of fifths and provides the 
necessary directions about tempering the intervals, and there is nothing 
about these directions that requires comment. But his introductory com­
ments are of interest for suggesting how common and " natural " tempered 
intervals had become by 1782. Petri writes that Fritz states 

that one should tune from the low notes up to the higher ones only in pure, 
but not harsh , fifths , which in the pure tuning should beat rather than be 
perfectly pure. 14 

And when intrnducing Vogler's equal temperament, Petri describes it as 
"a very pure temperament." 

Petri 's seeming contradictions-that a beating (or equal) temperament 
is a " pure" temperament, that tempered fifths are " pure ," that pure fifths 
are "harsh," and that a "pure" temperament should not have " completely 
pure" fifths-can be resolved by noting that Petri uses " pure" in two 
senses: first, in the sense of a beatless, pure interval; and second, in his 
preferred sense as a tempered interval ( or tuning system) that is "in tune" 
or tuned correctly, so that all intervals and chords sound equally clean or 
smooth (in contrast to which Petri can call a beatless, purely tuned fifth 
"harsh"). Fritz, as we have seen, had distinguished three degrees of " pu­
rity" in tuning; and Petri seems to have adopted Fritz's first degree of 
purity as the usual way of tuning fifths. 15 

This special meaning of "pure" (equated with tempered intervals) 
seems then to have been well established in 1782. But it had precedents; 
in his Versuch 'ii.ber die musikalische Ternperatur ( 1776), Marpurg had de­
fined the word fmre "as it ordinarily will be taken, namely for almost pure, 
i.e., that each fifth should be flattened one-twelfth of a Pythagorean 

12. The luning directions are contained on pp. 373-77. A facsimile (with notes) of the 
section on tuning stringed keyboard instruments appears in Vera Schwartz, "Johann Sam­
uel Petris Anwcisungen zum Beziehen, Bekielen und Stimmen bcsaiteter Tasteninstru­
me nt e," Der klangliche Aspekt beim Restaurieren von Saitenklaviere, ed. Vera Schwartz, Beitrage 
zur Auffiihrungspraxis 2 (Graz: Akadcmische Druck- und Verlagsanstalt, 1973): 87-99. 

13. In the second edition of 1792, p. 181. 
14. ·· ... dal3 man von den tie fen TOnen zu den hOhe rn hinauf in lauter reinen, nicht 

aber in scharfe11 Quimen stimmen solle. welche lieber untcr der re inen Stimmung schwe­
ben sollen, als vollkomm en rein werden" (p. 373). 

15. One need read no fanher than Fritz's title to find the same meaning of .. pure" as 
mea ning equal temperament: Anwei.su11g, wie 1\tla11 Claviere, Clavecins, und Orge/11,. . in al/en 
zwblf T0nen glt:ich rein slim men kiinne, dass aus solchen al/en sowohl dur als moll wohlklingend zu 
sj,ie/en sr_,,. 
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comma, which amounts to almost nothing.''lli And he states that it is in 
just this sense that C. P. E. Bach meant it when he wrote, "The clavichord 
and the fortepiano ... both can and must be purely tuned. " 17 

By the early 1780s, then , slightly beating, tempered intervals had 
become so accepted and natural to the ear that they could be called 
"pure." 

Unequal Temperaments 

In contrast to these sources advocating equal temperament, a number 
of other sources in the I 770s proposed temperaments that were de­
scribed by their contemporaries as "unequal," though today we would 
describe them as irregular temperaments. The most prominent is one 
that was advocated by Johann Philipp Kirnberger (1721-1783), a tem­
perament now know as Kirn berger II ; it is still occasionally used. 

Kirnberger devised and set fonh tluee temperaments, all essentially 
departures from Pythagorean tuning. His first temperament was de­
scribed in his Clavieriibung (1766), the second in his Die Kunst drs reinen 
Satzes in da Musil! (1771-79; second edition, 1793). His third tempera­
ment, described only in a letter to Johann Nikolaus Forkel and not 
published until the nineteenth century, need not concern us here. 1" 

The first Kirnberger temperament tunes a series of seven pure fifths 
forward from C# to D; to the previously tuned F, one sets a pure third 
F-A; then the remaining fifths are tuned pure from A to f#. Thus, all 
fifths a1·e pure, except the fifth f#-C#. which is narrow by one-twelfth of 
a comma, and the fifth O-A, which is narrow by eleven-twelfths of a 
coInn1a. 1~1 

16. "_ das \t\lort l'f'ill ... wie cs i11 sgcmei11 gcno111111cn wird. ncmlich fiir beynalll' rl'ill, 

d. i. dal3 jcdc Quin1c um cin Zwdlfthcil Comma pyih .. wclchcs beynahc sm· iel als nicht s ist . 
crnicdrigct werdcn soil" (p. 223). 

17. ··oas Cla,·ichord u11d das Fort cpia110 ... bcydc kiinnen und miiss /'11 rei n ges1i111mt 
scy n." C. P. E. Bach. \ ·,•rsurh iiber dit' wahrt' Art das Kla1.W•r z.11 spidn1 ( 1756-1762). n>I. 2. p. 
327. 

For other ea rlier uses of the word "rein" in reference to J. S. Bach's tunings and an 
argument tha1 Bach's tc mpcramclll must ha,·c been "equal temperament. or something 
not perceptibly diffcrcm," sec Rasch. 302-3. 

18. Kirnbcrger's third tcmpcramclll is printed inj. G. H. Bcllcrman, "Briefe ,·on Kirn­
berger an Forkel 11 I .. Allgf'ml'illf' musilwli.ffht· Lf'ilung (6 September 187 I). cols. 565-72. The 
1cmpcra 111c llt described here is an "imprm·emenr'' over Kir11herger's earlier temperament s 
in that now four fifths arc tempered (i.e., those on C-G, D-A, G-D. and A-E) in addition 
to the ··woW' fifth F#-Q! at the extreme of the cycle of fifths. The temperament is also 
described in Herbert Kellctat, Zur musilwli.ffht·n Tempaatur i11slN'so11dtr bti Joha1111 Sl'baslian 
Bari, (Kassel: J. G. Onckcn, 1960). 47 - 48. 

19. Cfavil'riilmng. \ 'inlf' Sammlu 11g (1766). Kirnbergcr's first tcmperamem is discussed 
and described in Kc lle tat, 47: VVilhel111 Dupont. Gl'schich!e da n11uikafischl'11 Tnuperalur 

(Nhrdlingen: C.H. Beck, 1~1:LJ). 95: Martin Vogel. "Die Kir11bergcr-Stim111ung n,r uncl 
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The Kirnberger unequal temperament that was the most widely known 
and discussed is the one now known as Kirn berger II, set forth in 1771 in 
the first part of his Die Kunst des reinen Satzes in der Musik. 20 After a brief 
review of the history of tuning and temperament, Kirnberger acknowl­
edges that many see equal temperament as advantageous because every 
chromatic degree has usable major and minor thirds and sixths, and fourths 
and fifths tuned so close to pure that the ear does not notice their departure 
from complete purity; one can therefore " play almost completely purely" 
in all major and minor keys (pp. 10-11). 

But Kirnberger raises three criticisms of equal temperament that sug­
gest it should be abandoned: (1) it is impossible to tune it without a 
monochord, for the naked ear can accurately tune only consonant in­
tervals; (2) equal temperament abolishes the variety or diversity of the 
keys (key characteristics), leaving only the quality of major and minor; 
and (3) nothing is really achieved by having twenty-four usable scales; 
instead (he says again), the variety between modes and keys is lost, and 
the composer is left with the choice of only major and minor. Kirnber­
ger's advocacy of his unequal temperament is clearl y a necessary corol­
la1·y of his belief in the existence of (or the need to create) key charac­
teristics, i.e. , the belief that each key has a different and distinct affective 
quality."' 

Kirnberger also sets forth three crite1·ia for a good keyboard temper­
ament: (I) it must be easy to tune ; (2) it must not destroy the variety of 
the keys; and (3) it must produce, as far as possible, all the inte1·vals that 
are created by the pure progressions of melodies. Kirn berger calls the 
unequal temperament he sets forth "the best possible" (p. 13). 

nach KirnbC1grr," Colloquium Amirornm: Josej1h Srhmidt-Co,g :u111 70. Ct,burtslag. ed. Siegfried 
Kross and Hans Schmidt (Bonn: Beetho\·cnhaus, 1967), 442-43: and ~vla rpurg. Nt· 1u· 
iVfrtlwde allerley Arll'n 11011 T('lnjn·mturrn dem l./rwil'rt' ( 1790), 21-22 and 3G-39. 

Kirnbergcr had. i111crcs tingly e nough. earlier proposed equal temperament in his Kon­
stmrtion da gh1irhsrhwt>bnuln1 Ttm/n·ratur ( 1760). 

20. Kirnbcrgcr II is described in Barbour. 157-58: Dupont, 96-98: Kcllc1a1, 47: Vo­
gel. 443-44 (by use of sclecti,·e quotation. Vogel m·crstatcs the use and longc,·ity of 1his 
Kirnbcrger tempcramc11t); Marpurg. \ 'awrh. 182-2 19: and P.larpurg. Nt· 1u· 1\ll'tlwdt·. 39-
40. 

On Kir11bcrgcr's Dit• Kunst dt'S Reinen Sat:.f's, sec Kclletat. 40- 40. and Dupont, 94-98. 
The section 011 tuning and tempe rament is included in the portions of Di" J,:unst dn rt'int' II 

Sat:.cs tra11sl.i1cd by D.i,·id Beach and Jurgen Thym as Tht' Art of Strirt Alusiral Comjmsitirm 
(New Ha,-en: Yale L' ni,·ersity Press. 1982). 11 - 24. 

21. Kirnbcrgcr dc,·clops the notion of the affecti,·e characters of inter\'als and modes 
later in Die Kunst dt·s rt'inrn Sat:.t's ; see ,·ol. 2, pp. 51 and 193. For a thorough discussion of 
Kirnbcrgcr and the concept and history of key characteristics. sec Rita S1cbli11. A History of 
Key Chamrtaistirs i11 thl' Eighteenth and Earl_,· N inl'lt't' 11lh Cl'11l11rit·s (Ann Arbor: CM I Resea rch 
Press, I 983). 
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TABLE I 
Kirnberger's Second Tuning 

r---pure 3rd7 
m -A ~ - B - B~ - F - C - G - D - A - E - B -H 
c_ _____________ ~~L____J 

T his Kirnberger temperamen t is constructed by setting two series of 
pure fifths and two individually-set tempered fifths (tab le I). First, one 
sets a series of pure fifths forward from d~ to d'. Then to the previously 
set c, one tunes e as a pure major third. Then beginning with thee, one 
again tunes a series of pure fifths from e to fl'. The remaining note a is 
tuned so that it makes a narrow fifth d- a and likewise a narrow fifth a- e'. 
Each of these two tempered fifths (d-a and a.- e') will be narrow by 
almost one-half (.45 or 5¼ twelfths) of a com ma; and the third tempered 
fifth , F~-D ~ (formed by -the extreme points of the cycle) , is narrow by 
one-twelfth comma. The remaining fifths , as stated, are pure ; and there 
are three pure thirds: C-E, D-H, and G- B. Equivalents in cents for 
Kirnberger II are given in table 2. 22 

It should be pointed out that this temperament, although called by 
Kirnberger and his contempora ries an "unequal" temperament, is quite 
unlike those "well-tempered" tun ings we now tend to call unequal when 
comparing them to equ al temperament. It is what J. Murray Barbour 
calls an irregu lar temperament: it is essentially a Pythagorean tuning 
with two fifths tem pered a lmost one-half a syntonic comma. Given its 
strong Pythagorean characte r , it is unlikely to be acceptable to modern 
playe rs seeking an unequal but historical temperament. In fact, Barbour 
notes lacon ica lly, even in its own day Kirnberger II "m ust have been 
wholly unsatisfactory fo r the performance of contemporary music.""3 

22. In com 1x1riso 11 wit h an equal-tempered fifth , which is narrower than pure by two 
ccms and beats about once per second, Kirnbcrgcr's tempered fifth d' -a' is narrow by 
ele\'Cll ccrns and beats fi\·e and one-half times per second. 

23. Barbour. "Persistence of the Pythagorea n Tunin g Syste m," Scri/1/a i\tlathnna tica 
( I9'l2): 'lOO. 
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TABLE 2 

Kirnberger's Second Tuning Expressed in Cents 

Note Cents 
C 0 
m 90 
D 204 
B 294 
E 386 
F 498 
F~ 590 
G 702 
A~ 792 
A 895 
B~ 996 
B 1088 
C 1200 

Unlike the other unequal temperaments proposed during the decade, 
Kirnberger 11 acquired many outspoken advocates. The sources most 
responsible over the next fifty years for granting prestige to Kirnber­
ger's ideas on tuning and key characteristics, and for disseminating them 
to a wider, nonspecialist audience were the articles "Stimmen," "Tem­
peratur, " and "Ton" in Johann Georg Sulzer's Allgemeine Theorie der 
schiinen Kiinste (177 I-74; second edition, I 792-1794). These articles, 
though unsigned, are now known to have been written by Johann Abra­
ham Peter Schulz (1747-1800) under the direction of Kirnberger, who 
was his teacher. The anicle "Temperatur" summarizes the features of 
equal temperament and Kirnberger 11 and recommends the latter; the 
article "Ton" states that Kirnberger's temperament provides the neces­
sary differences among the keys, while the article "Stimmen" gives prac­
tical directions for setting it that differ from Kirnberger's directions only 
in the order of the intervals tuned. 

Another of Kirnberger's adherents was Georg Friedrich Tempelhof, 
who in his Gedanken iiber die Temperatur des Herm Kirnbe,ger (1775) 
accepted without reservation the doctrine of key characteristics, Kirn­
berger's objections to equal temperament, and his criteria for a good 
temperament. Tempelhof can thus confidently proclaim that equal tem­
perament is "the worst that can be conceived" (p. I 8). Because it pre­
serves the distinct character of keys and provides a variety of major 
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thirds that come as close as possible to their true purity, Tempelhof 
advocates Kirnberger's temperament. 0·• 

After a thorough presentation of the theory underlying the tun ing (pp. 
11-31) , Tempelhof gives practical tuning directions for Kirnberger II (pp. 
33-34) that differ slightly from Kirnberger's method. Beginning with q, 
he directs that one tune forward a se ries of pure fifths GIi, Dll, B~ , F, C, G , 
and D. Then one tunes pure triads on F and C. From the already-tuned E, 
one tunes the remaining fifths E-B and B-F# pure, finally ret uning the A 
higher so that the fifth s O-A and A-E beat equally narrowly. 

A variant of Kirnberger's second temperament was given by the 
Baron Christian Ludwig Gustav rnn vViese ( 1732- 1800) in his Anweisung 
dn llll'Cha.nischen Belwndlw1g das Clrwier nae/, einn 1•01g!'schlagenen 1w111'n 
Tl'ln/Jnatur zu Stiim1u'11 [ 1790]. Von Wiese's tuning is similar to Kirn­
berger I I, except that the two tempered fifths are placed on different 
intervals.'.!;! 

Von Wiese achieYes his tuning in three steps (see table 3) . First, be­
g inning on f, one tunes forward a cycle of pure fifths to a#; then one 
tunes f' as a pure octave to f Second , one retunes the all so that it makes 
two equally tempered fifths d~ - a# and a#-f'. Thi rd , beginnin g with dll 
one retu nes backwards using descendin g pure fifths through the cycle o f 
fifths until reachin g/II (the fifth B-f# is now a narrow fifth ). T he result 
is an irregular, closed temperament of ten pure fifths with two fifth s 
(B- Fll and Ali- F) narrow each by one-half co mma. Table 4 li sts equi v­
alents in cents for this tuning of Von Wiese ."' 

Kirnberger's ideas about temperaments as set forth both in Dfr, Kunst 
des reiuen Sa.Ill's and the articles in the Allg1'111l'in1' Theoril' dn st/1ii11en Kiinsli' 
were thorou gh ly examined and ,·igorousl y denounced in the writin gs of 
Fried rich Wilhelm Marpurg, thus becoming a matter of notorious 

24. Tcmpcl hof's method of selling Kirn berger 11 is also described in Keller at. 4 7: sec 
also S1cbl i11. ~) l -~l2 and 207 (n. 25). 

25. This tuning of n111 \Yiesc ,,·as discussed (and rejected) by t\farpurg. Nt'lll' i\letlwdt·. 

34-4 0 (appa ren tly the o nly contcn1porary d iscuss io n of it ). Von \tV icsc proposed o ther 
th eo retica l 1c 111pcramc 11ts: sec his \ 'n.,11r/1 l'illl'., fonuularisrh 1111d tabl'llarisrh vmgebildf'len 
LPitfru/1•11.1 (1702) (discussed in Kc ll e 1a1. :n. ()2-63). and Fon11ulari.,r/ll'.1 /-la,ulfmch ji'ir r/('11 
rmsiib1,11d1•11 Sti111111£'r dt•s Ta.,;,fr11inslnm11'11/., ( 17!12). His \ ·,•n11rh iibt•r dit• logish•11wlh1'111atistfu, 

Kla11gl'i11thl'ih111gs•, Sti1111111111gs• ,uul T1·111/H'ra/11n-Ll'hrt· ( 1793) c01 11 a ins fo ur temperaments , 
the sCC1) 11 d <>f \,·hich is idc111ical 11i Kini berger I I: these a rc discussed in Ba rbou r. T1111i11K 
and T1 ·111 /H'ram1·11t. 158-59. 

26 . 111 comparison wi 1h an cqual•tc11 1pc red fifth . whid1 is 11arrowcr tha n pure by 1,,·o 

cent s and beats about o nce per seco nd, , ·0 11 Wiesc's te mpered f-ift hs (a~-I' and b-/~') arc 
narrm,· by 1,,·e lYc cen ts an d ,,·ill bca1 about fi ,·c times (4.~18 and :l.38 respccti,·c ly) pe r 
seco nd . 
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TABLE 3 
Christian von Wiese's Tuning 

(from his Anweisung der meclwnischen Behandlung ) 

tune fonuard: 
-----------pure octave--------~ 

F - C - G - D - A - E - B - ftt - C# - G# - D# - A» - F 

~---------pure fifths------~ 

retune backwards: 

F# -C#-G#-D#-A#-F 

pure fifths narrow 

by 
1/2 comma 

result: 
F - C - G - D - A - E - B - F# - C# - G# - D# - A# - F 

pure fifths narrow pure fifths narrow 
by by 

1/2 comma 1/2 comma 

theoretical controversy. 27 After a detailed discussion and refutation of 
Kirnberger's first and second temperaments (pp. 182-219), Marpurg 
concludes his \lersuch iiber die musilwlische Temperatur (1776) with the 
chapter "Vorzug der gleichschwebenden Temperatur vor der ungleich­
schwebenden" (The Superiority of the Equally Beating over the Un­
equally Beating Temperament," pp. 219-23). Invoking no less an au­
thority than C. P. E. Bach , Marpurg states that "the unequally beating 
temperament is useless for our system , and that the equally beating 
temperament is the only natural and true temperament.""" 

As a rebuttal to Marpurg 's critique, Kirnberger added an unsigned re­
view of Marpurg's book (written by Tempelhof) to the second edition of 
his Die Kunst des reinen Satzes ( I 776-79), part 2, section 3, pp. 181-88. 

27. For usefu l sun·cys of the Ma rpu rg-Kirnbe rger contrm·crsy, sec Stcblin. 91-102: 
Kcllctat . 40-fi0: and Dupont. 98-102. 

28. "Die unglc ichschwebende Tcmpe ramr fiir unser System nichts tauget, und daf3 die 
gleichschwcbcn<lc Tcmpcratu r die l'im .. igl' ,wtiirlirht• um/ u,ahn• Tempcratur ist" (p. 220). 



102 JOC RNAL OF T H E A M ERICAN ~I CS ICA L l i\STR U~I EN T SOC I ETY 

T ABLE 4 

Christi an von Wiese·s Tuning 
(from his Anweisung der mechanischen Behandlung ) 

Expressed in Cents 

Note Cents 

C 0 
q 102 
D 204 

D" 306 
E 408 
F 498 
fl 600 
G 702 

G" 804 
A 906 
A# 1008 
B 1110 
C 1200 

Kirnberger 's unequal temperament became a con troversial and long­
lived subject, and the bas ic po im s o f the Kirnberger-Marpurg cont ro­
ve rsy we re repeated endlessly by late e ighteemh- and ea rly n ineteemh­
century theorists and m usical wr ite rs. When one surveys these wri tin gs, 
it becomes clear that Kirnbe1·ger 's rej ecti on of equal tempe1·ament , and 
his be lie f in the ex istence of key cha racte ri stics and the virtues of his own 
alte rn ative tempera me nL, become literary and critical common places 
that many be lletristic essayists, d ictionary com pile rs, and musical dilet­
tanLes (some with personal ties to Kirnberger) free ly p lagiarized and 
uncritica lly repeated as an a rticle of fa ith . That Kirnberger cla im ed to 

represen t the trad ition of J. S. Bach was anothe r reason fo r some (es pe­
cial ly J ohan n Ni ko laus Forke l) to adopt and proselytize fo r his ideas. 
Be lie,·in g tha t Gree k m usic used modes of di ffe re nL qu alities to arouse 
various pass ions in men , ma ny of these wri te rs may have been ind ulgin g 
a nostalg ic wish that such powers of m usic could be achieved aga in in 
conLempora ry m usic th rough the diffe renL qu alities of keys made pos­
sible by the use of Kirn berger's tuning ."" 

Since most of the sources of the Marpurg-Kirnberger controversy 
have bee n discussed in several pl aces , were written by nonmusicians or 

'.l~ I. Sec especia lly, for c:-,;.amplc. Tc111pclhof. 5 - 6. 
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TABLE 5 
Heinrich Laag's Tuning 

F - C - G - D - A - E - B - F# - q - G# - D# - Bl, - F 

pure Sths beating a little low 

'---------- closed cycle ________ __, 

dilettantes, and clearly are of a speculative, polemical nature-arguing 
what musical practice ought to be like-they need nol concern us fur­
ther, for our auempl is Lo focus on those practical sources that give us 
more reliable , concrete evidence aboul the tuning practices recom­
mended by profess ional or practicing musicians. 

Two other unequal temperaments were proposed in a form suitable for 
practical tuning during the period of our survey , though neither seems to 
have received any further comment or adherents. In his keyboard tutor 
Anfangsgriinde zum C/avierspielen und Genera/bas/sj (1774), Heinrich 
Laag (1713-1797) gives his own practical method of tuning (p. 74). As 
shown in table 5, Laag tunes a closed circle of fifths forward from F. The 
first six fifths (from F forward to B) Laag tunes ·'completely pure and 
exact," while to the remaining fifths in the cycle (F# to F) he allows "a very 
little beating, .. so that the final fifth B~ -F "beats a little under.""' Unfor­
tunately, Laag doesn't specify whether the tempering is equal, increases, 
or decreases as he progresses through the six tempered fifths. If the final six 
fifths eq ually divided the Pythagorea n comma, i.e. , were tempered flat by 
one-sixth of a comma (as is assumed in the equivalents in cents given in 
table 6), Laag·s temperament would be similar in this respect to several 
other eighteenth-century irregular temperaments. ·" 

Laag daims his temperament. has three acll·anlages: (I) the se,·emh LO 

the ona,·e is 1101 wo low, which would not be acceptable LO the ear; (2) all 
the thirds ha,·e their proper beating and Lemperamem: and (3) the 
chords on F.I, and A I, major are harmonious. But it is unlike ly that L.aag·s 
1e n1perame nl would pro,·e ,·en· useful in pranice . Un like other temper­
aments that either contain manv pure fifths or an unbroken series of 

:w. In the folloh·i11g S(.'rtio11, l.aag states tha1 aftl'r ~·cars of <bil~· experience. he has 
found it helter 10 hl'gin thl' c~·clt· a11 on:t\"C' lo\\'CT \,·ith J i11 stc;1 d of/' 

:\s,u111i11g· La;1g's lif1hs ;in· Ilw sa111c size. they ;ire four ccn1s 11a1Towf-r 1h;111 pure and 
(;1r11 u11d 1niddlc ( :) \\'ill hl'at ;1hou1 t\,·in_· ;1 scco 11cl . 

:~ I. Sec lbrhour. T1111i11g oll(/ Tt'III/H' rr11111·11I. I t-i:1 - 1)-J. 
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TABLE6 

Heinrich Laag's Tuning Expressed in Cents 

Note Cents 

C 0 

c~ 106 
D 204 
u 302 
E 408 
F 498 

F~ 608 
G 702 

G~ 804 
A 906 
B~ 1000 
B 1110 
C 1200 

tempered fifths (many are described by Marpurg and Barbour), Laag 
reverses the usual practice and instead puts a ll the pure fifths among the 
centra l (diatonic) fifths ; and he locates the tempered fifths among the 
extreme (chromatic) fifths. 30 Thus the central d iatonic keys will sound 
very Pythagorean. 

While in 1776 Vogler included a well-known set of directions for equal 
temperament in his Tonwissenschaft und Tonseft}zkunst, in his later the­
oretical writings the Abbe seems to have adopted the doctrine of key 
characteristics .·'-' In his Handbuch zur Harmonielehre (1802) Vogler pre­
sents a practical keyboard tuning that he calls his " characteristic" temper­
ament (p. 7), one that will preserve the distinct character of each key.34 

32 . Rasc h. '106. 
:3:-3. Sec his /Jl'lrorhtungen dn Ma1111hl'i 1111•r Tonsrhule ( 1778-8 1 ), ,·o l. I. pp. 284, 288 and 

,·o l. :~ . nos. 10- 12. p. 4 1: his articles "' f\ usdruc k" and ··Farbc" in the Deutsche Encyclo/Jiidfr 
(1778- 1804) \"OI. 2. p. 386 a nd m l. 9. p. 509; Choralsnte,11 ( 1800). rnl. I. pp. 17, 103; and 
\!ngleirhu11gs- J.Jfa11 dtr, ,wrh \logln'srht'II Simplifik.a::..ions-System 11111gl'srltaffcn e11, Ne umii11slcr­
(hg,•I i11 Wiidm1g (18 12), 14- 15. 

For discussions and excerpts from 1hcsc passages . sec Floyd K. Gra ,·c and Ma rgarcl G. 
Gra,·c. In Pmisf' of l-far111011y: Th e Tr'arhi11 g.~ of Abbi' Georg j ose/Jh \ 'ogler (Lincoln: LJ ni\-crsi ty 
of ~ c braska Press . 1987). 4 2-43: and S1chlin. I I 8 , 126-29, un <rn. and appendices A. B. 
and C. 

:H. T he tc mpcra mc nl is dcscTihcd in GraYe and Gra\·e, 41 - 42, who do not, howc,·cr, 
include Vogler\; crucia l de tails abo ut th e amount of tempe ring. Vogler also described the 
1e n1pe r.1 mc111 in th e \ ·agft ·isrhsjJ/an (sec Steblin. p. 211. 11. 44) . 
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TABLE 7 
Vogler's "Characteristic" Temperament 

Expressed in Cents 

Note Cents 
C 0 
Ctt > 95 
D 215 

Dtt > 283 
E 397 
F 509 
Ftt > 596 
G 691 
G# > 790 
A 906 
m > 995 
B 1088 
C 1200 

Vogler's directions for setting the temperament (pp. 119-29) have 
two stages. First, the notes of the diatonic scale are tuned in the order c' 
(with its octave c"), g',f', a', e', d', and b'. He wants each of these notes 
to play (albeit necessari ly imperfectl y) a dual ro le: as a major third to one 
note and a perfect fifth to another. Vogler determines the amount of 
tempering by directing that in a fifth relationship a note must be tuned 
"as narrow as the ear can bear" (but not approaching l/8 I); while the 
same note in a third relationship must be tuned high (but not as much 
as l/80). Such a compromise will allow a range of values, but it appears 
that Vogler wants each diatonic note to be the mean between these 
values ( l/80.5 or .0124). 35 Values in cents for the diatonic notes are given 
in table 7. 

35. For example, the fiflh r' -g' is e le,·e n ccms narrower than pure and beals abour fi\'e 
(5.23) times per second: the third r' -t'' is e lc,·c n cents wider than pure and beats about 
eight (8.37) times per second. whi le 1hc sa me equal- tempered 1hird is fourteen cents wide 
and be,11s about ten ( 10.37) times per second. 

Sc,·cral pages lat er (p. 123) Vogler gi\'es an empirical method for testing the 1cmpcr­
amcnt. Usin g a bichorcl foricpiano. he directs setting one si ring of an r" as a pure major 
third tor", th e other string as a pure fifth to a'. One raises the former string and lowers the 
laner umil 1hcy reach a unison, and the model for the temperament is ready. (This met hod 
is not likely 10 be \"Cry helpful. howe,·cr. si nce 1hc ,·alue for 1hc a' is no1 gi,·cn.) 
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The second stage is to set the accidenta ls, in the order ff, cf, gi! ', d# ', 
and b~ ' . Each of these notes is also a compromise, in its double role as a 
major third and a perfect fourth , though Vogler would like each note to 
be somewhat higher than the exact mean value. The approximate values 
in cents that result are given in table 7. It is in these last five notes, Vogler 
states, that the characteristic temperament becomes apparent. 

Works Comparing Equal and Unequal Temperaments 

The keyboa1·d tuto r that is best known and most read ily avai lable 
today is Daniel Gottlob Turk's Kla.viersclwle ( 1789; second edition , 
1802).'"; Turk (1750-1813) presents the major concepts behind the ne­
cess ity for tempering a nd gives two choices for tuning: equ al tempera­
ment and the "unequally beating" temperament of Kirnberger. Turk 
professes to refrain from ma king an outr ight prescription for tuning, 
contenting himself with leaving the reader to choose. But, as we will see, 
he does slant his presentation in favor of equal temperament. 

Turk's description of equal temperament and its characte ri stics is 
quite clear and precise: 

When one fifth beats as low as the o th ers. or when one major third is tuned 
too high as much as the others, e tc .. then thi s temperament is called equally 
beating. In this case, one naturall y plays in one key as purely as in anot her , that 
is, none completely purely. Neve rtheless, th e necessa ry deviation here is so 
insignificant that our ea r has become accustomed to it . and a keyboard tuned 
in this \\·ay can be consid ered pure.=n 

Observing that equal temperament e liminates any possibility for the 
phenomenon of key characte ri st ics , Turk concl udes that if it exists, it 
must be clue to some cause o ther than temperament. 

'.'H). Th e sect ion on tunin g is fo und 0 11 pp. 380 - 86. T iirk's discuss ion of tuning was also 
rccomm cndcd by 'Nolf in his Kurz.gtfasslt'S musikalisrhrs IA•xilwn. The Kla vi11r.w:huf,, is a\'ail­
ablc in a facsimi le reprint (Basel: Barcn rci1cr. 1962) and has been transl,ucd by Raymond 
H. Haggh as School of Chwin Playing (Lincoln : Uni ,·ersi 1y of Nebraska Press . 1982) ; the 
section 0 11 tuning is on pp. 3 72-iS. 

:-n. ··\Venn Eine Qui111 e so ,·icl ahwa rt s srhwcbt. a ls die A ndere. oder we1111 Einc gro f3e 
Terz um cben so \·icl zu hoch gesti 1111111 wir< I. als d ie Andere ll. s. w. so hcif3t die Tem­
peratur gleirhsrhwtibend. ~'Ian spiclt in dicsem Falk na lii rlichc r Weise aus Ein em Tone so 
rei n. a ls aus ele m Andcn1 , d h. aus kc i11c 111 ga nz re in . lndcf3 is1 d ie hi crzu crfordcrlichc 
Abweichung so unbedeu tcnd. daf3 sich unscr O hr daran gcw()hlll , und e in au f diese Art 
gest immtcs Kl,wicr fiir rein gehen la[3t" (p. 38 1 ). 
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TUrk gives two schemes for setting equal temperament. The first pro­
ceeds forward from C to F by fifths that "must beat downwards a little." 
The second scheme he gives is the system of Barthold Fritz. 

The alternative tuning scheme that Ttirk presents is the unequal 
temperament of Kirnberger. Ttirk purports to present the two temper­
aments impartially; but if we consider his remarks carefully, it is clear 
that in fact he has reservations about Kirnberger's temperament-he 
probably felt obligated to discuss it because of the controversy surround­
ing it. And as was suggested, it is no doubt just this controversy over the 
Kirnberger temperament, rather than any actual widespread use of it, 
that causes references to it to keep appearing in various tutors and 
maintenance manuals. 

Ttirk notes that Kirnberger's temperament was described as "the 
most correct" in Sulzer's Allgemei11e Theorie der schonen Kiinste,"8 but he is 
at some pains to question Sulzer's objectivity in advocating it. He points 
out that Sulzer was very prejudiced toward Kirnberger (the author of 
the article, Schulz, was in fact Kirnberger's pupil). And Ttirk asks 
whether, despite the temperament's advantage-that it gives each key an 
individual quality-there might be some imperfections; whether music 
as a whole would benefit; whether it would be applicable to all instru­
ments; and whether keyboard works intended for equal temperament 
would be properly effective in Kirnberger's tempe1·ament (pp. 382-83). 
TLirk points out that the temperament was recommended by Sulzer 
despite the fact that it had been scrutinized and rejected in Marpurg's 
\lersvch of 1776. And finally, he cites an example in which Sulzer's opin­
ion is suspect: the claim that equal tempe1·ament is impossible to tune by 
ear, but that Kirnberger's can be tuned easily by every tuner.'"' Despite 
his professed impartiality in presenting both temperaments, therefore, 
Ttirk's Klaviersclwle should probably be seen as recommending equal 
temperament. 

38. Tork presents Kirnbcrgc r's tempcramcnr as gi,·cn in the article ··s1i111111cn" in Sul~ 
zcr's Allgemt'int Thtorit· da sr/10,u·n Kiinstt. Tlirk prints rhc series of notes IO be 1u11cd and 
paraphrases Sulzcr's text, but assumes that the prospecri,·c tuner will kno\\' that the fiflhs 
are to be nmcd pure (p. 386). TOrk reports that Kir11berger finds equal temperament 
unacceptable because it abolishes key characteristics and also thar Sulzer. for the same 
reason, rejects equal temperament and reconl111ends Kirnbcrger's temperament. in which 
some intcn·als arc tuned pure or almost pure, and others c,·en more impure. thus gi,·ing 
each key its own characler (p. 382). 

39. Tiirk rc1un1cd to the subject of Kirnbergcr's temperament again in Anfritung w 

Templ'rnlurbaer/111u11gl'l1 (1806: another ed. 1808). 
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The distinction between "equally beating" and "unequally beating" 
temperaments was also recognized by J ohan n Joseph Klein (1740-1823) 
in his Lehrbuch der theoretischen Musik of 1801 (pp . 68-69). Klein realizes 
that the purpose of using unequally beating temperaments is to provide 
key characteristics, but it is clear from his tone that he remains skeptical 
of their existence: 

With the unequally beating temperame nt, one intends to create a differenti­
ation among the keys, by which one imagines each key can be given various 
characteristics and advantages over the o thers. How far this purpose will be 
achieved will be left to everyone's indi vidual experience. 40 

And when it comes to giving directions for tuning, Klein prescribes only 
equal temperament. After de termining the values for equal tempera­
ment through various divisions of the comma and through use of the 
monochord, Klein gives directions for tuning a temperament by ear (p . 
82). He divides the octave c' - c" into three major thirds , c' - e' , e' -gjl', and 
gi!'-c", each tuned a little high. Then the fifths C-G, G-D, D-A, and 
A-E are tuned , each slightly low. Fina ll y, the remaining fifths are tuned. 

Early Nineteenth-Century Keyboard Maintenance Manuals 

At the beginning of the nineteenth century, we have a group of sources 
that provides even more concrete evidence about practical keyboard tun­
ing: manuals written for the tuning and maintenance of fortepianos and 
other stringed keyboard instruments. 

The first of these sources is the Stimmbucli, oder viehnehr: Anweisung, wie 
jeder Liebhaber sein Clavierinstrument . .. selbst reparire11 und also auc ft stim­

men honne, published in 1801 by J oseph Bi.inner and Ernst Nachersberg 
(a second edition appeared in 1804 under the name of Nachersberg 
only·"). Bi.ittner was organist at the Domkirche at Glogau (un til at least 
1830), and Nachersberg (b. 1775) was a g rammarian and novelist. 

Bi.ittner and Nachersberg initially state that a correct tuning can be 
achieved only "if the unequally bea ting temperament is taken as the 
foundation. " But when they give practical instntctions for tuning, the 

40. ··Bey dcr un gle ichschwebende n T e mperatur hat man zur Abs icln, den To11ar1c11 

c ine Vcrschicdc11hcit u11lcr sich zu gcbc 11 , wodurrh man zu bcwirkcn g laubt, da~ jcdc 
Tonan YCrschicdcnc Eigc11scha ftcn und VorzOgc nff dcr andern habcn soil. In wic fern 
dicser Endzweck errc icht wcrdc, solchcs winl dcr cigc11e 11 Er fahrung eines leden Ober­
Iasscn·· (p. 68). 

4 1. Though co mrary to the sra 1c111c11 1s 011 1hc title page this was merely a re issue, 1101 

an e nlarged edi1io11. 111 the firs, cdi1io11 (cit ed here). the 1uni11g direc1ion s arc found mi pp. 
:j 1-5 H. 
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temperament is equal temperament. According to them, the following 
rules (accurate, though somewhat confusing) constitute all that can be 
said about tuning: (l) one first tunes all the notes between A and f'; (2) 
one tunes forward from f to all upwards by fifths and (as necessary to stay 
within the limits of A to J') down by octaves; and (3) within the compass 
of A to J' all the notes are tuned "beating downwards" and outside this 
compass, pure (pp. 54-56). This latter direction, of course, is a rather 
cryptic way of saying that the fifths within the temperament compass are 
tuned slightly flat and the remaining notes in the keyboard are tuned by 
pure octaves. The authors also suggest checking the major thirds that 
a1·e formed within the compass A to f' to ascertain that they "have their 
proper sharpness and a somewhat upwardly beating sound" (p. 57). 

Buttner and Nachersberg's Stimmbuch received a favorable review in 
the Allgemeine musilwlische Zeitung (15 July I 80 I), which remarked spe­
cifically on the tuning recommendation. The anonymous reviewer 
seemed LO recognize that the directions for equal temperament were not 
very clear: 

More emphasis should also be placed on the equal temperament-i.e., that 
one makes all fifths a little too low, all major thirds a little too high, and all put 
in an equal proportion, which the ear easily recognizes: only in this way is an 
instrument prepared so that it can be played in all keys: " 

Another tuning and maintenance manual, Clavier-Stimrnbuch oder deut­

liche Anweisung wie jeder Nlusikfreund sein C/avier-Fliigel, Forte-jJiano 1111d 
Fliigel-FortejJiano selbst stimmen, repariren, mu/ bestmoglichst gut erhalten 
konne, edited or compiled in 1805 by a certain Gall, reprints the entire 
section on tuning from Buuner and Nachersberg's Stimmbuch (pp. 54-
62) and adds some remarks LO clarify the theory of tuning keyboard 
instruments (pp. 62-66). In 1807 there appeared yet another tuning 
manual , Grii11dliche A11/eitung zum Clavierstiimnen, which, though it is at­
tributed on the title page to Abbe Vogler, offers neither of Vogler's 
earlier temperaments, but reprints virtually verbatim the tuning direc­
tions of Buuner and Nachersberg:'" 

42. ··Auch solltc mchr auf die glcichschwcbc11dc Tcmpcratur gcdru11gc11 scyn-d.h. 
darauf. class man allc Quimen ein klein wcnig zu 1icf. alle grossc Tcrzcn c in klcin wenig 
zu hoch. und nun in alien ein gleiches Verhaltnis. Ober welches das Ohr lc icht Rechen­
schaft gieb1, he rs1cllc: als wodurch allein man scin Instrument in den Swnd scz1. aus alien 
TOnen gespich wcrdcn zu kOnncn" (col. 704). 

43. In fact. since the six1ee11-pagc (anonymously published) pamphlet is entirely pla­
giarized from Blirtncr and Nachersbcrg. i, is like ly tha1 the attribu1io11 10 Vogler is fraud­
ulent. 
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The manual that devotes the most space to practical tuning is the 
Ueber Klavierinstrumente by Christian F. G. Thon (1773-1844). Thon's 
manual, published as Ueber Klavierinstrumente, deren Ankauf, Behandlung 
und Stimmung in 1817 and 1825, was reissued in 1836 under the title 
Abhandlung ii.ber Klavier-Saiten-lnstru.mente; it was also reprinted as vol­
ume 89 of the Neuer Schauplatz der Kii.nste und Handwerlw series in 1843. 

Judging from his publications, Thon was not a practicing musician 
but rather a compiler (of encyclopedic habits), for he wrote manuals on 
(among other things) bookbinding, wine making, lacquering and var­
nishing, veterinary medicine, chess, distilling, and dog training. Unfor­
tunately , in his attempt to be comprehensive, Thon compiled material 
somewhat haphazardly from a number of identifiable sources; this per­
haps explains why it often seems that he doesn 't quite understand what 
he is writing about, and why several of his tuning directions are incom­
plete. 

Thon begins his discussion of tuning with the physical, mathematical, 
and acoustic foundations of sound and scales, and gives the reasons for 
the necessity of temperament (pp. 117-24). He observes that there are 
two very different principal systems of temperament: equal tempera­
ment and unequal temperament (pp. 124-25). His description of the 
features of equal temperament is accurate enough, but-and here 
Thon's credibility weakens-the unequal temperament Thon describes 
is the quite obsolete one-quarter comma meantone. 44 

There is no doubt, Thon states, that unequal (i.e., meantone) tem­
perament is to be preferred; even though equal temperament comes 
closer to the mathematical ratios, its equal beating produces a uniformity 
that diminishes variety in practical music. Unequal temperament, how­
ever, preserves the distinct character of each key and allows the com­
poser greater variety and expressive possibility. 

Thon then notes that in addition to equal and unequal temperaments, 
many theorists and musicians had proposed a variety of other temper­
aments; and of these he singles out the temperaments of Kirn berger and 
Marpurg as epoch making. 4 0

' Thon proposes to explain what it is nee-

44. That is, Thon describes this unequal te mperamelll as ha\'ing ele,·en fifth s that are 
tempered one-quarter of a comma, the twelfth fifth being an unusable "wolf': thereby one 
sah-agcs eight major thirds (p. 125). 

45. Herc Thon is confused. In a note he cites Kirnberger's early treatise 011 tuning that 
had propounded a method of setting equal temperamelll , Ko11struction der gleich.sclrwebenden 
Tt1111/Jerallir ( 1760): but as becomes clear, he juxtaposes Kirn berger I I against equal tem­
perament. For Marpurg Thon cites the \lasurh and Neue Metlwde. 
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essary to know about each. First he gives directions for the Kirn berger I I 
temperament, though his method of setting it differs from those of 
Kirnberger, Sulzer, and Tempelhof (p. 128). In addition to the practical 
directions, he gives the temperament in fractions and decimal ratios. 

But according to Thon a temperament of Marpurg pleases many 
musicians more than the Kirnberger temperament. Thon quotes a long 
section (no. 167) from Marpurg's Versuch in such a way that it seems to 
describe two ways to set this temperament (pp. I 28-3 I and figs. I and 2). 
But in fact, they are not tuning systems, but Marpurg's demonstrations 
of how to find the size of an equally tempered fourth or fifth at the 
keyboard without the help of a monochord. (The first demonstration 
proceeds forward from C by seven pure fifths, adding to the last fifth a 
pure major third C~-U. the resulting C-E~ approximating an equal 
tempered fourth ; the second demonstration proceeds forward from C 
by seven pure fourths, adding to the last fourth a downward pure major 
third B-G.) 

Thon grants that using this method may be difficult for a person just 
beginning to learn to tune, and he therefore provides for beginners an 
easy and short method by which to tune an instrument "so that one can 
play every scale in all keys equally purely" (pp. 132-33). After prelim­
inaries about the mechanics of making tuning easier, and after teaching 
how to discriminate between the pure and impure tuning of intervals, 
Thon describes two closed tuning cycles using fifths and octaves, one 
proceeding from c', the other from f', with various checks of thirds (pp. 
138-40 and figs. 3, 4, and 5). To use these schemes to obtain "a good 
temperament," Thon states, one must tune 

the fifths of the temperament octave downwards and 11ot noticeably departing 
from their purity; the thirds ujJ1uards; the fourths beating slightly downwards; 
[and] the octaves, on the contrary, absolutely Jmrely .46 

These are, of course, unambiguous and unequivocal directions for equal 
temperament. 47 

46. "Die Quinten der TemperaturoctaYe nicht merklich von ihrer Reinigkeit abgehen 
und unlenoiirts; die Terzen aber iibern,iirts; die Quarten gelind untenoiirts schwcben; die 
Octaven hingegen vOl!ig rein" (p. 141). 

47. Thon then acids that "if the ear, in the course of time, is already more experienced 
and can clearl y make fine distinctions," one can attempt another temperament. The di­
rections arc for a closed cycle of fifths forward from C; all fifths are pure except for three 
(or possibly four) \'ariously tempered fifths: the fifth C-G "beating unnoticeabl y lower," 
the fiflh G- 0 "somewhat more diminished," and the fifth B- Fij "beating low." Since Thon 
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Although Thon apparently was not a musician, and his discussion of 
tuning was quite clearly cobbled together from a number of sources (which 
explains the confusions and incomplete tuning schemes), he nonetheless in 
general agrees with his contemporaries in recognizing Kirnberger II and 
equal temperament as the two principal tunings, and in reporting that 
many musicians prefer equal temperament to Kirnberger Il. 48 

The final manual in this group is the Griindliches, vollstdndiges und 
leichtfassliches Stimmsystem, oder Anweisung wie leder FortejJiano- oder Klavier­
instrumente auf die beste und leichteste Art, rein und richtig, in kurzer Zeit 
stimmen lernen kann (1827) by Johann Traugott Lehmann. Lehmann 
states that on a correctly tuned instrument one must be able to play in all 
twelve keys "equally purely," and he adds that this "requirement is ab­
solutely necessary for our present manner of composition" (pp. 23-24). 
In such a temperament, which he calls the "evenly tempered tempera­
ment," "every fifth must beat somewhat downwards .. . approximately 
one-twelfth of a comma." This procedure requires tuning "the major 
thirds higher than their perfect purity, thus sharper (beating upwards) 
than they really should be." For the actual tuning, Lehmann gives a 
closed cycle of fifths and octaves proceeding forward (depending on the 
tuning fork) from c' or a (pp. 28-31). About unequal temperaments, he 
prefers to remain silent, "for no more use can now be made of them" (p. 
25). 

Early Nineteenth-Century Keyboard Performance Treatises 

For the sixth edition of Lohlein's Clavier-Sclmle (1804) ,"' its editor, 
August Eberhard Millier (1767-1817), provided a new and expanded 
section on tuning, in which he notes that it is impossible to tune an 

fails to specify Lhe fifth D-A, the exact number and amount of tempering of the tempered 
fifths that he intended is unclear. 

48. In Leichter und fa sslicher Unterricht das Pianoforte z.u stimmen ( 1822), August Harder 
giYes the simplest possible direct ions for equal temperamem. He describes seuing fifths 
fo rward from/to b, and downward from/' to f~. The fifths must beat "somewhat low" and 
the octaves must be tuned purely. One maintenance manual. Kurz.e Anleitung :w einer 
richtigen Kenntniss um/ Behamllung der Forte-Pianos in Bez.iehung au[ das S/1iele11 , Stimmen wul 
Erlwlter1 (1824) by the Stuttgart builders Dieudonne and Schiedmayer, offers no praclical 
directions; blll the authors clearly slate "the temperament of the keys must be as equal as 
possible" (p. 54). 

49. Sixth edition title: A. E. 1Vliillers Klavier- um! Forte/1ia110-Sclwle. ln this edition, the 
sect ion on tuning occurs on pp. 301-3. The new tuning schemes provided by MO iler also 
appeared in the two subsequent editions ca . 1815 and ca. 1825. The article "Stimmung" in 
the seventh edition of the Allgemeine deulsche Real-£11cycloj1edia l O ( 1827): 7 I 9, referred the 
reader to Mi.iller's Klaviersclwle for keyboard tuning. 
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instrument using the pure intervals given by nature. Therefore "each 
fifth must be lowered a little, [and] each major third raised slightly." 
Even though each note now departs from its natural or mathematical 
purity, this nonetheless produces "what one can call its practical or ar­
tistic purity." This tempering is required to achieve equal temperament, 
which will make possible "the perfect execution of new music." 

Muller does mention that Kirnberger had proposed and recom­
mended an unequal temperament; but according to Muller, Kirnberger 
defended it with greater ingenuity than thoroughness. Muller claims 
that "every unfastidious ear will immediately decide the uselessness of 
this temperament," and that the temperament has been scientifically 
refuted by Marpurg and Chladni.50 

Muller states there are several ways to achieve an equal temperament 
so that one can play in all keys , and he offe1·s two schemes. The easiest 
and surest method (which he says is based on his own extensive experi­
ence) begins by inserting into the octave c-c' the tempered major thirds 
c-e and e-g#. Then one tunes the series of tempered fifths C-G, G-0, 
0-A, and A-E, with the final e' agreeing with the previously set e. 

Likewise, to the just-now tuned G, one tunes the thirds G-B, B-0#, and 
B-G; to the already-tuned D, one tunes the thirds D-F# , F#-M, and 
B~-D; and finally to the already-tuned A, one tunes the thirds A-C#, 
C#-E#, and F-A. 

Muller gives a second tuning scheme that he admits is more difficult. 
One begins by setting an equal tempered triad on c', then adding the flat 
seventh (b~ ') as sharp as the harmony allows. Then by a series of tem­
pered fourths and fifths, the remaining notes are tuned: B~-E~, E~-A~, 
G#-C#, C#-F#, F#-B, B-E, E-A, A-0, and from the original c', C-F. 

In the preface to his Wiener Pianoforte-Schule ( 1819), Friedrich Starke 
states that a prime requisite for a student is "a good pianoforte, always 
tuned purely" in the mannei- he gives later in his tutor (p. 20), a method 
that is a version of the first of Muller's equal temperament schemes, 
transposed up a major sixth and with more explicit instructions about 
the tempering of each inte rval. 

At the end of our survey, we have advice about tuning from two 
indisputably important sources, the composers and pianists Johann N. 
Hummel (1778-1837) and Carl Czerny (1791-1857). Hummel 's Aus­
fiihrliche theoretisch-Jnactische Amveimng wm Piano-forte-S/1iel (I 828) ap-

50. \lersuch iibn di£' musikalisrhe Tt'mjlt'mlur ( 1776); E11tdeclmngl'l1 iibn die theorit' des 
Klang,·s ( 1787) and Di,• 1\k11stik ( 1802). 
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peared in the same year in English translation as A ComJ;/ete Theoretical 
and Practical Course of /11structio11s , 011 lite Art of Playing the Piano Forte. 
Writing from Weimar in 1827, Hummel looks back at "forme1· times" 
when clavichords, harpsichords, pantalons, and even pianofortes had 
"only two thin, feeble strings" for each note (p. 458), and authors such 
as Sorge, Fritz, Marpurg, Kirnberger, and Vogler set forth practical 
systems about wning. But modern tuners, Hummel claims, don 't have 
ears acute enough to discriminate the minute deviations in the tuning 
systems proposed by these authors. Now. accord in g to Hummel, those 
early keyboard instrumems are "almost who lly set aside"; and with pi­
anofortes whose strings are four to five times thicker, a temperamelll is 
needed that will make tuning much easier and more convenient. 

Hummel claims that according to professional lllners, especially those 
in Vienna, equal temperamelll is "the one that is most easily tuned, and 
[by which] the whole instrumelll [i s] tuned with the greatest certaimy 
and probability of keeping in tune." Hummel g ives an equal tempera­
ment that is set using a cycle of fifths from A to D, with the qualification 
that each fifth must be tuned "somewhat /!attn than perfect" (p. 459) . 
Such tempered fifths he describes as "good" when they are "not indeed 
abso lutely perfect, but yet do not sound offensive to the ear." 

Carl Czerny begins his discussion of tuning in his \lollstiindige tlll'oretisch­
/m1ctische Pia110-forte-Schuf,, of 1839 (pan 3, pp. 94-95) by stating that "a 
completely and thorough ly wned forlleJ;iano will be tuned purely." 
This purely tuned fonep iano, we wi ll see. is wned in equal tempe1·ament. 

To achieve this pure LUning, Czerny begins, as did Hummel, with a cy­
cle of fifths tuned forward from A to D, with a check of Ctt against the 
original A to see if it sounds pure. To describe the tempering, Czerny 
states there are three degrees of"purity" in which one can tune an octave, 
fifth, or third. These three degrees of purity, of course, Czerny has 
adopted from Barthold Fritz: the first beats "very slightly downwards"; 
the second is "the exactly pure": and the third, "the excess i,·e or the very 
harsh purity." In tuning, Czerny states the octaves must be "exactly pure," 
that is, the second degree of purity. The fifths must also be pure , but 
"beating very slightly downwa1·ds ," that is , the first degree of purity. 
Czerny doesn't memion the degree of purity of the thirds, but by e lim­
in at ion they would be of the third degree of purity, beating slightly sharp. 

* * * 

The majority of our twenty-two principal sources (see Appendix) ad­
vocate equal temperament, recognizing that equal temperamelll will 
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eliminate the possibility of key characteristics, but that this is desirable, 
or compensated for, because one can play equally purely in all keys. 

Of the unequal temperaments, it was Kirnberger's second temperament 
that was sufficiently well known to be recognized as the alternative to equal 
temperament. However, we should not let the number of the advocates of 
Kirnberger's temperament, or its notoriety, mislead us about its impor­
tance and use as a practical tuning scheme. The temperament clearly is 
bound up with Kirnberger's own theories about music and aesthetics. Ad­
vocates of Kirnberger II were clearly in a minority position-friends and 
partisans of Kirn berger, and musical conservatives ( some of whom thought 
he was transmitting the Bach tradition) conducting a polemical campaign, 
motivated partly by an antiquated desire to retain the possibility of key 
characteristics in musical performance. Moreover, as J. Murray Barbour 
pointed out, Kirnberger II was not likely to have been satisfactory even for 
the performance of music of its own period . None of the other unequal 
temperaments-those of Laag, von Wiese, and Vogler-seems to have had 
advocates or received any recognition. 

The general consensus in favor of equal temperament in German­
speaking areas of Europe was recognized as early as I 793 by several 
disinterested contemporary writers. In that year the English musician 
Charles Clagget wrote in his A Discourse on Musick that on the continent 
a tuning method was used 

by which the imperfection of keyed instruments has been equally distributed 
amongst all the musical keys, instead of throwing this imperfection, as in 
England, upon those keys which have a greater number of flats and sharps. 51 

John Broad wood also suggested in I 8 I I that a consensus existed in 
favor of equal temperament. In a letter to the London Monthly Magazine, 
he states that "Haydn, Mozart, and other masters of harmony" have 
pronounced equal temperament the system best deserving the appella­
tion "the best practical method of tuning keyed stringed instruments."52 

And in 1848, in a survey of tuning practices, an anonymous writer in 
the Allgemeine musilwlische Zeitung said that the most famous of the 

51. P. 6. In "David Tannenberg's Directions for Organ Tuning," The Organ Yearbook 16 
(l 985):78-89, I present sources that suggest that this same English-German difference in 
tuning preferences was also operative in colonial America. 

52. Montl,/y Magazine 32 (181 I), part 2, p. 321. For a study of Mozan's teaching of 
intonation as recorded by his pupil Thomas Attwood see John Hind Chesnut, "Mozart's 
Teaching of lntonation,"journa/ of the American Nlusicological Society 30 ( 1977):254-71; but 
Chesnut's attempt to relate Mozart's manuscript notes on scale tuning to keyboard tem­
peraments is misguided and mislead ing. 

John R Watson
Rectangle
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unequal temperaments was that of Kirnberger, but that it was never 
commonly in use, and that for the past forty years, equal temperament 
had superseded all the rest." The historical sources studied in this 
survey suggest, then, that for German-Austrian keyboard instruments 
of the period 1770-1840, the tuning scheme most often used was equal 
temperament. 54 

Champaign, Illinois 

53. "Dass es mil der Charakteristik der Tonart Nichts sci," Allgemeine musikalische Zei­
tung, 16 August 1848, cols. 532 and 534. The article is signed "Helt." The prevalence of 
equal temperament had also been asserted twenty-three years earlier by an anonymous 
writer in the same magazine; see .. Das Charakteristische der Tonarten betreffend," 6 April 
I 825, col. 222. 

54. Cf. Rasch's statement that "equal temperament was becoming the norm for tuning 
during the second half of the eighteenth century" (p. 303). While Rasch's important essay 
is focused primarily on J. S. Bach, the present study confirms one of its principal points, 
that "equal temperament has been described and discussed so often in eighteenth-century 
writings as a practical system that it must have played an important part in musical per­
fonnance" (p. 304). 
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APPENDIX 

A Summary of Publications That Contain Practical Directions 
For Tuning Keyboard Instruments, I 770-1840 

Publication Tuning 

Barthold Fritz, Amveisung, wie Ma11 Claviere, Equal temperament 
Claveci11s, um/ Orgeln ... in alle11 zwolf To11e11 
gleich rei11 stiim11en konne (1st and 2d eels., 1756, 
1757; later eels ., 1780, 1799, ca. 1800) 

1771 Johann Phi li pp Kirnberger, Die Kunst des rei11e11 Kirnberger 11 
Satzes in der lvlusi/1 , I 

1774 Heinrich Laag, A11fa11gsgrih1de wm Claviers/Jielen Laag's mrn tuning 
und Generalbas[s/ 

1774 

1775 

1776 

1779 

1782 

1789 

1790 

1801 

1801 

1802 

1804 

Johann Georg Sulzer, Allge111ei11e Theorie der 
schonen Kiinste, 2 (2d eel., 1792-1794) 

Georg Friedrich Tempelhof, Gedanken iiber die 
Temperatur des Herrn Kirnberger 

Georg Joseph Vogler, Tonwissenschaft und 
To11se[l/zkunsl 

Georg Simon Lohlein, Clavier-Schute (3d eel.) 

Johann Samuel Petri, Anleitu11g zur pralilische11 
Musil, (2d eel.) 

Daniel Gottlob Turk, Klavierschule (2d eel ., 
1802) 

Christian Ludwig Gustav von Wiese, A11weisu11g 
der mechanischen Behandlu11g das Clavier nach 
einer vorgeschlagenen neuen Temperatur zu stimmen 

Johann Joseph Klein, Lehrbuch der theoretische11 
Musil, 

Joseph Bliltner and Ernst Nachersberg, Sti111111-
buch, oder ... Auweiszwg, wie jeder Liebhaber sein 
Clavierinstrn111e11/ ... selbst reparire11 u11d auch 
sti111111e11 ko1111e (2d eel. , 1804) 

Georg Joseph Vogler, Handbuch zur Hanno11ie­
lehre 

Georg Simon Lohlein/August Eberhard Muller, 
A. E. Miillers Klavier- u11d Forte/Jia110-Sc/111le (later 
eels., ca. 1815 , ca. 1825) 

Kirn berger 11 

Kirnberger 11 

Equal temperament 

Equal temperament 

Equal temperament 

Prefers equal temper­
ament, but also gives 
Kirnberger 11 

Von VViese's variant 
of Kirnberger 11 

Equal temperament 

Equal te mperament 

\! ogler's "characteris­
tic" ten1perament 

Equal temperament 
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1805 

1807 

1817 

1819 

1822 

1827 

1828 

1839 

Gall, Clavier-Sti1mnlmch oder ... Anweisung wie 
jeder Musilifreund sein Clavier-Fliigel, Forle-J1iano 
und FWgel-Forle/1ia110 selbsl stimme11 ... /@me 

Griindliche Anleilung mm Claviersli111111e11, attrib­
uted to Vogler 

Christian F. G. Thon, Ueber Klavierinslmmenle, 
deren Ankauf, Behandlung und Sti111.111·1mg (later 
eds., 1825 , I 836, 1843) 

Fried rich Starke, Wiener Pianofor/e-Schule 

August Harder, Leichler und fasslicher Unlen-icht 
da.s Pianoforte zu slim.men 

Johann Traugott Lehmann, Grii.ndliches, 
vollstiindiges und leichlfassliches Slimmsystem, oder 
Anweisung wie /eder FortejJia.110- oder Khwierinslru­
menle ... in l,urzer Zeit stimmen lernen kann 

Johann N. Hummel , Ausfiihrliche theorelisch­
/1rn.clische Anweisung zum Piano-forle-SJ1iel 

Carl Czerny, Vollstiindige lheoretisch-J1ractische 
Pia,w-forle-Schule 

Equal te mperament 

Eq ual te mperament 

Eq ual te mperament 
and Kirn berger I I 

Equal temperament 

Equal temperament 

Equal temperament 

Equal temperament 

Equal temperament 




