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ABSTRACT.

! -

Meantone is reputedly the temperament for early keyboard
instruments. General references are made to it as one of the .pre-
cursors of equal temperamént, and ""Das WOhltemﬁerierte Clavier" is
often cited as one of the main turning points in the history of keyboard
témperament,;Bach being held as a champion of equal temperament at a
_ time when meantone was the acéepted temperament. Looking further back
into the history of keyboard music we would expect to find meantone
firmly estgblished as the standard temperament, but the issue is
" complicatéd by a Fantasia by John Bull, the difficulties of which can

only be expléined by reference to equal temperament.

If equal temperament is accepted as necessary for the Bull Fantasia,
certain questions immediately spring to mind. How strongly was meantone
the established tempefamept for keyboard instruments if equal temperament
was known to one of the earliest schools of keyboard music? How can
"Das Wohltemperierte Clavier" be considered as such an important mile-
stone in the history of keyboard temperament if equal temperament was
conceivable at the beginning of the seventeenth century or even earlier?
Finally, if equal temperament was known at the Eeginning-of the seventeenth
'century, and firmly established in the first half of the eighteenth, why
did a firm such as John Broadwood and Sons only make equal temperament its

standard keyboard temperament as late as 18467

Dr. J. Murray Barbour has ¢ast serious doubts on the assumption that
Bach intended '"Das Wohltemperierte Clavier" for an equally tempered
instrument, whereas a glanée at mid-nineteenth century keyboard music,
with its enharmonic changes, makes anything other than equal temperament
impossible, but the question of the chromatic notes in the works of the
English virginalist composers has yet to be fully investigated.

This study is an attempt to bring together information about the
music of the late sixteenth and early seventeenth centuries and the
temperaments and instruments availablé from which to draw conclusions
about the most likely temperaments to have been in use.” The available
material strongly suggests quarter comma meantone as the standard temper-
ament, and there is sufficient evidence in the music to support the notion
that the dissonance caused by the occasional substitution of an E flat for
a D sharp was tolerated, while at the same time it seems clear that the Bull
. Fantasia was written for a clavicymbalum universale, an instrument which

offered exactly the nineteen different notes which Bull required for this

piece.
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PREFACE.

A stud? of the music of the English Virginalists, with the aim of

| ascertaining the.-most likely temperament used, is long overdue. Since
equal temperament became the established keyboard temperament, all
keyboard music has-been.subjectéd to its use, irrespective of historical
accuracy. Early music is enjoying a considerable revival, but the

- efforts being.made to give-auth;ntic performances have not yet extended
to temperament. information éboﬁt possible temperaments is not far

to seek in sixteenth and seventeenth century writings, but a detailed
study of the_evidence available in the musi¢ has not previously been

undertaken.

On a:?lucked,string keyboérd instrument the "running thirds" of
equal temperament are much more noticeable than on a piano. The
“stillness" of a pure major third is so obviously "right" for such
instruments that the criticisms of equally tempered thirds By musicians
" who were used to pure thirds can easily be éppreciated, but it is

difficult to find keyboard instruments which are tuned to any other
than equal temperament. The Russell Collection of Early Keyboard
instruments. at the St. Cecilia Hall, Edinburgh, presents one of the few
opportunities to see and play upon instruments tuned to various temper-
aments. I_would like to express my thanks to Dr. Peter Williams,

" director of the Russell Collection, for allowing me to play on the
instruments as well as the McClure organ in the Reid School of Music.

‘I would also like to thank John Barnes, curator of the St. Cecilia Hall,
' who gave so generously of his time and knowledge, and allowed me to

listen whilst_he,tuned instruments for concert  purposes.

My thanks also to the staff of Durham University Library for their
assistance in tracking down the:necessary books, particularly the then
elusive Tuning and Temperament by Dr. Murray Barbour, which has now,
happily, been reprinted anﬁ is more generally available.

Above all, I wish to thank Dr. Jerome Roche, who, in spite of his
many commitments, always found time to advise and discuss, and has
guided this study near rocky shores and through narrow straits with a

firm but gentle-hand.




CHAPT=R 1.

INTRODUCTION,
2 :
eses the rewgrds for the advancement of secular learning were
not usually very great and the dangers were often considerable in
an age which found it hard to differentiate between science and
magic -and mere witchcraft. Not until the ideas and the knowledge -
of the learned had been assimilated by men of affairs, by business-
. men and merchants, navigators and engineers, could there anyway be
that blend:of .theory and practice which was later to produce first
the 'scientific revolution' and then the 'industrial revolution'.
The scholars and teachers of the later sixteenth century were
mostly absorbed in the humbler task of trying to sort out those
. ideas and of diffusing that knowledge. Their main efforts were
“expended in popularising-and describing; in-defining and pointing
-out the problems rather than in breaking through to new solutioms.

. It is tempting to see here a reason for the successes of this
~ 'age, and particularly of its later years, in the one field where

- its achievements rose far above mediocrity. For in imaginative

~ literature and the drama, in those arts that hold a mirror up to
human nature, the late sixteenth century and the first years of the
seventeenth . century soared to heights that in other fields seemed

- quite beyond the reach of the men of those times. In vernacular
literature and drama, and in music, Cervantes and Shakespeare,

" Palestrina and Byrd, and their fellows, brought to brilliant maturity
the strivings of the preceding generation. In painting and archi-
tecture, too, the inspiration of the High Renaissance was passed

~ down by way of.Titian and E1 Greco, to the seventeenth century. (1)

The above quotation, taken from the concluding paragraphs of the
introduction to a book on the Counter Reformation, hints clearly at the
.disparity in various fields of human endeavour during the latter half of the
fsixteenth and the Beginning of the seventeenth centuries. To say that it
_;-was'a period of change, a period of discovery, a period in thch ideas were

. 'formed which would be put to more practical use by succeeding generations

“r"is to.equate it with almost every other pefiod of history. That it was-

‘_.such a period is undeniable, but a closer look at the nature of some of these
:dhangeq and discoveries helps in understanding the period, just as a know-

" ledge of what followed reveals their ultimate significance.

‘Much has been written about the revival of classical antiquity as
characteristic of the Renaissance. ‘Scholars looking back beyond the
medie#al culture which glorified God and heaven saw one which glorified man
and the world in which he lived. The interest in classical antiquity was
not unprecedented, as tﬁe Carolingian Renaissance of the ninth century and -
the Ottonian of the tenth as wéll as the Renaissance of the twelfth century

can testify, nor had the great classical writers been forgotten in the Middle

(1) 'Wernham, R.B. (ed.) The New Cambridge Modern History. Vol. iii

Cambridge. 1963.




Ages, the philbsophies of Plato and Aristotle having contributed much to
‘medieval ph%}osdphy, and the writings of Virgil, Ovid, Lucan, Juvenal

' and Horace retained their popularity. It was not so much the re-
discovery of antiquity as the approach to it which made the difference
between the Middle Ages and the Renaissance; " henceforth it was to be
-that man and God would go forward together rather than that God, through
the Church, should always lead, -or, even more radically, that, "what the
~Middle Ages established through the Church was now attempted outside the
_ .-Church.ﬁ. (2) '

The change, however, was not sudden. As with most changes in
history the process was slow and not always easy to follow even in
- retrospect, Much which could be called medieval lived on into the
: Réﬁaissance just as.much which truly belonged to the Renaissance survived
~ into the Baroque. Even the word Renaissance itself presents difficulties;
it is almost synonymous with humanism. The humanist of the sixteenth
'éentury was not one who had rejected God in favour of man, he was one who,.
by cultivating the classicé, had come to accept man as a being of importance
rather than solely as an instrument through which the glory of God could be
recognised. M.L. Bush sums up the position: '

It is true that the super1ority of man among earthly creatures,
emphasised both by the Greeks and in the book of Genesis, had never
been forgotten..eceseesessses. But during the course of the fourteenth
and fifteenth centuries, and largely under the influence of amtiquity,

.- the importance of man in a much broader sens2 became a prominent
feature in Italian art, literature and philosophy. The relationship
 between man and God remained an overriding concern, but, in addition,
the relationship between man and man, and the relationship between
"man and his surroundings became increasingly a worthy consideration
of artists and writers. (3)
‘Rénaissaﬂce has come to be the word which signifies the artistic stylé of
the peridd, the word which brings to mind its tangible evidence in the form
' of painting, architecture and music, but humanism, or a feeling for man's

achievements, describes its spirit.

It is perhaps to be expected that an age which sought to express the
importance of man in the universe would begin to seek explanations of natural
phenomena in terms of man's understanding rather than as manifestations of
the divine will, There was a resurgence of the idea that such phenomena
could be studied as physical facts of.this world, and that these facts could
be pieced together to add to man's knowledge of his environment and to help

him overcome some of the limitations of that environment. .

(2) Lang, P.H. Music in Western Civilisation. London. 1942.

2.

(3) Bush, M.L. Renaissance, Reformation and the Outer World. London. 1967.




Nowhere was the fight égainst-limitations more apparent or the
- winning of that fight more rewarding than in the realm of seamanship.
It_ﬁas not éﬁfficient that a skilled sea captain could take his ship
over uncharted waters, find new, interesting and commercially desirable
lands, and:then:return safely to tell his story. He had to be able to
f'refufn to those lands at will and to do so in the shortest possible. time.
The two main aids of the shipsmaster, the compass and the lead, were not
enough.tb_enable him to determine his position well away from any known
landmarks. Eventually the 1og-he1ped to give a more accurate estimate
of sﬁeed than the older method which was to record the time taken to
:,paés é:piece of flotsam or other floating débris, and the quadrant was
" repiacéd by the more reliable astrolobe or "sea ring" as a means of
':  determininé latitude, but it was not until the invention of the chrono-
meter ih-thé eighteenth century that longitude-could be accurately
established; the Renaissance method of ‘running down the latitude',
however, served-pretty well in the meantime. "In the story of discovery
in the broadest sense, then, our period was a time of tentative, though
splendid, beginnings. 'The Age of Reconnaissance' seems the most

. appropriate name by which to describe it." (&)

Natural science was closely allied to the study of medicine. Botany

was valued because of the information it gave about herbs which could be
used as remedies for man's ailments, and zoology because of tﬂe assistance
it bffgred to a greater understanding of the human body. Important dis--
coveries were made such as the realisation of William Harvey (1578 - 1657)
that blood flowed in one direction only and that the valves in the veins,

ﬂ%the existence of which had been known for some time, were there to ensure

i this unidirectional flow. The standard of surgery improved under the

- influence of men 1ike William Clowes (1544 - 1604), and although the
-profesSion of barber - surgeon continued there was more stfess on the
surgery and apprenfices were required to attend iectures at the Barber-
Surgeons Hall in london from such men as William Clowes and John Caius.

Certain chemical remedies were being introduced but were very suspect

because they were not, as yet, completely understood, although.some, such

as antimony, were'being controlled during the early years of the seventeenth
century. '

Against this background of progress it must be remembered that science,

as we know it, was still considered to be a form of magic. There were,

D - (4) Parry, J.H. The Age of Reconnaissance. New York. 1963.




~ however, two sorts of magic, as J.B. della Porta (c. 1535 - 1615)

points out%

There are two sorts of Magick; the one is infamous, and unhappie,
. because it hath to do with foul spirits, and consists of Inchant-
ments and wicked -curiosity; and this is called Sorceryeeecscse
~ The other Magic is natural; which all excellent wise men do
embrace, and worship with great applause; neither is there any
more- hlghly esteemed, or better thought of, by men(o§ learning.
5

Pofta'é Nétural Magick from which the above quotatioﬁ is taken, was

first published in 1558 and appeared in many different editions after

" that date. TIts subject matter ranged widely, including the ‘beautifying
of women, the  counterfeiting of gold, cbokery, optics, hydraulics,
pneumatics and the woﬁders of the loadstone. This book was a popular-
ised version of natural magic and is of a-low level, yet it was included

By William Gilbert in his review of the literature of magnetism, whose

Treatise on the Loadstone and Magnetic Bodies comes into the category of

learned rather than popular science.

In classical times music had been regarded primarily as a science,
and remnants of this belief persisted into the Renaissance and well into

| the Baroque.  Friedrich Blume gives us this timely reminder:

The artists of the Renaissance felt the need to couch in rules
- their wealth of sensual experience; 1like the artist of the
" twentieth century, they theorised because they felt the solid
ground of tradition quaking beneath their feet, and they clung
to what was logically and mathematically graspable to avoid
drowning in the ocean of the senses. Hence their need for a
norm, which is much more 'medieval' than 'modern' in effect and-
which makes itself especially strongly felt in music. To this
' should probably be added a further motive, the inclination to-
'Gelehreit', music, for example, still being a scientia. ILike
the artists of the Baroque, those of the Renaissance liked to
.consider themselves ‘scientific' and thus on the same level with
“the scholars. This motive behind their endless theoretical
reasonings should not be overlooked. (6)

)

That English theorists subscribed to the view that music was a science
, is born out by the preface to John Playford's An Introduction to the
Skill of Musick (1674) and the dedication of The Division Viol by
'Chrlstopher Simpson (1659), yet Thomas Morley held flrmly to the view of

the musiclian as artist. In his address 'To the Courteous Reader' he

says:

(5) Porta, J.B. della Natural Magick. In xx Books. London 1669.

(6) Blume, Friedrich. Renaissance and Baroque Music. New York 1957.
' (Tr. by M.D. Herter Norton)




:_ with more than the normal twelve notes to the octave, whilst ‘thenricts

‘eseothis work which now I publish to the view of the world,

not so much seeking thereby any name or glorye.cssss..as in

some sprt to further the studies of them, who, being endued

with good natural wits and well inclined to learn that divine
" art of music, are destitute of sufficient masters. (7)
-‘IE'was,.then, @artly as artist and partij as scientist that the musician
viewed himself, and, no doubt, as other people viewed him. It is not
unlikely, too, that he was considered somewhat of a magician, especially
'g if his personal .ability as an instrumental performer was of a particularly

hlgh standard.

_ - The quotation which opened this chapter 31ngles out the achievements

.uof the musician as creative artist as being among the triumphs of the

" late’ sixtgenth and early seventeenth centuries, but the activities of
_'.musicians-also reflected the general spirit of the period. Byrd's
IHZchhrqh music is unsurpassed, but he was one of the first composers to
find keyboard instruments a fifting means of artistic expression. This
duality“of feeling for the sacred and the secular 1s present not only in
his choice of media; but also within the scope of his keyboard music
itself where such titles as Gloria Tibi Trinitas, Clarifica Me, Pater

Salvator Mundi, and, John Come Kiss Me Now, The Woods So 'ild and

Iavolta appear in close proximity to each other. The desire to
recreate the three Greek genera, diatonic, chromatic and enharmonic,

- induced scholars to devise, and craftsmen to build, keyboard instruments

artists and craftsmen, mu51c had its 'sc1entlsts' in men: 1ike Mersenne

fwere at the came time Jnucres+ed 1n_Greek ‘droma. . As vell as its

" who was by training and 1nc11nat10n a man of sé¢ience, but whose encyclop-

' aedic work Harmonie Universelle touches upon almost every phase of

”:ﬁusical'life; theory, performance and composition.

In such an age, it is perhaps fitting that a subject such as
temperament, which stands on the borderline between the art and the
‘science of music, should be given special consideration. Friedrich Blume
makes'rgference to similarities between the later sixteenth and early
seventeenth centuries and the twentieth céntury (8); another similarity

. might be that interest in temperament is due for a revival in our

scientifically orientated age. Whether this is likely or not is open to

(7) Morley, Thomas. A Plain and Easy Introduction to Practical
Music. London 1597. (Ed. Aléc Harman 1963)

(8) See page 4.




question, but in the intervening centuries and even in the present
cenbury many of the comments made on temperament have been someWhat
confused and misleading as the following chapter w111 try to show,
and point to the conclusion that a comprehensive study of temperament

is perhaps already overdue,




CHAPTER 2.

. KEYBOARD TEMPERAMENT: SOME CONFLICTING VIEWS

Along with the meunting interest in early music which is evident
new fron a glance through a medern record or music catalogue or a copy
~ of the-Radie Times, has-come a great deal of information about the
performance of such music. Excellent new editions of works appear'
" frequently, old books on ornamentation, realisation of basses, and
performance in general are reprinted either as facsimile editioms or .
" translated and edited so.as te make the information mere readily cnm-
' prehensible to present day-musiciams, or new books are produced on the

Bubject by medern scholars.

Uhat is true of the music in general, is alse true of keyboard
music in particular, but one impertant area of the latter, namely
temperament, is given very little attemtion. It is true that it is
mentioned in most of the writings at least somewhere (it would be very.
difficult not to give it some passing comment), but the information
given is usually scanty and inconclusive, and some of it vague and mis-

. leading.

A discussion of temperament is much more germane to a discussion

of'kéyboard music than to vocal music or music for instruments which
can vary their pitch in performance. But it is net out of place in

. discussing music other than that for keybeard. Singers and instrument-
alists other than keyboard players must temper the intervals they play
or sing., . They must do so, obviously, when they are playing together-
with a keyboard instrument, but even without this restriction, their
intervals-will need to be tempered from time .to time, otherwise they
weuld-have _difficulty in keeping in tune with each other and within the-

' confines of a key, This form of temperament is flexible and depends on
the ear, technical ability and musical taste of the performer. Keyboard
temperament is fixed in the act of tuming, remains unalterable in per-

N formance, and even in a recital can be varied only slightly between works

unless several instruments bearing different temperaments are available.

The temperament uned could be governed, in our timg, by the type of
music being played, but this oppertunity is seldom taken. Equal temper-
~ ament seems to be the only temperament we accept. ‘“hilst the temperament
could be governed by the type of music if we so wished, the converse is
_ " glse likely to be true, that for a long period of time, keyboard music was
). ' governed by the temperament. Meantone temperament set the bounds of




keyboard modulation for a considefable length of tiﬁe, until, as with
‘all restrictions, the desire to extend and enlarge, broke it down.
Although the desire to éxpapd and free oneself from restrictions is a
necessary part of human development, the breakiﬁg of the restriction
is not wholly gain, and things -of considerable beauty or utilify can be
lost. . This need not be the case so far as temperament is concerned,
and there aré‘éigns that meantonsand other temperaments are making a

limited reappearance, but until~some of the apparent contradictions are

. serted out and some of the prejudice breken down, it will be difficult

to reintroduce these temperaments into public performances. Extending
this into the amateur field, until there are more spinets, harpsichords,
c¢lavichords and virginals in usé, and information or training available
for people:to tune their own instruments, it will be difficult to bring
_thése-temperaments into any other than limited areas of pfivate music -

making.

The period covered by this study is that gengrally known as the
period of the Engliah Virginalists, and extends from the last quarter
of the sixteenth century to the middle of the seventeenth century
(roughly covered, in fact, by the complete life span of Thomas Tomkins :
1572 = 1656). General references to temperament up to the late
eighteenth and nineteenth centuries imply that meantone was used.
Dispute'arises-over the temperament used by Bach in 'Das Wohltempierte
Clavier', but it seems to be agreed that nineteenth century musicians
accepted equal temperament for their keyboards, althougn the exact. point
in tﬁe cehtury when it can be clearly stated that other temperaments were
. hbandongd is difficult to establish, Statements such as the following

are typical of these generalisations.

The important thing to realise about meantone is that it
is not just a laboratory experiment in acoustics. It was for
centuries considered to be the proper temperament for keyboard

" instruments, and anyone who sang or played in consert with a
keyboard instrument was expected to conform to it. (1)

The above passage by Thurston Dart, although pointing out quite
emphatically that meantone was used as the standard keyboard temperament
‘for centuries', does not specify which centuries. Since the English
virginal school was. ~ _the first great school of keyboard music, and
equal temperament was not fully established until the nineteenth century,

then at least one of'the 1centuries' referred to must include'this

school.

(1) Dart, Thurston.. Intervretation of Music. 4th edition.
) London 1960. ©p.%0.




To support the date at which equal temperament was adopted, I

quote from the Harvard Dictionary.

The intreduction of equal temperament into practical
music was very slow., Whether Bach's famous collection of
pieces in all the major and minor keys, The Well-Tempered
Clavier (1722 - '4it) or its less complete predecessor,
J.K.F. Fischer's 'Ariadne Musica' (1715), referred to equal
temperament_or.merely a close approximation is not entirely

" clear. At any rate, the system was not wmiversally adopted
in Germany until ¢,1800, and in France and England until
c.1850. . (2) .

.  This passage is more-exact- about the time at. which equal temper-
. ament was adopted, but it does not say which temperaments it super-
seded. A little more help is given earlier in the same article in the
Harvard Dictionary. After commenting on the problem of enharmonic
| change, in particular, G sharp for A flat, it saysﬁ-

A better expedieﬁt is the -use of divided keys, which,
as 'a matter of fact, were not infrequently used in orgams of
the 16th century. However even this improvement did not
meet. the needs of the more fully developed harmonies, mod-
ulations and keys used during the 17th century. The
increased use of keys with three to six sharps and flats
necessarily led to the system of equal temperament. (3)

The article then goes on to describe equal temperament. This
leaves a very large gap. DEnharmonic problems in the sixteenth century,
(the implication that there was a G sharp but no_A flat seems to point
to meantone), the harmonic needs of the seventeenth century 'not met',
ne reference to the eighteenth century, except that to Bach quoted above,

and equal temperament in the nineteenth century, leave a lot to be
supplied by the imagination. '

Oi:her medern books_are equally unhelpful, F.E. Kirby's A Short
History of Keiboard Music does not give a mention to temperament in its
index, ami only a passing reference is given to it in the text. Vhen
speaking of Bach's Preludes and Fugues he says:

_ The designation "well tempered" has to do with Bach's
adoption of even temperament (in which the octave is divided
into twelve equal parts or semitones) in place of the mean=-

. tone system, which had been in use since the Renaissance and
which worked out well enough as long as oane did not exceed
the keys with signatures greater than two sharps or flats. (4}

(2) Apel, Willi. Harvard Dictionary of Music. 2nd editionm.
London 1970. De. . i

(3) Ibid. p. 835.

(L) Kirby, F.E. A Short History of Keyboard Music,
: New York 1%3. PP. 127-8.

9.



This reference is quite clear, except for the term 'even
temperamenty, which would appear from the description given to be
equal temperament, since 'the octave is divided into twelve equal
parts ...' - equal temperament for Bach, meantone before Bach, as

far back as 'the Renaissance'.

Robert Donington, in his otherwise very helpful book, The
Interpretation of Early-Music, is not particularly helpful on the

question of temperament. He has, however, a short chapter on the

_subject from which the following quotation is taken:

Keyboard temperament is a static temperament, which if
it flatters some tonalities, can only do so at the expense
of others.

late renaissance and bareque temperaments could flatter
the 'near' keys becauss the 'remote' keys were not ia common
use.

A favourite was mean-tone temperament .....ccccse

He then goes on to give a brief description of the temperament.

" - He continues:

Among the comprehensive range of temperaments explored
by late renaissance and baroque theorists and musicians, some
of whose compositions pass threugh the entire cycle of keys,
there were various modifications of mean-tone temperament.
esessssesss Jo Murray Barbéur ('Bach and the Art of Equal
Temperament' Mus. Quart. xxxiii, January 1947, p.64#) has
shown that [a] version of nean-tone temperament with sharp
thirds (and not equal temperament as historians have
assumed) is almost certainly the temperament for which J.S.
Bach showed his practical enthusiasm by composing his Ferty-
Eight Preludes and Fugues - and much other music in tenal-

.. ities too remote for normal mean-tone temperament. (s)

Confuﬁion reighs. Meantene tuning was used 'for centuries';

the temperament used by Bach in his Preludes and Fugues is 'not clear'
(according te the Harvard Dictionary published in 1970); a 'version

" of meantone temperament with sharp thirds seececes. is almoest certainly
the temperament for which J.S. Bach showed his practical enthusiasm ...
(in a volume directed solely to Early Music, published in 1963 and
supperted by research published in 1947); and yet, in a book on key-
board music published in 1966 there is a definite reference to 'Bach's

adoption of even temperament' which is described in terms usually

associated with equal temperament.

‘ (5) Donington, Robert. The Interpretation of Early Music.
. Iondon 1 30 PP. 7— .




- 11.

Most éf the reference to temperament in general histories are
centred rogfd Bach - meantone before, equal after. ILittle specific
mention is made of the temperaments used for the English virginalists.
Writings about this school, however, prove to be equally vague or
cogfusing. '

The following quetation; by Charles van dén Borren, brings us’

back to the Bach and equal tempirament controversy: -

. Another interesting peint of view is that of the

-impossibility of executing-the 'Ut, re, mi, fa, sel, la' of

. Bull on a keybeard instrumeant the temperament of which does

. not conform to the equal temperament definitely laid down
by J.S. Bach about a hundred years latérs In fact, as soon
as a piece included other alterations tham B flat, E flat,

. A flat, F sharp, C.sharp and G sharp, it was impessible to
play it on a harpsicherd or clavichord tuned according to the.
.rules of unequal. temperament in use in the 16th and the

. opening of the 17th cehturies, without false intonations

. resulting.. Bull must therefore have tuned his clavier to
the principles of equal temperament to enable him to perform
his 'Ut, re, mi, fa, sol, 1la' without forfeiting truth of
sound. _ (6) '

Since the above quotation is takem from a work dated 1913 (first
published in English translation in 1915), the acceptance of Bach and

equal temperament need not be taiken further. The number of accident-

als pessible in 'unequal' temperament seems rather curious - one more
than the five black netes on a keybeard - presumably the A flat was an
alternative for G sharp, altheugh the passage does not make this clear.
The_statement-fhat 'Bull must therefore have tumed his clavier to the
principies of equal temperaﬁent', however, needs te be follewed up.
Jscorroboration fer this, a foetnete reférs the reader to the Fuller -
Maitland and Barclay Squire editiem of the Fitzwilliam Virginal Book.

. Van den Borren does net quete-an actual passége, but makes reference

to the intreduction. The following appears ia the Fuller Maitland and

Barclay Squire introduction, in a discussion of temperament and the Bull

Fantasia in particular:

If this can sver have been endurable to educated ears
some sort of compromise must have been in practice, and the
fact that Zarline, before 1588, had advecated the adoption .of
the division of the octave into twelve. equal semitones for lutes
and keyed instruments, suggests that his system may have been
put into practice in England at a date long before the univeraal
adeptien ef the medern method of tempering the scale. (?)

g (6) Van Den Borren, Charles. The Seurces of Keybeard Music
] in England. English Traaslation. Leadon 1915.

(7) Maitland, J.A. Fuiler, and Squire, W. Barclay. The
: Introduction to the Fitzwilliam Virginal Book. 1899.




In addition to their discussion in the introductioa to the

Fitzwilliam' Virginal Book, the editors supply a footnote to the Bull

Hexachord Fantasia where it appears as item 51 in the boek (page 183).
This footnote reads: '
This interésting'experiment'in-enharmonic modulation
is thus tentatively expressed in the M.S; the passage
proves that some kind of 'equal temperament' must have been
_employed at this date.
Both writers are quite emphatic: the Bull Fantasia was written

to be played im equal temperament. No other explanations are offered.

. Keeping to the same pliece of mﬁsic, later writers are less con-
_vinced. .The Harvard Dictionary, in the article on the 'Arcicembalo’,
_ describes an instrument by the 'Belgian Charles Luython' called a
‘clavicymbalum universale' and goes en to say without qualification of

the statement:-

Compositions such as John Bull's fantasia on the hexachord
"Ut, re, mi, fa, sol, la" (Fitzwilliam Virginal Boek 1 183)
are evidently written for this instrument. (3)

J. Murray Barbour does net approve of the findings of Fuller
Maitland, Barclay Squiré_and van den Borren either. He gives warning
that one should net try

te build up a theery of the use of equal temperament in
England during Queen Elizabeth's reign on the basis of Dr.
Bull's composition. Remember that it stands alone. It
seems almest as if Bull had written a Fancy for four viol,
and . then by seme mad whim, had transcribed it for virginals
and tuned his instrument to suit. _ (9

This is an interesting theory, since another Fancy, this time by
‘Ebmkins. alse creates preblems with regard to the temperament used; and
the Tomkims Fancy is admittedly 'for viols'. The question is, to which
temperament did this 'mad whim' lead him to tune the instrument?

Peter Yates has 1ittle doubt about the temperament used:

. The tempered Pythagerean tuming is very effective for
-the playing of the earliest keyboard music and for the English
keybeard music as late as Purcell. It solves the problem of
_the medulations in the famous Hexachord by John Bull se
effectively that, on the example of this piece alone, the use
of tempered Pythagorean for the English Elizabethan music _
‘seems very probable - altheugh for a considerable part of the
literature a straight Pythagerean would suffice. (10)

(8) Apel, Willi. Op. Git. p. 43-9.

(g9) Barbeur, J. Murray. Tuning and Temperament. A Historical Survey.
. East Lansing. 1951. ,

(40) Yates, Peter. An Amateur at the Keybeard. London 1965. pP«256.
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The discussions on temperament in the seventeenth century centre

round the 3911 Hexachord Fantasia much as they centre round the
Preludes and Fugues of Bach in the eighteenth centurf.- General

comments on the temperament used are equally divided. . To return to

van den Berren; At the end of The Sources of Keyboard Music in England,

the following twe paragraphs appear:

A few werds, in conclusion, as to the temperament. We have
seen previously (p.328) that the performance of the first 'Ut,’
‘re, mi, fa, sel, la' eof Bull was inconceivable without applying
to the clavier a sort of-equal temperament. It is certain that
this necessity extended to other virginalistic pieces than this
schelastic work of Bull, and. that compesers found themselves in
this respect in an entirely different situwation from that of
about the middle of the 16th century, when the Spaniard Bermude
placed a crowd of restrictions on the mest innecent transpos-.
itions, on account of the unpleasant dissenances which resulted
under the sway of unequal temperament. '

~ ‘We saw above that the.virginalistic repertory contains B
flat and D-sharp, sounds very different from each other in the
scale of fifths. The D sharp is net very uncemmon with the
virginalists of the last thirty years of the 17th century; the
E flat is very common, and we meet with even an A sharp in
certain pieces. As it is ebvious that they did net tune the
instrument with a special view to a particular piece written in
a particular tonality, it must be admitted that they applied a
unified system of tuning, thanks te which a black key representing
B flat could be used as A sharp, without any dissonance occurring.
Now this was only pessible by means of the use of equal temper-
_ament, or of something very like it. (11)
_ The following clause from the penultimate sentence is in question
here, 'As it is obvious that they did not tune the instrument with a
~ special view te a particular piece in a particular tonality e...' -
'No evidence is given that 'they' did not, but it is certain that many of
‘them' ceuld have done se. The main clause of the same sentence is alse
open to doubt since a-'unified system of tuning' is accepted but net

corroberated.

Reférring again te the introduction to the 1899 edition of the
Fitzwilliam Virginal Book, the general remarks about tuning are very mis-
leading. I quote extracts from the final few paragraphs (it is strange
how temperament so often finds its place at the end of the queue, if

included at all):

(11)  Van Den Berren, Charles. Op. cit. pp. 365/6.




It is always taken for granted that keyed instruments
were tuned in just intenation, in such a way that while the
keys nearly related to C major were more or less exactly in
tune, those keys which are represented by a greater number of
sharps and flats were execrably discordant ccccecccececes

But if we take it for granted that just ihtonation was
~ the almost universal rule, it is not less clear that some
_methed, pessibly a rough-and ready one, of obtaining something
like temperament was in use at the time of date of this M.S.

(12)

The writer(s) here are very-tentative. The very vagueness shows
that these are not the werds of cenvictlon. " Even the terms themselves
are misleading., -~ 'Just intonation' is mentioned twice in the passage
quoted (and elsewhere as well), but the description fits meantone
temperament better than just intonation, and I weuld find it difficult
teo fit my notion of just intonation ints the context of the passages.
 The werds, 'something like temperament', presumably refer to equal
‘temperament, but the writer(s) are very careful to avoid committing

themselves on this point.

Hilda Andrews makes several references to the temperament of the
instfuments which might have been used to play the pleces in My Ladye

Nevell's Booke in her edition of that book. On page xxix she writes,

as a footnote:

The sung effect of such "false relations" is, of course,
softer than is possible on a keyed instrument like the
virginal, which must have been tuned on some system of equal
temperament. (13)

She takes up the subject of temperament again on page xxxiii:

The question ef equal temperament of the virginal was
raised on a previous page in the discussion of 'false relatioms'.
It cannot be disputed that some such system was in use for keyed

. - instruments in Byrd's time, if net before. .There is sufficient

_ evidence of this in the use of D sharp and E flat, and of 1¢]
sharp and A flat in virginal music, and even in the same piece,
implying a system of tuning in which D sharp and E flat were

- identical, and G sharp and A flat. In just temperament this
weuld, of course, not be the case. The cenclusion to be drawn'
is that seme system of dividing the scale into twelve equal
semitones must have been used. . (1i4)

(12) Fuller-Maitland, J.A. and Squire, W. Barclay. Op. cit.

(13) Andrews, Hilda. Histerical Note to My ladye Nevell's
Beoke. New York 1926.

(1%) Andrews, Hilda. Ibid. :p. xodii.
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There is ne doubt that the sung effect of false relations can be
sefter than is psssible en a keyed iastrument, but there is doubt
about the daductier drawn in the secend quetatiea ané stated without
explanatien in the first, that the instruments were tuned to 'some

systén of equal temperameat',

Ernest Walker is mere specific and confines his cemments on

temperaments to yet ansther discussion of Bull's Hexacherd Famtasia,

which, he says:

, is eof special interest. by reasen of the extreme
ingenuity with which the fermula is made te appear in mamy
different keys, the methed invelviag rapid medulatlens,
the netatiea of which is at times compllcatedly enharmenic;
this piece is indeed remarkable om mamy greunds, shewing
that (unless Elizabesthan ears were extraerdiaarily ia-
sensitive) seme kind of approach te equal temperament must -
have been knewn. (15)
- In a discussion of false relations later in the same beek he
refers teo 'a system of unequal temperament’. (16) This statement is
made abeut false relatioas im general rather than in keybeard music in
particular, but it seems safe to assume the reference te unequal

temperament te be asseciated with keybeards rather than veices or viels.

Te return te the secend quetation from Hilda Andrews, there are
one or two leese statements which need clarification. 'Seme sort of
equal temperament' is, in itself vague. Dr. VWalker's 'seme kind of
approach te equal temperament' is mere readily understandable if we
accept quarter comma mesantene as the standard meantone tuning and then
accept that any sharpening ef thirds amd fifths, either in regular
gysteﬁs, such as 1/5 cemma, 1/6 comma etc. which pusa the 'welf' further
inte the remete keys and reduce its size uatil at 1/11 comma (equal
temperament) it disappears cempletely, or in seme irregular systems such
" as Werckmeister's, in which thirds amd fifths varied im size, as all

Being-steps between quarter cemma meantene and equal temperament.

The refereace te just temperament could alse be misleading since
this has never been a practical keybeard temperament; just intoaation

might be a better term here.

_In his boek on Sweeslinck's keybeard music, Alan Curtis attempts a

solution te the problem of sixteenth and seventeenth century keyboard

(15) Walker, Ernest. A History eof Music ia Zngland.
3rd editisn. Oxford 1952. peil2.

(16) Walker, Ernest. - Ibid. D.391.




témperaments. ~ His whele section on temperament is too long te quote

verbatim, but he starts by assuming that keyboardsof the period were:
a : : .
'_ generally tuned in seme form of meantene temperament. (17)

The vagueness implied by the wards 'some form of meantone temperament'
is a necessity at this early stage of his argument, for he is to

~-e1abo?atemen this-later.

:'I On the subject ef retuning for differeat pieces, Alan Curtis
writes:

' ‘Enharmsenic tones in different pieces could easily be
accemmedated by retuning, er by performance on different
instruments. - Fer a perfermance on stringed keybsard
instruments, the D sharps required for one piece ceuld
quickly and easily be changed te the T flats needed for
anether, and vice versa - as they undeubtedly were even
inte the cighteenth cenmtury. - (18)

* - On this peint he is immediately at variance with the views expressed by

Charles van den Berren queted earlier-(page 13 ).
Curtis gees on frem here:

But the presence of enharmenic tenes in literature
foer the ergan, as well as within the same piece, can only
be explained by one of the follewing pessibilities:
. 1o a harshly out-ef-tune nete was tolerated occasionally,
in passing, i.e. an E flat could fuaction temperarily as a
(sharp) D sharp; 2. the werk was intended for an instrument
. with split keys, i.e. the accidental between D and E weuld be
divided, one half eperating a string or pipe seunding D sharp,
the ether half E flat, forming aceustically perfect thirds
. with the tenes B and G respectively; 3. seme form of equal
- temperament was applied te keybeard instruments, at least for
. chrematic pieces; 4. . some medificatien of meantene tuning
- ., was empleyed, as for inmstamce the irregular system of Arnelt
-© ' Schlick. . : - (19)

.F"He'then goes on to elaberate seme of these prepesals but cemes

dewn in favour of the feurth. It néew becemes ebvious why he chese the

- expression 'some form eof meantene tgmperament' earlier in his expesitien,
because he later refers te twe theerists whe prepesed medifications te
meantene, Arnelt Schlick, in the paséage queted, and Werckmeister. It
is ene or other of the pessible medificatiens te meantene which he

- puggests may have been used fer the mere highly chrematic pieces.

(17) Curtis, Alan. Sweelinck's Keybeard Music. Londen 1969. p.143

(18) Curtis, Alan. Ibid. p. 145,
(19) Curtis, Alan. Ibid.- pp.145/6.




- The whole picture is very difficult to see through such mists of
‘confusion. which momentarily give a clear giimpse of this or that portion,
but never allow the whole landscape to be revealed. Some of the con~
fusions -are caused because in none of the instances quoted is a complete
'scene' ‘attempted. To do this, information about scales, intervals and
temperaments used the 1ns+ruments available, and a close look at the
keyboard music 1n question needo to be collected in one study, in the

hope that some useful summary of the situation can be attempted.
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CHAPTER 3.

Y

THE INSTRUMENTS.

A detaiied histery of the keybeard instruments in use in England
during the late sixteenth and early seventeenth centuries would be
-inappropriate, but, for-a variety ef reasoms, a brief description of
the mest impértant as well as the most unusual of them is necessary if
enly to clarify such misleading definitiens as, "the ciavichord was a

sert of spinet resembling the virginals." (1)

_ Apart—fromfthe~organ, the keyboard.instruments in cemmen use
were th§~spiggt, the virginal (er virginals), the clavicherd and the
harpsichordafaiThe word virginals er a variant of it would probably be
‘used in England up to abeut 1650 te mean harpsicherd as well as the
smaller instruments we new usually call virglnals. Large instruments
were in use in England, ne matter what they were called, as surviving

instruments and the title page of Parthenia Inviolata show. An early

reference appears in the Privy Purse expenses of Henry the Eighth in
1530: -

. (April) TItem the vj daye paied to William Lewes for ij
payer of virginalls in one coeffer with iiij stoppes brought
te Greenewiche iij 1i ececscsces. and for ii payres of
virginalls in ene ceffer brought to the More other iii li. (3)

Raymond Russell says of this emtry, “"this appears te have been a double
harpsicherd with four steps. 1530 is very early for such an instrument
veesssssesssssy but ne other meaning for the entry seems pessible." {4)

"Even theugh the word virginals was used indiscriminately for key-
board instruments, it must semetimes be taken literally. - For instance,

at the time of the Fire of London, Samuel Pepys wrote:

River full of lighters and boats taking in geeds, and
goed gosds swimming in the water; and only I observed that
hardly one lighter in three that had the goods of a house in,
but there was a pair ef Virginmalls im it. ;(52.

Altheugh seme of the instruments might have been harpsichords, it is
likely that mest of them were virginals, because Pepys does alse use the
words harpsicherd and spinet:

PN -

1o Greve's Diciiocary or Mucig. and Musizians, SthtFditioa. Iondoﬁ

© 1954,  Article on Virginald, aroting Zesece 1823.

2. The pre<ent discnssion.is 1imi:ed to the plucked instrumcnts,

; vhish ave more often associated with the repertory under djscussion.
P2, Geove's Uictionwry of Music end lusicians. - 4th Edition. Londen
' 7Ch, — Article on Harpsichord.

' h, Puscell, Raymond. The Harosicherd end Cloavichord. “eudew. 1959.
5. kepys, Semuel. Diszry. Eniry for 2nd September 1665

O




19.

Thence all my peoplé to Deptford to see Balty, while
I te buy my espinette, which I did new agree for, and did
at Haward's meet with Mr. Thacker, and heard him play on
the harpsichen, se as I never heard man before I think. (5)

'Virginals were domestic instruments and mere likely to be found amoig
the- ether heuseheld qhattels being maved out of the path of the fire
than the- larger harpsicherd, althsugh spinets and clavicherds weuld
alse have be;n used in heuses and could have appeared on the lighters

" and beats. It is unlikely that Pepys wsuld have cenfused the
instrum?nta by their outside shape, except perhaps virginals and
clavicherds thph are beth-rectangular, but the virginals weuld

‘generally be the larger instruments.

. Since there was such cenfusisn ever the use of the werds, the

descriptisen "English virginalists" and the titles Fitzwilliam Virginal

‘Boek and Ben Cesyns Virzinal Beek are equally suspect. They weuld be

..mere correctlj referred te as "English keybsard players" er "Ben Cesyns
besk of keybeard music". This has seme sigaificance in the study of
temperament since the instruments are differsant and seme weuld be more
likely kept in geed tune tham others. If the virginals was the
"upright pians" ef the day, as Raymend Russell suggests (6), we could

expect that many ef them wauld suffer a similar fate as their medern

counterparts se far as tuning is cencerned. Harpsichoerds being bigger
 and mere expensive, might well have been kept in better tune and,

bécause of their size, meved less frequently. Thej might alse have

been kept in tune by tuners mere versed ia any "medern" metheds of

tempering.

~ The .werd firginals new usually means the rectangular or pentagenal
instrument in which the strings lie parallel te the keybeard, ‘and pass

over twe bridges beth of which are on the seunding beard. The instru-

‘ments vary in size, but are net particularly small. There are

4 .
surviving examples ef deuble virginals in seme of which the twe keybeards
are fixed in pesition (7), but im ethers, the smaller, octave, instrument
would be carried inside the case of the larger but remeved for playing (8).
The actien is similar te that of the harpsicherd, but more than one string
. for each key is rare.
(5) Pepys, Samuel. Diary. Eatry for 13th July 1668.
(6) Russell, Raymond. Op cit. .21
(7) Ibid. Illustratien Ns.20 :

' (8) Ibid. Illustratien Ne.29




The spinet alse has the same type of plucking mechanism as the

harpsichord but is always a wing shaped instrument. The strings run

- . off at an angle to the keybeard but enly one bridge is on the sounding

beard; the ether is on the wrest plank. Mere than one string to a
~ note is net commen, but Mersenne describes a spinet with a variety of
" - . stops:
Andthe first commen stop, which is the basis ef the
.others, can be called the fundamental-stop, te which is
~ sometimes added a similar step at the unison and anether at
. the octave, se as to render the harmony fuller, and so that
. it can haye a greater effect in the concerts and on the
listeners. .. One can add further another stop of the third
of the fifth, seme of which will be able te have lute strings
and ethers brass or steel. These are all the stops that
. have-been used to the present, which are called the deuble or
~ triple spinet. (9)
. This description fits a harpsicherd better than a spinet, but the French
'espinette' is mere cerrectly translated as spinet or virginals than as

harpsicherd, which weuld be 'clavecin’,

The clavichord differs eatirely frem the other instruments. The
strings are struck by metal blades er tangents, not plucked by quills or
. leather plectra. The resultant sound is much sefter, but can be graded
~in intengify within the restricted dynamic range of the instrument, and
since the tangent can be kept in contact with the string, a vibrate
(bebung) is pessible which is not available en the other string keybeard
instruments. The clavicherd is the smallest in size except for the

octave type of spinets and virginals, and it gives the smallest sound.

"_The-harpsichord was-the largest of the stringed keybeafd instruments
andICapabie of the greatest variety in seund. It usually had one or twe
keyboards and a variety of stops to alter beth pitch and quality. Larger
instruments with three manuals were alse mgde, but the only reference to
an English instrument of this size is later (1774) and the instrument
-itself has net survived. There is a three manual instrument in the
Rﬁssell Collection at Edinburgh University made by S. Belcioni in 1627.
The manuals, bottem to top, are 8', 8' and 5'; the instrument is

believed to be of French erigin.

Seme twe manual instruments were. designed to facilitate the trans-
position of accompaniments by a fourth or fifth. Many of these
jnstruments have been altered, but one, at least, remains fairly well

intact and again is in the Russell Cellection. This harpsicherd was

(9) Mersenne, Marin.. Harmonie Universelle (1635).
Trans. Chapman. The Hagua. 1957.
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built by Jan Ruckers in 1633. The upper manual range is from C/E -
c3 (95 notes) and the lower manual C/E - £3 (50 notes). The keys are
se aligaed-that F - £3 on the lower manual play the same strings as the

upper manual keys C -~ c3. TFive extra sets of strings are provided

for the'remaining lower manual keys. This instrument has twe wrest

pins set clese tégether for the E flats, Of this arrangement Raymond
Russell wrete: - '

k4

_ One more original feature of the harpsicherds built in
the Ruckers workshops must be mentioned; this was a very
primitive attempt te get rid of the 'welf' - the interval
which in meantone tuning was aggressively out of tune,

This interval was usually A flat - E flat, and fer each

E flat the Ruckers provided twe strings er beth the eight
and the four foet stops. These tws strings ran, almest
touching, over the nut, were plucked together by one jack,
"and were hitched tegether on the hitchpin rail. Signs of
them can often be detected at these peints and alse at the
turing pins. The Ruckers always arranged the pins in twe
straight lines, one for the eight foet and ene for the four
foot, and at the E flats a second pin standing forward frem
the first will often shew where. this crude system was in
use. Van Blanckenburg (1739) tells us that Francisce de
Salinas recommended quarter teones for keys E flat amnd D flat,
and says 'I have seen several large organs and clavecins of
Ruckers with these additions ececcs..’ (10)

Further investigation has uncevered the true reasen for these extra
strings. The lower manual G sharp on the transpesing instruments is
in alignmeﬁt with the upper manual E flat. In meantone tuming the

E flat weuld be toe sharp to'give the correct note on the lewer manual,
and anether string tuned to D sharp is required (seunding as a true

G sharp en the lower manual). The strings were net soun&ed together
as Raymend Russell suggested, and it is an ingenious; far frem primitive

device for keeping the 'welf' in the preper place on each manual.

To extend the seunding cempass of the keyboard, twe shert octave
bass systems were in cemmén use. Since the lower accidentals were
required less frequently, the last few netes of the instrumeat were
tuned te diatonic notes enly. Such a keybeard migat loek as theugh it
ran frem E - d3, but, in fact, the low E weuld be tuned to seund C, the
F‘sharp te seund D, G sharp to seund E, the F and G would sound normally
and the chromatic scale weuld begin en A. Many early instruments show

"BB as the lowest note. This was tuned to sound GG, C sharp to sound AA,
D sharp to seund BB, C and D weuld bes correctly tuned and the chromatic

scale weuld begin on E, Te gain the best of both worlds the other

(10) Russell, Raymend. The Harpsichord and Clavichord.
' London 1959. p.lib.
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system divided the twe lowest accidentals, C sharp and D sharp or

F sharp and G sharp, inte tws independent keys. The back part ef the
key was then tuned to the cerrect netes and the front part to the
shert ectave. This latter system was semetimes knewn as the broken

octave to distinguish it frem the more commen short ectave.

__As well as the orthedex instruments just referred to, there were
many attempts to make keyboaid instruments with mere than- twelve
different keys te the octave,.because as Mersenne says, 'the keybeoard
of thirteen keys to the-ecfave[:he includes the starting nete at tep
and bettom] cannet have all the-just consenances, Whatever dispesitien
can be éi?éﬁ—thema' (ﬁi) He advecates a-'perfecﬁ harmenic keybeard
with nineteen keys te the ectave.' Such a keybeard would have a
split keé for D and twe netes where our single black netes would be,
- making ten black netes and nine white (as the starting nete was.
.repeated, there were only.eigﬁteen different netas). He alse shows

possible keybeards with twenty-seven and thirty-twe keys to the ectave.

In music, as in other aspects of life, the Renaissance meant the

~ rebirth eof interest in the classical werld. It meant the rediscovery
of ancient theeries, and attempts te put seme of these theeries inte
practice. The Florentine camerata began bf trying to revive Greek
drama. As it eventually turned out they set musicians on the path te
opera. Other revivals bere less fruit and the attempts to comstruct
instruments te play in the three Greek genera, diatenic, chromatic and
enharmonic, fall jnte this categery. Nevertheless, instruments were
made and weuld have been played upon, which means that the music played
must either have been compesed for the instrumeats or altered in seund

. by being played en them. That these instruments did net find general

faveur ameng musicians is berne out by some of the following quetatioens,

" but descriptions of the instruments are precise and at least one is

still in existence.

Vite Transuntine, an early seventéenth century instrument maker,
preduced a four ectave harpsicheord én which each accidental is divided
inte four keys and am extra key, divided inte twe parts, is previded
between each of the natural key semitemes, making thirty-twoe keys te
each ectave, and ene.hundred and twenty-five on the keybeard as a whole.

This instrument was inspired bj the compeser gnd theorist Nicela

Vicentine whe suggested a keybeard te include the three Greek genera(12).

(11) Mersenne, Marin., Harmenie Universelle (1635)
: Trans. Chapman. The Bague. 1957.  P.l34:

(12) Vicentine, Nicola. L'Antica Musica Ridotta alla Mederma
Prattica. Reme 1555.




A phetegraph of this instrument appears in Russell (13). It is a single
manual instrument with one eight foet register and one set of jacks.
Anether iégtrument described by Vicentine (14), alse capable of playing
all the notes ef the three genera, had six manuals with thirty-ene keys

te the octave,

Twe instruments are mentiened by Martine Pesenti (15). One built
by Demenico.de.Pesare in 1548 had twenty-four keys to the octave, the
other built by Vite Tranauntim had twenty-eight keys to the octave (16).

‘Grove's Dictienary ef Music and Musicians refers to an enharmonic

instrument made for Zarline.— The maker is named as Domenice Pesarese,

se this may havs been the instrument mentiened abevs. Greve's Dictionary

goes on to say that Burmey went te see an instrument with enharmenic
" netes made.for Zarline at Venice (pessibly the same instrument again),
when it was in the pessession of Pescetti's widew, Signera Mencini, and
he declared that 'the mechanism and tone were se bad, that ne tuning
could render its sound agreeable'. This instrument was eventually
sent over to England. Burney alse says:
I copied Zarline's instructions for tuning it, frem his own
handwriting, en the back of the fersheard; but I shall
reserve them, and the particular descriptian of this curiocus
instrument, for the H@story of Music, te which they more
properly belong. (17)
Tt is unfertunate that his Histery of Music dees net fulfil the premise
given abeve, ner is there any verification of the statement that the

instrument found its way to England.

There is, however, verification fer an ennarmenic instrument made-

. ‘and/er -ewned by Charles Luythen.

A simplified instrument of greater practical impertance
built by the Belgiam Charles Luythen (1556 - 1620). It had
eighteen keys te the octave, namely in additien te the
diatonic netes C sharp and D flat, D sharp and E flat, F sharp
and G flat, G sharp and A flat, B flat, E sharp and B sharp.
This instrument is called "Clavicymbalum Universale'

(M. Prasteries in his Syntagma Musicum Vel.2, 1618, praises it

(13) Russell, Raymend. Op. cit. Plate 13.

(14) vicentine, Nicola. Op.cit. and Descizione dell

: : Arciorgane, 1561.

(15) Pesenti, Martine. Praface to Correnti, gagliardi e
Ballei ...... libro quarto. 1645.

(16) Crove's Dictienary of Music and Musicians. 5th edition
Article on Enharmenic Harpsicherds. ,

(17) Burney. The Present State of Music in France and Italy.
Lendon. 1771.
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as 'instrumentum perfectum si non perfectissimum'), permitted
enharmenic change and msdulatien in all keys witheut the
cempramise of equal temperament. ' (18)

The.existence of such an instrument is mentioned in Grove's
Dictionary ef Music and Musicians (19)but some of the facts differ from
these abeve. Charles Luythen was bern in Antwerp abeut 1556, spent
mest of his .life in the service of the Imperial Court at Vienna and

Pragiue, and died in Prague in_1620. Praetorius had seen in his
poséessian at Prague a 'clavicymbalum' manufactured in Vienna, on which
different keys were previded for twe distinct semifonés between each
‘whele teneé te ensure pure najér thirds and te allew the transpesitien
of the Church medes en any key. Twe keys were inserted between the

- semitones E - F and B - C for enharmenic medulatien, and the feur octave

keybeard C - ¢c3 contained seventy-seven keys.

wé learn that Luythen's pensien, granted in 1611, was coentested in
1612 when Rudelph II, whe granted it, died. The arrears were never
paid. In 1613 he was obliged to sell his harpsicherd. It is not
‘stated whether this was the 'clavicymbalum® or just an ordinary instr-
ument. He died, unmarried, in 1620 and the heirs te his estate were
his-bféther, Claude, a teacher in Antwerp, and his sisters Clara and
Sibilla. If the estate still included the 'clavicymbalum' there is ne
clear evidence whether this instrument came inte his heirs' possession

' in Antwerp or was seld in Prague.

Sir Jehn Hawkins makes several references te emharmenic instruments.

. Altheugh his histery dates from the eighteenth century, his cerreberatisen

of some ef the facts is helpful. Of greater interest are his reperts

" on hew the instrumemts were viewed by his.predecessers and contemperaries:

- veecees (Galeazze Sabbatini of Mirandela, made a beld effort
-and gave a divisien ef the Abacus er keybeard, by means whereef
he prepesed teo exhibit all imaginable harmenies, but it seems
that nene of these divisiens were ever received inte practice
vesesesss One Nicelaus Ramarinus, in the year 1640, invented a
keybeard simple in its divisien, but changeable by means ef
registers.......s but neither was this contrivance adepted ecse.
vee.. Gio Battista Deni, in his treatise De Genera e de'
Medi della Musica, cap. I. pretends to paint eut how many
absurdities in his Vicentine's] divisien of the tetracherd
for the purpese ef intreducing the ancient gemera inte modern

(48) Apel, Willi, Harvard Dictiemary of Music. 2nd Editien.
. Lenden 1970. Article on Archicembalun.
(19) Greve's Dictionary of Music and Musicians. 5th Edition.
Article. en Karel Luythen.
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practice, and treats his inventien of the Archicembale
with great contempt ....cccceeesse And as touching that
divis}en of the octave by Vincentine which Doni and others
are said to have impraved, the late Dr, Pepusch is clearly

- of the eopinien that it was perfectly agreeable te the
dectrines of the ancients ...eee -~ (20)

Hawkins takes up the subject again.later when writing abeut Salinas:

In:the thirteenth and subsequent chapters of his third

beek, Salinas treats of the temperament of the organ and

~ other instruments. He says of the human veice that it is
flexible.eess.o but in the organ and eother instruments where
the seunds are fixed and are net determined by the touch ef
the performer, he says _that the tenes are of mecessity
equal, and that this equality is preserved by the distri-
butien of the three commas, by which the three greater tones
in the diapasen exceed the lesser ones, se that by this

.- distributien, the censenances and lesser intervals participate
.of that dissenance which in seme part of the system or oather
is eccasiened by the comma,

The system thus attempted is called by the Italians
Systema Participateccecvese '

The fertility ef Salinas's invention suggested te him
other temperaments which he described with his usual accuracy.
After stating and cemparing them, and giving the preference
to the first he preceeds in chap. xxvii te shew the had cen-
stitution of a certain instrument begun te be censtructed in

Italy abeut .forty years befere the time of writing his beek,
that is te say, abeut the year 1537, comcerning which he says

.. that this instrument was called the Archicembalum, and that
it divided each of the tenes inte five parts..cccecccececsscs
He says that as the diapasen centains six tones and a diesis,
it divided the eoctave inte thirty-eme parts but that they are
dieses he absolutely denies. He then proceeds to peint out
the defects of this instrument, and prenounces of it, that

. it was effensive te his ear, and was net comstructed in any

* . truly harmenical ratie. (21)

" Anether reference in Hawkins appears when he is discussing Bettrigare
(Hercule Bottrigare) 'the auther' in the passage below and his beek

I1 desiderie euvere de cencerti di varii strementi musicale published

in 1594:

After this general account of the instrumeats,.the
_ auther mentioens certain- others which he himself saw at the
palace of the duke [éx Ferrara] , and were there preserved
for their antiquity, and ethers in respect of the singul-
arity of their censtructien; ameng these he takes notice
. of a curious ergan, formed ts the resemblance of a screw,

{20) Hawkins, Sir Jehn. A Ceneral History ef the Science
' and Practice of Music. Reprint by Dever New York
) 19630 Po 395"60 .

(21) Tvid. p. #15-6.




with pipes of bex-weed all of one piece like a flute; and
a harpsicherd invented by Don Nicola Vicentine surnamed
Arclmu31co, comprehending harmenic genera., He adds that
the miltitude of cherds in this astonishing instrument
renderad it very difficult to tune, and mere ss to play;
and that for this reasen the mest skilful performers weuld
seldem care .to meddle with it; nevertheless, he adds, that
Luzzasce, the chief erganist of his highness, whe it is
suppesed must have understesd and been familiar with the
_instrument, was able te play en it with wenderful skill,
He says that this instrument by way of pre-eminence was
called the Archicembale; and that after the medel of it
twe ergans were-built, the ene at Rome, by the order of the
' Cardinal of Ferrara, and the other at Milan, under the
- directien of the inventer Dem Nicela, in er absut the year
' 1575,~whe-died-of the plague seen after it was finished. (22)

" .One finalldetail.about the instruments which has-some bearing on
témperamént-remaips to be described. Sinée'the ‘welf' interval in.
meantone tuning is the apparent fifth, G sharp te E flat, eff&rts have

' been made te alter these twe notes enly. Seme organ bullders were

a - prempted to érevide twe more-pipes to the octave for each step to give

G sharp as well as A flat and D sharp as well as B flaf. To accemplish
fhis_the apprepriate keys were divided, the front half ef the key giving
one note and the back half the ether. This device was adepted as early
.as the sixteenth century, because Salinas recerds that he found it en an
organ in Flereince. Father Smith went half way when he built the Temple
Church ergan in 1684 and divided the G sharp key in the middle, raised-
the back half of it and tuned it te A flat. "

Such additiens te keybeards did not meet with much success and
we find Reger Nbrth writing:

Seme experiments have bin made, by mere additienal
pipes which they call Quarter Netes, te gain a perfection
of the tune; but ever and besides the increase of charge

. and incumbrance in the fabrick (sufficient disceuragement),
they find it will net by any means be obtained te answer all
o o the scales as may be required. = Therefore the nicety is

4 - drepped and the masters are centented. (23)

" This view was endersed by Rebert Smith when he wrete, 'The 0ld
expedient of intreducing some of these seunds (D sharp, A sharp, A flat,
D flat, G flat etc.) by inserting mere keys in every octave is quite laid

aside by reasen of the difficulty of playing upen them.' = (24)
(22) Hawkins, Sir Jehn. A General History of the Scierce and Practice
of Music. Reprint Dever New York 1963, ~ p. 446.

(23) Nerth, Reger. Theery of Sounds. London 1726.
(2%) Smith, Rebert. Harmemics. Lenden (?) 1759.




Harpsichords as well as organs were made with divided keys. An
instrument owned by the Brussels Conservatoire, made in 1619 by Boni
of Cbrtona, Bas each G sharp and E flat divided. The lowest octave
of'the_instrument is short and the F sharp and G sharp are divided to
"give D and E at the front and a chromatic sequence at the back. On
the rest of the keyboard each E flat is divided to give D sﬁarp at the
front and E flat at the back. Similarly each G sharp key gives G sharp
at the front and A flat at the back. - Details of some other Italian
* instruments with split keys-are given by Frank Hubbard (25). Those
mentioned date from 1501 to 1711-and are only some of the instruments
which héve_survived. _ Two of -the instruments are by Boni, of whom
Mérsenne remarked that he made good harpsichords with split:  keys thaat
one could tune perfectly. There is no evidence that English harpsi--
chords had such devices; the split keys which occur are concerned with

“the short bass systems previously described.

_ The foregoing descriptions have been pfesented with very little
attempt either to follow up obvious implications for particular pieces
or to draw conclusions about the temperament in general. Such con-
siderations have been left for a later time when dealing with the music
in more detail, because the music must ultimately be the deciding factor.
The instruments, except for those with a large number of keys to the
octave, could have been tuned in many different ways. Twelve notes to
the octave could mean any of the regular meantone tunings, many irregular
tunings and equal temperament. It seems likely that since many more
 theories about how an instrument should be tuned were being discussed
-than.would now be considered, some of them might well have been put into.
practicé. It seems equally likely that although there were enharmonic

instruments,-most keyboards contained the usual twelve notes to the octave.

Some of the extracts above suggest that musicians were cautious in their
approach to these novelties because of the difficulties presented in
tuning and performing on the instruments as well as the increased cost
and size. Unless the tuners were an army of revolutionaries some
‘standard system of tuning would be accepted and deviation from this would

only be for special purposes.

The tuning of a stringed keyboard instrument would probably be well

- within the abilities of most composers of the day, but whether or not

(25) Hubbard, Frank. Three Centuries of Harpsichord Making,
Cambridge, Massachusetts. 1965. p.%.
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they practised this particular ability is not documented. Practical
musicians are eoften sceptical of the theorists and learn more from
the written music of their fellews than frem reading. It is

unfertunate that the'written music dees not always carry with it the

_ exact specifications-@f the temperament. Keybeard players are mere

likely te play other peeple's music on the temperament te which they

' themselves are accustomed rather than make enquiries absut any variations

intended unless the written netes demand such enquiry. In this way,
ideas abeut ferm aand figuratien wouid be disseminated much mere widely
ameng musicians tham weuld slight fluctuations ef temperament. There
is all the mere reasen then te-make use of the few facts that the

mﬁaic_does reveal, te tell us abeut temperament and study them with sSeme

care.
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_CHAPTER L,

. ) .“‘, .
SCALES, INTERVALS AND TEMPERAMENTS. ™

"If we tune upwards frem any given nete in a series of octaves,
peffect fifths or true majer thirds, we never reach a unisen again
between the netes of .any tws of the series however far we go". (1)
Any attempt :therefore teo £it true fifths, thirdé and ectaves together
inte a fixed temperament is deemed te failure. The discrepancies
which.will result in any such'attempt are as fellews: feur perfect
fifths exceed tws octaves and a true majoer third by a comma (the comma
of Didymus, or, mere commenly, a syatemic cemma): twelve perfect
fifths exceed seven octaves by the cemma of Pythageras: eight perfect

fifths and a majer third exceeds five ectaves by a schisma: ene octave
. exceeds three true major thirds by a d1e31s. To glve seme idea of the

size eof these intervals, there are eleven schismas in a synrtenic cemma,

:twelve in a comma of Pythageras, and twenty-ene in a diesis. A diesis
is slightly mere than ene fifth of a whele tone. In the performance
of music these discrepancies must be eliminated and it is their

eliminat 1on which we know as tempering.

All music needs te be tempered, but when we refer te temperament
we usually mean some sert of divisien ef the octave inte twelve netes
suitable for use on a keybeard. A scale, being a succession of notes,
is dependent on the type of temperament selected. In vecal music, and.
en instruments which have the freedem te alter pitch fractienally at
will, scales can be changeabley but on a keybeard where the tuning is a
cémpremise between that which is desirable and that which is telerable,

*. the néte relationships in a scale-are frezen inte a selid form in the
~act of tuning and cannet be altered in performance. They cannet even
be drastically altered between items in a performance because of the
'length of time invelved in tuning and the undesirability ef the inter-

ruption.

The sentence which epened the last paragraph neads seme qualif-
jcatien. Temperament is a harmonic rather than a meledic necessity,
because there can be ne questien of dissenance between notes played
censecutively. It was Helmheltz (2) whe first effered an explanation

of the nature of dissenance. . The effect of notes beating when nearly

(1) 1lleyd, L.S. Iatervals, Scales and Temperaments. London 1963,

3 - " (2) Halmheltz, H. On the Sensation of Tene. Trans. 1385 by
- A.J. Ellis.




appreaching each other in pitch but net exactly in tune with each
other, and the dramatic difference which is evident when the netes de

ceincide exactly, were knewn long befere Helmheltz but he it was whe

'flrst explained that dissenance between tws netes at.some distance from

each other was caused by beating between the respective harmenics of

the netes cencerned. The reasen for this can be seen from Example 1:
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The semibreves, in the abeve example, refer to the netes to be seunded
together, the crotchets refer te the harmenics of these notes. In each

case the harmenics are centinued far enough to reach a unisen.

If the octave er fifth is mistuned, the unisens between the

harmenics will be mistuned and they will beat. Since the lower

'harmonicé are mere pewerful, the beating will be mere neticeable with

the octave and fifth than with the third and sixth. In the latter twe

intervals, the disturbed unisen weuld be between fainter harmenics.

We would be less censcious of mistuning between thirds and sixths

thersfore than we weuld of the mistuning of ectaves and fifths. For
this reasen octaves and fifths are said te be sharply defined.

Added te this, the thirds and sixths each have a pair of harmenics
a semitone er a tene apart. These harmenics tee will preduce beats
which will further ebscure the beating of the fainter mistumed unisen..

Imperfect cemcords have vaguer outlines than perfect concerds, while the

eutlines eof discerds are even mere vague. This, as L.S. Lloyd says (3),

is perhaps the explanatien ef the ‘perfectness’ of a perfect interval.
It is alse the reasen for the fifth (and its inversioen, the fourth)

being of such fundamental impertance in tuning keybeard instruments.

(3) Illoyd, L.S. Intervals, Scales and Temperaments.




Scales are the result of general usage. As Sir Hubert Parry

" says: "Scales are made in the process of endeavouring to make music

and centinue to be altered and medified, generation after generation
even till the art has arrived at a high degree of maturity" (4).

W.C. Sabine attributes the erigin of the scale fo the harmenics cen-
tained in single netes. He builds his theery, which formed his Vice-
Presidential Address to the American Asseciatien fer the Advancement
of Science,=Chicags, in 1907, Sn the facts of reverberatiem. Taking
as his starting point the fact that the musical scale we use grew up
ameng dwellers in stene -buildings, frem caves te cathedrals, he faints
out that seunds made in successien in such buildings de net remain in
iselatien, but merge te form cherds, The beating caused by dissenances
weuld tend te make the netes chesen to fallew each sther in successien
these which weuld give the best cherds. ‘Whether this 18 the true
explanation or net, the fact remains that the basic netes of the scale

form the tenic, dominant and sub-deminant cherds, er, in ether werds,

"the cherds formed on netes mest closely asseciated to each other in the

harmenic series.

The eight nete diatenic scale se formed was the material of the

' Church medes. -Depending on which nete ene begins, so the pesitien of

the semitones will change. Musical theery from the time of Guide of
Arrezze was based on the hexacherd rather than the full diatonic scale.
Hexacherds beginning en C and G (hexachordum naturale and hexacherdum
durum) weuld be cerrect using only the netes of the diatenic scale, but
the hexacherd which begins on F (hexacherdum melle) weuld need to have

its fourth nete flattemed to make the run of netes the same as in the

" other twe hexacherds. If these were to be the only netes required, a

keybeard needs just the white netes and a B flat. - Such keybeards did
exist, and.as late as 1619 Michael Praeterius (5) makes mention of them.
In practice, because of the transpesitisn of medes and the licences
permitted by musica ficta, mere netes were required, and keybeards. were
extended teo give all the diatenic netes and the permitted accidentals
of medal practice. The keybsard s» fermed is the ene we still use.
The difference is that the netes on the keybeard, because qf the
censtantly changing nature ef their functiems ever the years, have beean

subjected te various metheds of tuning,

(4) Parry, Sir C.H.H. The Art of Music. ILondon 1896.
(5) Praeterius, M. Syntagma Musicum. ‘elfenbuttel 1619.




Using fifths, fau;ths and octaves enly from a given nete (let us
say c'), ene of the simplest scales te preduce would be the pentatonic
scale., -It ceuld be tuned as follews:

— T~~~ 'ﬁ

octave

d/”_ii?gif__—-‘ﬁ§
S—feurth S %

so.the—netes—produced"would be _

: c 4 f 2 a c
The other twe notes to complete the alphabetic sequence ceuld easily be

tuned: |
o Tifth
e¢$§=£gﬂﬁff_——”a b
o If all the intervals used for tuning were exactly true, the freguency

raties for each nete would be:

c d 4 g a c
¥y 3 22
1 % - 3 2 16 2

and for the cemplete scale:

b ¢

- a
81 & 3 22 23
1 % 3 3 % B 2 (frequency)

| ran |
%%%% %% % (interval)

Theféecond row of raties, which represent the intervals, reveals
A consistency in the tones and semitenes of the white netes of a keybeard.
The resultant scale is the Pythagerean diatenic scale, the interval with
ratio 9 ¢ 8 is the Pythagorean whele teme and the interval with the ratie
256 : 243 is the Pythagerean diatenic semitene.

c d e

If this methed of tuming is carried on inte the tuning of the black
notes of a keybeard, the nete £l sharp, a fourth beleow b’ weuld be
represented by the ratio 750 : 512, making the interval f! sharp te g!

a Pythagorean semitene (ratio 256 : 243) as before. " The £' to £' sharp
interval, hewever, weuld be in the ratie 2187 : 2048; this is a
Pythagerean chrematic semitene and is slightly larger than the diatenic

semitone.
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‘This is net the enly difficulty. If the system of tuning is
continued until b! sharp (the enharmenic equivalent of c'!) is reached,
the interval between these netes weuld be in the ratio 531441 : 524288,
This means that the b’ sharp wsuld be higher than the ¢/ by a small

interval which is known as the cemma of Pythageras.

If this scale, cither an its chromatic or its diatouic form, is used

for music in which ch;fds-are;necessary, the major thirds ef the cherds

will be sharper than true and the miner thirds flatter than true.

Considering thirds mere clesely, three main types can be iselated;
true thirds, censistently tempered tnirds and inconsistently tempered
thirds.. The first categery is self evident, the second is that inte
which the thirds in a regular temperament (e.g. equal temperament, or
Pythagoréan tgmperament) weuld be placed, and the third categery weuld
include.thirds which vary threugheut the temperament, such as these which
would be pre@uced by oné of the irregular temperaments described by
Werckmeister, and thirds which form passing netes in music played by

instruments with flexible pitch.

A tfue major third is fermed between twe notes when the fifth
harmenic ef ene is in unisen with the fourth harmenic of the other.
Since it is a less sharply defined interval than the fifth or ectave, it-
is more difficult for the musician te 'hear' it in tume., The beating
" between the fourth harmenic eof the lower nete and the third harmenic of
the upper note is part of the reasen for this since they are cleser to
the fundamental nete than the harmenic which sheuld be in unisen. Even

se, the 'stillness' of an in ture majer third can readily be recegnised.

: The mest likely majer thirds te be fouad in the secend categery are.
: these which weuld be preduced-by a Pythagerean or-by equal temperament.

- The majoer third of equal témperament is a wider interval than a true
majer third., It is arrived at by tuaing all fifths flat by one twelfth
of a Pythagerean cemma to allew for that comma's disappearance ever a
series of twelve fifths and se make that series fit exactly inte seven
ectaves., This third is a by-preduct of the temperament and its sharp-
ness is se neticeable that piane tumers often refer to it as a 'ruaning'
third because the beating is se obvisus. A Pythagerean third is alse
the by-preduct ef the temperament, and is even sharper than the equal
tempered major third. Although it is acceptable meledically, and, in

fact, is eften preferred by vielinist, it suffers harmonically from the
same defects as any other mistumed third, as will be explained later.
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The third categery can bz subdivided. The first subdivisioen
jincludes thirds preduced by an irregular temperament. In an
irregularitempefament,_the ameunt of alteratien to each interval varies
in different keys. Fer instance, the major third between c and e
would -likely be sharper than true, but net as sharp as an equally
tempered majer third, whilst the third d flat te f would be sharper
--than-an equal tempered-third., In this way some of the mere frequently
used major thirds weuld be keﬁt nearer to true than their equally
- tempered ceunterparts weuld.pe, but the less used majer thirds would be

worse, altheugh all weuld be telerable.

The-secend-subdivisien weuld include thirds made between parts by
instruments with flexible pitech. In this case the width of the third
produced would depend en the context. If one of the notes ferming the
tﬁird happened to be the leading nete of the meledic part in which it
éppééred énd was alse the upper noete of the third, it weuld be sharpened
and widen the“third; if,-hewever; it happened to be the lower nete, the
sharpening would have the effect of narrowing the third. It weuld
depend selely on the perfermer whether he theught the harmenic er the

melodic interest was the mere impertant in the circumstances.

‘Since a majer third lacks the definition of a fifth or an octave,
it could be argued that mistuning it weuld be less ebjectionable from a
" musical peint ef view., If the definitien of the interval was all that
mattered this weuld be se, but mere impertant than the definitien is the
différence tone formed by the twe noetes. This is created by the
assymetrical censtruction of our ears, and is formed -from the difference
between the frequencies of the two netes seunded. It is a pure tone
' and se will net have harmenics. The difference tones formed by beth

- majer and miner thirds which make up the triad of C majer are.as follows:

Example 2.
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The difference tones at 1 and 2 absve are produced by the thirds shown.
If the triad is cerrectly tuned, it tee must produce the same difference
tone. I the thirds are mistuned the resultant difference tones will
alter, begoming sharper or flatter depending on the ameunt and direction

_ef the mistuning.

Loeking mere clesely at the triad at 3 above, if the major third is
sharpened we: can deduce frem 1 and 2 that the difference tone at 1 would
rise and that at 2 weuld féll. Since the two difference tones se
preduced would be clese in piﬁch fhey would beat. Added to this, the
harmenics ef each of the thirds themselves, which sheuld be in unisen,
would net be. se, and would alse-beat, causing a considerable ameunt of
~ dissonance. It is the harmenic use of a mistuned major third which

makes the interval objectienable.

The minoriiiiéalia different. The difference tones produced by it

- are shown below.

Example 3.
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In this case, the difference tones are se far apart that'ne'mistuning of
the interval ceuld make them beat. Since they are pure tones, the fifth:
between them weuld net beat if it were mistuned because such beating in a

fifth weuld depend on the harmenics of the netes concerned and net the

fundamental netes.
A quetatien frem Helmheltz on thirds sums up the situatioen.

For the Pythagerean thirds c! - ef and e! - g', the combination
tones are nearly C sharp and B, both differing by a semitene

from the combinatien tone C, which would result from the perfect
intervals in beth cases. For the Pythagorean miner chord

el - g! - bl the combinatien tones are By and very nearly G sharp.
The first, B; , is very suitable, better even than the combinatien
tone C which results from perfect intenation. But the second,

G sharp, belongs te the major and not the minoer chord of E.
However, as in perfect intonatien eone of the two cqmbinatien

35.




tenes C and G is false, the Pythagerean miner chord can
hardly be considered inferier in this respect. But the
combination tenes of the equally tempered third lie between
these of the perfect and Pythagerean thirds, and are less
than a semitene different from those of just intenation.
Hence they respend te ne poessible modulatien, no tone of
the chrematic scale, ne dissonance that ceuld pessibly be
intreduced by the pregression of the meleody; - they simply
"seund out ef tune and wreng.

The fle;ibility of scaleé in music for veices and instruments
capable -ef making small adjustments in pitch, has been referred to by
' writers in different perieds. The following quetation- from '
C;V. Stanford, better knewn as a cempeser than a theerist, but here,
perhaps, speaking in beth capacities, describes the pesitien accurately
.and in seme detail.
The .basis of the pure scale is that diatenic semitenes are
a fixed interval, and tones changeable. There is a greater

tene and a lesser tene., In the pure scale of C the
interval (a)

2
igt is slightly wider than the interval (b)
- . :

)
iCm — _
d = et If the interval (a) were in perfect
intenation and the same distance were te be applied to (v),
the result would be a majer third which was tee wide, and

_the diatenic

)
semitone e ‘weuld be tee small te satisfy the
. ear. The greater and lesser tenes are alternatives in the

scale.
If £ equals the greater teme and > equals the lesser
tone, the pure scale of C will be censtituted thus:

) o )
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(The student is recommended te test the scale on a violin.)

.The ratios ef the intervals have besen ca;culated out and
.are as fellows:

(6) Helmheltz, H. On the Sensations of Tene.
Trans. 1885 by A.J. Ellis.




Diatonic semitone e.ceeesscscsesssss 15/16
LeSSer £ON® cecvecsssvccsssosssccces 9/10
_ Greater tone .....eseecsccsesassases /9
Y Major third eceescerescsscsevescenss 4/5
Perfect fOUrth eeececsscscccessssces /U
Porfect Fifth cececesccccssscccssese 273
Major SixXth eceesscvcssccscescnccccas 3/
Majer seventh ceeecescecssesssseccss 8/15
OCEAVE ceossvncasssssssccccscsssense 1/2

These can bg verified on a vielin with the aid of a

yard measure. _ 1l
=l
eege 1if the G- string equals 1 J .8 .
| . .
‘ - . . / 13
half the G string gives . - Aﬂ the actave:
P . J v .

“if 4/5 of the sfringqlies between the finger and the bridge

/

the nete will be g = a majér third from G; if
"3/h of the string lies between the finger and the bridge, the nete
N )

A

- ¥

will be ¢ . - a perfect fourth from G, and se on
throughout the scale.

_ When the harmenics are added ta the netes of the scale of
C, one nete has to be liable te change and is termed 'mutable’.
This nete is D, the secend degree, which must be a lesser tone
from C (9/10) in erder te cembine with F and A (the supertenic-
triad), and the greater tone frem C (8/9) in erder te cembine
with G. This can be tested arithmetically by calculating the
interval frem C to F (3/4), the perfect fifth frem D te A (2/3),
and the majer third from F te A (4/5), which will shew that te

N
7

make the cherd .J gi perfectly in tune, the
L interval frem C to D must be 9/10 and frem D te B 8/9. Similar
' investigation will shew that te cembine with G, D must be a
greater tene (8/9) frem C in erder te make a perfect fourth

(3/4) with G. .

The miner scale is censtituted thua:
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_ The raties of these intervals are as falleows:

Le5SAr tONe scescecessosssscssses 9/10
aGreater tone ...ceiecccccnscacnns 8/9
Minor tNird@ ceocseeccescccecsseces 5/6
Perfect fOUrth eoeecceccsccassess 3/k
Perfect FAiTth eeeoscccscccsssccss 2/3
Minor SiXth sesesecsessccccsscces 5/8
Minor Seventh ceeecesseccscccscse 9/16
OCLAVE cescscseavsvosascnsscscess 1/2

. Whén harmenics are added te the scale, twoe netes are
'mutable’, B, the second degree, and G, the seventh degree.
B must be the lesser tene frem A to combine with D, and G must
be the lesser tene from F te combine with B and D '

0 Q

: On the other hand, B must be the greater
tene frem A te cembine with E, and G must be the greater tene
from F to cembine with B and E. '

—8-

d
This can be similarly tested by applying the raties for a
miner third (B te D), miner sixth (B te G), and perfect fourth
(D teo G) in the first case; and by applying them for a perfect

fourth (B te E), miner sixth (B te G), and miner third (E te G),
in the secend case. (7)

Stanferd was net the first te comment on these phenemena.
Marin Mersenne (8) agrees with the mutable D in the scale since it is
the only white nete he splits in his "perfect harmonic keybeard, with

nineteen keys te the ectave", giving majer and miner tones abave C,

- whilst Salinas, earlier still than Mersenne, agrees on the flexibility

.of the human veice, and Hawkins makes reference te his remarks (see
page 19). A further reference te the flexibility af the voice and
'perfect instruments' (i.e. these capable of playing any netes, net
just twelve te the octave), coupled with the need for tempering, occurs
in the writings ef Dr. Rebert Smith, Master of Trinity College,
Canbridge:

Mr. Huygens ebserved long age, that ne voice or perfect

instrument can always preceed by perfect intervals, witheut

erring frem the pitch at first assuamed. But as this weuld

offend the ear of the musician, he naturally aveids it by

his memery of pitch, er by tempering the intervals of the

intermediate seund, se as te return te it again.
It is werth mentioning that beth the eighteenth century writers,
‘Hawkins and Smith, were referring to seventeenth century (Huygens) and
" sixteenth century (Salinas) writers, and Stanferd made his ebservations

with sixteenth century pslypheny in mind. Musicians and musical

(7) Stanferd, C.V. Musical Compesition. ILenden 1911,
(8) Mersenne, M, Harmenie Universelle. 1635. Tr. R.E. Chapman.
The Hague. 1957. :




thearists were much more temperament conscious in the sixteenth and
seventeenth centuries than they are new, and offered many different
selutioné;te the preblem. The facts are still the same, but we have
enly one.salutien, equal temperament, with the resultant tendency to
ignere the flexible scale. The sixteenth and éeventeenth century

keybeard fact of twelve netes te the octave was, for the mest part,

. the same. as new,.altheugh there were atfempts te make instruments

with mere than twelve netes to the sctave, but, in tempering, the

solution te it then was meantsne tuning er same.system akin to it.

Meantene temperament was first fully explained by Pietre Aa}en

" (Thescanelle_de la Musica 1523). The_tuning.is te be made in three

successive stages, first the majer third C te E is te ba made 'senerous
and just" and the fifth C to G made “a little flat". The fifth G to D
is alse .flattened and then A is to be tumed se as te make the fifth D

te A and the fifth A te E equal. In the second stage, the fifths F to

C, B flat to F and E flat te B flat are tempered exactly the same as

" the diatenic fifths., Finally C sharp and F sharp are te be tuned as

true thirds te A and D. Aaren says nething abeut G sharp which. probably
alse came in the final stage as a true third abeve E. The temperament
described is quarter comma meantone temperament. Its name is derived
from the division of the syntonic cemma necessary te preduce true majer -
thirds. A majer third is arrived at if four fifths are tuned in |
successien and then two ectaves are subtracted i.e. et -gl s gl=-dll:
al —all: al'- e, subtfacting twe octaves from e ! would bring us
back te e'. If the fifths mentioned were tuned true the e! weuld be

sharp by a syntenic cemma, If the ¢! - e! interval is made true te

begin the tuning, then the four fifths must each be tuned a quarter of

a syntenic cemma flat, hence quarter cemma tuning. Aaren's first stage

is to remeve the syntenic cemma by tuming feur quarter comma flat fifths,

_his secend stage is to tune the flat side- of the key in quarter comma

flat fifths as far as E flat and his third stage is to cemplete the
twelve netes by tuning in true majer thirds. Anether method of setting
the same scale is te tune in true majer thirds as seoaen as the first
stage'is completed checking the resultant fifths against the first stage
£ifths te see if they are all equally flat. Whichever way the complete

scale is set it sheuld centain the following notes but not their en-

harmenic equivalents::

Example 4.
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Because enharmsnic equivalents are net available, enly a limited

nunber ef"$eys can be used., They are C, G, D, A, F and B flat major,

. and G, D and A minsr. Mers cherds can be used than these suggested

abeve, the cemplete list is: C, D, E flat, E. F. G, A and B flat
major cherds and-C, C sharp, D, E, F sharp, G, A and B miner cherds.
These which cannet be used are C sharp, F sharp, G sharp and B major
and E flat, F, G sharp and B flat miner, plus, of course any commen
cherds the keynote of which dees net appear in Example 4, The

serviceable miner keys, G, D and A, are very limiting and it was

. pessibly the dearth of such keys which led some ergan and harpsicherd

builders to previde split keys E flat/D sharp, G sharp/A flat and
B flat/A sharp, which added C, E and B te the available miner keys and

E, E flat and B to the major keys.

If other keys than these listed abeve are attempted, the 'welves'

begin to howl. To understand the reasen for this we must again refer

-te true intefvals.' Between the netes f and g lie twe accidentals,

f sharp and g flat, The intervals f - g flat and f sharp - g are
diatenic semitones, whilst that between f and g is a major tome. A
majer tone centains 9% commas and each diatenic semitene 5.2 commas,

the twe semitones between f and g hust, therefore, overlap by 0.9 commas.
These figures assume the imtervals te be just. In meantone temperament
a meantone is half a comma less than a majer tone, or 9 commas. On the

other hand, a meantone semitone is a quarter comma larger than a

-diatenic semitene which makes it equivalent te 5.45 commas. The ever-

lap in meantene between the intervals f - g flat and f sharp - g is new
1.9 cémmas, mere than twice that for true intenatien, which means that
the meantone f sharp is flatter and the meantone g flat is sharper than
true. The interval of 1.9 cemmas is mere than ene third of a diatenic
semitone or nearly eight times the errer of a meantene fifth. The
ameunt of -dissenance se preduced when a nete is substituted for its

enharmenic equivalent is therefere censiderable.

Fig. 1, taken froem Intervals Scales and Temperaments, shews the

intervals preduced by meantene tuning en the left, and on the right are
all the diatenic intervals up te a tenth shewn with corresponding
theeretical accuracy. The sizes of the intervals given on the right
are these which they wauld have in apprepriate concords of sixteenth
century ;ocal music if suhg perfectly in tune. A major third consists
of a major tone amd a miner tené, a fact which can be verified from the
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" above dlagram. Since it is not possible to have both of these notes

on a standard keyboard, however desirable they are harmonically,

. (Mersenne's "perfect harmonic keyboard with rineteen notes to the

octave" makes it possible in a limited number of keys), the working

. compromise of splitting the difference between a major and a minor

tone and calling it a meantone completes the derivation of the name

quarter comma meantone temperament,

The scale produced by meantone tuning has slightly narrower whole

"tones and wider semitones than does the scale of equal temperament.
" When the scale is played, the 2nd, 3rd, 5th, 6th and 7th degrees sound

flétter whilst the fourth alone sounds sharper.: Consequeatly the
leading note is less imsistent, melodically, on being followed by the
tdnic since the semitone is so wide. This does not imnair the harwmonic
feeling of the dominant chord being followed by the tonic chord, in
fact, if anythlng, the result is more satisfactory, since both chords

sound more in tune than do equally tempered chords.




The foregsing description is enly of quarter comma meantone, the
mest usual ef the meantons temperaments. Other forms of it have been
described and considered to b2 as regular, some even baing preferred to
it.

Zarline in Institutioni Armeniche (Venice 1558), described "a

_temperament in which each fifth remains diminished and imperfect by
2/7 comma". © This system, Zarlino himself admitted, is net so gesd

as quarter cemma. He alse described a system having nineteen netes to
the ectave to be applied to a cembale which Domenice Pesarese had made

for him,

Salinas (1513 - 1590) eutlines "three ways of tempering imperfect

instruments! in his De Musica libri Sevtem, published in 1577.

The first is to divide the cemma ints three prspertional
parts, giving one te the miner tene and taking tws from the
major tone. This gives a new tone larger than the minor and
smaller than the majer. The decrement is twice the increment
and threugh the maximum inequality the tone becemes equal.

The second divides the comma inte seven propertional
parts, giving three teo the miner and taking feur from the
majer tena.

The third will arise frem halving the cemma giving half
te the miner and taking half from the majer tone.
The second of these temperaments he attributes to Zarline (2/7th. comma?)
and the third (quarter comma) he says was commenced, but ne: perfected
by Ludevicio Felliane ef Mederna. "The first," he writes, "se far as
I knew, has been laid dewn by ne one." This is 1/3 cemma meantone and

is again inferier te quarter cemma except in an ectave of nineteen notes.

It is alse interesting te nete that Salinas adds, "Wherefore any
one of thess temperaments seems mest suitable fer artificial instruments,
ner have any mere as yet been theught out.," This seems to state quite
clearly that Salinas did net cemsider equal temperament as a pessibility
in 1577 ner did Zarline befere him, since he seems to be acquainted with

Zarline's werk,

Other varieties ef meantone, described in detail by J. Murray

Barbeur (9) are, 1/5 cemma (Verheijen, Ressi and 'Guidenian'), 2/9 comma

(Ressi), 3/10 cemma (Harrisen), 5/18 comma (Smith), 1/6 comma (Silbermann),
whilst 1/7, 1/8, 1/9 and 1/10 comma have alse been described, 1/11 comma

being equal temperament.

- (9) ' Barbeur, J.M, Tuning and Temperament. East Lansing.
' Mich, 1953. D.31 ff.




~ The Silbermann (1683 ~ 1753) temperament, 1/6 comma meantone,
is warth neting even theugh Silbermann lived much later thaa the pefiad
‘under discussien. By spreading the syntenic comma ever six fifths .
instead eof four,.the fifths are slightiy better than those of quarter
comma but the thirds are less.gsed, being slightly sharp., Some of
the 'welves' ceuld be remeved teo remoter-keys allowing mere 'gasdi kéys
“'te be avallahle, and-it had the advantage over equal temperament that
the thirds were nearer true. ' This was a hal f-way stage between

meantone and equal temperament.

-Meaﬂtone tempera@ent persisted well inte the nineteenth century
altheugh-it-was-eut of fashion as a temperament for pianes. In fact,.
it is net unreasenable to.say that equal temperamént is the pianeforte
temperament. Only ene ergan in the Great Exhibitien ef 1851, an
~ instrument mad§ by Schulze, was tuned te equal temperament, the others
were meantone tuned. The date of the first commercially preduced
ergans,'equaily tempered, seems to be 1854 when Gray and Davisen made
their first ergan te be built and eriginally tuned in equal temperament.'
In the same year beth Walker and Willis sent sut their first equally -
tempered organs. Equal temperament was officially introduced inte the
- pianeferte trade in England a little earlier, in 1846, when Broadweeds
first began to use it.

~ Altheugh these are the official dates of intreducing equal
témperanent by the firms cencerned, the temperament itself was knewn
" and used in England much earlier than 1846. William Cretch (10)writing
in 1812 said, "As ergans are at present tuned keys which have many flats
. and sharps will net have a goed effect especlally if the time is slow,"
a reference to meantene or seme temperament in which all keys were net
equally in tune. ° Later in the same beek he wrote,_"Unequal temperament
is that wherein seme of the fifths, and consequently seme of the thirds,
are made mere perfect than en equal temperament, which necessarily
renders others less perfect. Of this there are many systems, which
the student is new capable of examining for himself." Clearly there
‘was a diversity of tuning in 1812, équal temperament being one of the

_ possibilitles. The "unequal temperament" mentiened dees net seem to be '

quarter comma meantone, because all the thirds ef that temperament weuld
be better than equal temperament (except in the keys which are net
available at all), but all the fifths weuld be werse. In any case, it

(10) Cretch, W, Elements of Musical Composition. -Ienden. 1812.




would appear that the thirds were not all equally good because it
suggests that only "some of the thirds" are better than equal temper-
ament. - This sounds like one of the irregular temperaments, such as
those suggested by‘Werckmeister, in which some of the fifths are
flatter than in equal temperament, but all are less flat than those of
quarter comma meantone. - The thirds also vary, some being better than
‘those of equéi temperament, some worse, but none were true as in qﬁarter
comma'meantoné. The most important fact from the-above quotation,
however, is the diversity of temperament at the beginning of the nine-

teenth century.

Although the adoption of equal temperaﬁent as the standard tuning
of keyboard instruments is comparatively recent, it has always been a
possibility. Aristoxenus, a pupil of Aristotle, is said to have -
.advocated.it, at least, it is implicit in his statement that the fourth

‘consisted of two tones and a half, because this is only true in equal

temperament. Mersenne, in Harmonie Universelle (1635), gives the correct -

numbers for the ratios of equal temperament. Werckmeister, -in Orgelvorobe,
~ (second edition, 1698), recommends equal temperament, and Schnitger, an
admirer of Werckmeister, built the organ of St. Jacobi ~ Kirche in Hamburg
in 1688 and tuned'it in equal temperament. Frequent reference is made
to equal temperament on organs in North Germany about the.beginning of the
nineteenth century, and Dr. Robert Smith must have had some experience of
it to be able to write in his Harmonics (1759) of, "that inharmonious
system of twelve hemitones," producing a "harmony extremely coarse and

disagreeable."

J.S. Bach is often credited with the introduction of equal temper-
amént, although this is not now supported (11). No doubt Xirnberger was
_correct-when hé asserted that when he was a pupil of the elder Bach he
had béen made to tune all major thirds too sharp, but this could be true

. of many temperaments as well as equal temperament.

: In meantone temperament the syntonic comma is spread over a

" particular number of fifths, but the full cycle of fifths is not complete.
Oﬁly in equal temperament is this completion accomplished and all keys
made equally out of tune, although some forms of irregular temperament

. will make it possible to play in all keys.

(11) Barbour, J.M. Musical Quarterly. Jan., 1947.
: Article. 'Bach and the Art of Equal Temperament.'
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In the abeve cycle of fifths, the tep B sharp must ceincide with
C since fhere is ne other pessible neote for it on a keybeard (as E
' sharp must coincide with F, A sharp with B flat and se on if all the
pessible keys are teo be obtained). Ia true intonation, hewever, these
notes are not the same, In the descriptien ef meantene tamperament it
was shewn that F sharp is 0.9 of a Syateﬁic camma flatter than G flat
if beth netes are perfectly in tune, all other enharmenic changes can
similarly be.shewn te necessitate a change in pitch if they are to

remain perfectly in tune.

Equal temperament is the enly compromise which will even out all
theese discrepancies, theugh ether temperaments can make them tolerable.
Since twelve fifths exceed seven ectaves by the cemma of Pythageras, if
each fifth is tumed 1/12 of such a cemma flat then twelve fifths will
equal seven octaves, F sharp will equal G flat, A shafp will equal

B flat and se ‘on.

Since the comma of Pythageras is a small interval, the mistuning
of the fifths is slight, in fact it is almes% unneticeable even on such
a shafply defined interval as a fifth. The thirds present ‘a greater
preblem, It has already been noted that a major third cemsists of a
major tene and a miner tenes (er twe mean tones). A tone in equal
temperament is net a majer tone, a miner tone or a meantene. Of the

three it is nearest in size te the majer tone and it is easy te work

-out why this is se. -

Again reference must be made te just 1ntonat10n vwhich presuppeses
a scale with mutable netes. If we again cheese the scale of C major,
the mutable note will be D. Tuning up from C an equal tempered fifth
te G and then dewn an equal tempefed fourth (which will be slightly
sharp since the fifth is flattened) to D will préduce a tone CtoD




which is slightly less than a major tene. Tuning up an egual
tempered flfth frem this D will produce an A censiderably sharp of a
true maasr "sixth frem C, because the true majoer sixth would be formed
as a true fifth abave .D a miner-toae above C, Tuning down an equal
temnpered fourth from this A will: praduce an E which is considerably
sharp of a true majer third. Tuning up an equal tempered fifth from
this E will produce a B which is sharper than a true major seventﬁ
abeve C. The scale which results is shewn, drawn against a true
scale as Fig. 2., and agalnst a meantone scale as Fig. 3., beth these

_diagrams are taken frem Intervals, Scales and Temperaments, pages 67

and 104 respectively.

Equal temperament gives a keybeard player or cempeser mere Scope
te move éway frem the eriginal harmenic centre of the music witheut

-the !woives', but in return for the silencing of the 'welves'

sssessase e Figl 2.
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he must pay by having harmeny, which, by standards of perrect

‘intenatien, is reugh. - As late as 1879, William Pole is cemplaining

. abeut the effects of equal temperament in The Philesephy of Music.

The medern practice ef tuming all ergams to equal
temperament has been a fearful detriment to their quality
of tone. Under the old tuming an organ made harmenisus
and attractive music, which was a pleasure te listen te
vsesesses Now, the harsh thirds, applied te the whole
instrument indiscriminately, give it a cacepheneus and

- repulsive effect.

Mest of the temperaments described have been regular, that is,
they have centained adjustments frem true intervals which are cen-
sistent threughsut. The eonly temperament se. far mentioned which
is net ef this type is that of Yarckmeister. The follewing layeut

' for one of his temperaments shews the cycle of fifths as complete,
with the 'fifth' D sharp to B flat as the turning peint between
sharps and flats. It is obviously intended that all keys sheuld be
usable and the fellewing passage, given as a footnote by Arnold (12),

shows hew this was te be worked out:

(12) Arneld, F.T. Art of Accempaniment from a
Thersugh Bass. Lenden. 1931.
Reprinted Lenden 1961.

s ———




The temperament which he advecates, as explained in an appendix:
Kurzer Unterricht und Zugabe, wies man ein Clavier stimmen und
Wohl temperinen Kenne ('Shert Instructions and Supplement, as
to hew a clavier may be tuned and tempered'), is a form ef
unequal temperament in which all the major thirds are slightly
sharp (especially G sharp and D sharp), while mest of the
' fifths are slightly flat. The exceptions are best described
in Werckmeister's own wards: '"with this C sharp the fifth,
G sharp, can be tuned almest true (i.e. infinitesimally flat);
the test for the G sharp is E, this third is usually a little
tee much-en the sharp side (diese Tertia pfleget wehl ein wenig
scharf zu fallen), but if one contemplates using the G sharp in
place of the A flat, as F A flat C, it cannet be helped. With
the G sharp the fifth D sharp is tuned.. The D sharp may be _
just a little sharp in relatien te the G sharp, in order that it
may be telerably censemant.as a majer third te B and as a major
third to G (i.e. when used as E flat). With this D sharp the
ectave D sharp is again tuned true; with the D sharp the fifth
B flat may be tuned, which may alse be slightly sharp, in order
that the D may be telerable as its appropriate third.

"yith the B flat the fifth F may be tuned, -again slightly
sharp, or quite true, accerding te how the F seunds in relation
to the E,  as the last Terminus *, er, again te the last test
nete A, as the majer third F te A **."

* A 'leading nete' (in the wider sense ef the term) was called
Terminus Acutus er Terminus Gravis, accerding as the reselution
was upwards er dewawards. Thus the upper netes of an augmented
‘sixth or feurth and the lswer nete of a diminished {ifth are
" termini acti’, while the oppesite extremes are termini graves.

** The majer thirds are te be used througheut as tests: if
their sharpness is excessive the fifths must be flattened.

Werckmeister's whele scheme (given in accerdance with his

" own minute instructiens) is as fellews: thie round black netes

represent the standard netes, and the white netes those which
are tuned with them, while the diagenal line notes are the tests:

Example 6.
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The Werckmeister tem?erament did not appear in print until the
end of the seventeenth century, but it seems likely that the idea of
using an f}regular type of temperament was net entirely new. It is
possible_that such temperaments were the culmiaation of a process of
evelution rather than an idea arrived at in its entirety witheut any
precedents, but whether such precedents did exist so far ahead of
Werckmeister as to influence the music under discussien in this-sfudy

is a matter eof conjecture.

- Possible alteratiens to ﬁeantane, made availaﬁle by chessing netes

@ther_than these in the standard temperament and extensiens of it by

the use of split keys seem-mere-likely ways of enlarging the number of
available cherds than the use of irregular temperaments. An E flat
ceuld easily be replaced by a D sharp if the-third from which the nete
vas set was belew instead of abeve it (i.e. the note was tuned as a
‘true third abeve B instead of a true third below G). Similarly, A flat
ceuld be tuned as a trué third below C instead ef G sharp which weuld be
a true third abeve E, All the chfomatic netes can easily be altered in

this way witheut needing to reset the cemplete scale.

If an instrument had split keys (other than these required for
the breken ectave basa), the standard meantone temperament ceuld be
used and seme of the alternatives suggested above added te it. There
were seldom mere tham three additisnal keys (making fifteen netes to
an octave) added te imstruments, with the exceptien of the Archicembalo
(thirty-ene netes te the ectave) and the Clavicembalum Universale
(nineteen netes teo the ectave)., The three netes usually added were

D sharp, A flat and A sharp.

Since, accerding te Peter Yateé, "the use of tempered Pythagerean
_'for.the English Elizabethan music seems very prebable," a statement of

his on the laying of such a temperament needs te be included. I quete

from Peter Yates:

The first tempered scales were certainly a modified Pythagerean.
Leaving the perfect fifths C - G, G - D, A - B, E -B (as tuned
for Pythagerean), the tempered fifths might have been B - F sharp,
F sharp - C sharp, C sharp - G sharp, F down te B flat, B flat
dewn to E flat. C down te F may have been tempered or left
perfect. The enharmenic intervals ® flat - D sharp, A flat -
G sharp, B flat - A sharp, G flat - F sharp, may have been

- adjusted accerding te the harmenies desired. Other adjusted
variants of the tempered Pythagerean tuning weuld have been
tried. For the listener the general effect of such a tuning




would still be that of perfect fifths. (13)

This temperament gives sharp thirds, particularly those in the chords
of C major 4nd G major and the general feeling that the temperament
contains perfect fifths is only gained at some cost to the thirds.

A fuller description of the musical effect will appear later when the
. music is considered in more detail; it is sufficient here simply to

deécribe the temperament..

Although temperaments can be worked out and described, they must
be- correctly set by someone. To be correctly set they must be
correctly heard. To facilitate tuning quarter comma meantone,

AJ. Ellis, the translator of Helmholtz, suggests the following means
of setting a scale by counting beats:

Tune in the following order, the numbers 25-6-7 and 40-41-42

meaning that the beats are to be 25 and 40 for low, 26 and 41

for medium and 27 and 42 for high pitch in 10 seconds according

to the three grades already laid down.

c 25-6=7, g ho-k1-42, d 25-6-7. a 40-41-42. e 25-6-7,

b 40-41-42, £ sharp 40-41-42. c sharp 25-6-7. g sharp 4O-4#1-42,
c bo-41-42, £ 40-41-42, b flat 25-6-7. e flat 40-41-42, a flat.

(the three grades of pitch referred to are:

Low - Handel's pitch c. 252.7
Medium °~ Helmholtz's pitch c. 264
High - Durham Cathedral Organ c. 283.6
Father Smith's pitch. C) (14)

In the end, it is just as difficult to count beats as it is to assess

the amount of flatness or sharpness of the inter%éls by judgment and
experience. Theoretical possibility and practical vossibility must go
hand in hand, because it is how the temperament sounds whicﬁ matters
most from a musical point of view rather than how cleverly it seems to
spread the effect of the discrepancies in the use together of true octaves,
fifths and thirds. How well the actual tuning corresponded with the
theoretically accurate figures for the temperament is now impossible to
-say. Something so ephemeral as a tuning and something so inexact in
practice (because most tuners admit it is more difficult to 'chase the

"~ wolf away'-on some days and on some instruments than it is on othefs), can
never be positively recreated, but it is only in attempting such re-

- creations and in trying to find out the amount of dissorance which would

have been tolerated that we can come closer to the practice of the day.

(13) Yates, P. An Amateur at the Keyboard. London. 1965,

-(14) Helmholtz, H. On the Sensations of Tone.
" Trans., 1885 by A.J. Ellis. Appendix xx.




CHAPTER 5.

THE EVIDENCE OF THE MUSIC.
2 :
_ "It is not to be expected that a study of the music
will provide a precise picture of tuning practice." (1)

- : - The above'quotatioh is taken from a chapter headed "From Theory
:--ta=Practi§eﬂ and it is easy to see Dr. Murray Barbour's point of view.
" When a chord.of C major is written down, there is 'no indication on the
*  music to say how the chord is to be tuned. If it is for a group of
instruments with. flexible pitch, one could assume that the chord -should
.be[fainly free frém.beats, but on a keyboard, it can only'mean that chord
fp;méd_by the depression of the notes C, E and G on the instrument as
you find- it, unless you are in the fortunate position of being able to

‘tune the instrument yourself.

One~cdurse'of action will be td see what has been written at or
_'néar-the time of the ‘composition of the music by its composers, and by
musical theorists. We may still be little better off. Unless some
diréct connection between the wfitings and a'particular group of
musicians or tuners can be firmly established, it is still an open
questipn as to which temperament was used. We will, however, be
nérrowing the fiéld of investigation, because the omission of mention
of-ﬁ particular femperament, modified Pythagorean temperament, for
. instance, or a feference to general usage, such as the adoption of equal
. temﬁerameﬁt by British organ builders in 1854, will give us useful clues
about the direction to follow.

_ ~ The instruments themselves may be helpful, but there can be no
_ ' g#aranfee of this.. If the instrument has only twelve notes to the
"'ﬂioctavé, those notes could have beeﬁ tuned in many different ways. If
it has more than twelve notes to the octave we may be looking at an
instrument which was not in general use. This is not necessarily such
" a great difficulty as it would be today. Music would not be so '
generaliy available as it now is and could well have been confined to
the areas in which the instfuments would be, namely, among those people
or institutions that could afford them. S -

Some instruments do tell a more positive story. Thé Ruckers trans-
posing hafpsichord described in the chapter on instruments must suggest
meantone tuning. It also suggests that it must be a type of meantone
which has an E flat and a G sharp (or possibly a.D sharp and an A flat?),

| and the most likely type would be quarter comma meantone.- Split keys

(1) Barbour, J. Murray. Tuning and Temperament. A Historical Survey.
: Bast Lansing. 1951. p.185.




for E flat/D sharp, G sharp/A flat and B flat/A sharp must suggest a
.temperament in which these netes are net ideantical, and they are

nermally 09351dered to be extensions of meantene.

Another seurce of infermatien is the eral tradition eof instrumental
tuners or any written rscerds.of long established firms. Present day
tuners knew enly equal temperament, but a firm like Broadweed, which can
trace its histery back te the eighteenﬁh century, gives an approximate
date.of 1846 for the-adeptioen of equal tenferament as standard temper-
ament for their pianes. Mos£ crafts hand on practical infermatien
irrespective of pronouncements by theerists, or perhaps incerperate the
practicgi-{hplications of "such pronounceﬁents inte their 'lere' when the
..peint . has been proved in practice. Professienal asseciatiens are
) generallj somewhat censervative in this way. Conversely, hewever,
seme things are discevered by practising craftsmen long before they.can
be, er are, explained in theery. With such an ephemeral thing as a
temperament oﬁ.a keybeard instrument it is difficult-to be sure whether
the theerist is describing cemmen practice-or the craftsman is cenfirming

the ideas of the theorist.

~ Frem these coﬁsideratiens it appears that the only definite lead
suggests meanténe tuning. In England, at least, equal temperament was
net efflclally recegnised as standard until well inte the nineteenth
century, although it seems impossible to imagine much of the music which
_ was being written even abeut seventy-five years er mere before that time
: -being played on meantene tempered keybeards. Whether- the tunings used
~ were quarter comma er net is again uncertain, but if one judges frem the
~ -cemplaints abeut the harsh thirds preduced by equal temperament, the
_ thirds which preceded its intreductien must have been reasemably geed

' and so -weuld suggest quarter cemma tuning.

(  Ultimately the enly tangible evidence is the music (even theugh we
are in the hands ef cepyists), and whether we can see it clearly er net,
the truth can only lie there. Study of theeretical writings and
instruments is necessary, but the answer must lie somewhere in the music
if we are te interpret the meaning of what we see .and hear. Hearing

- with ears accustemed only te equal temperameat is rather like assessing
. buildings having enly viewed the concrete boxes with which we are new
force& te live. Any judgment en Elizabethan architecture having such
structures as a nerm must be suspect; &0 must judgménts made on temper-

ament witheut receurse te actual knowlgdge of temperaments other than

equal temperament.




Discussien of this subjact began because of the many conflicting
views expressed abeut temperaments, The phrases, ''seme approach to
equal tempkrament" or "seme form @f equal temperament' seem te suggest
that equal temperament was unlikely frem an histerical peint ef view
but seemed inevitable frem a practical peint ef view. Histerically,
meantene sheuld be the cerrect temperament,.and in the ensuing dis-

cu531on, the existeace of meantene tuning will be assumed for the sake

of argument.

Taking this as a starting psint,_the differences between meantene

" and equal.temperament might give us a means of leeking7at the music

afresh, since just jntenatien.is denied us en a keybeard. The main

dlfferences between meantene and equal temperament are:
(1) the tones of meantene are smaller steps than these of equal
temperament.

(2) the meantone diatenic semitones are larger steps than these of

equal_temperament.

(3) the diatenic and chromatic semitenes of meantone are different

in size; in equal temperament they are equal in size.

(4) the major thirds of meantene are narrswer than these of equal

__temperament.

(5) the miner thirds of meantone are wider than these of equal
temperament, but the enlargement of the meantone miner third dees net

equal the flattening ef the meantene majer third becanse I

(6) the fifths of meantene are flatter than these of equal temperament.
"As .far as sound is concerned, these dlfferences mean:

(a) cherds with reets a tone apart de net seund se far removed frem

each other in meantene as they de in equal temperament.

(b) chrematic semitenal changes are net se abrupt in meantene as in

equal temperament because the distance between the notes is smaller.

(¢) augmented and diminished intervals are different in seund en a
meantone temperament. On an equally tempared instrument an augmented
second equals a miner third and a diminished seventh equals a major

sixth; this is not the case on a meantene tempered instrument.

(d) cherds with reets a major third apart do not sound se remete from

each other tuned meantone as they de equally-tempered..t...whilst......
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(e) cihords with rests a miner third apart are a little mere

distant from each osther in meantene than in equal temperament.

.(f) temperament is an harmenic rather than a melodic necessity,

but since the temperament alters the scale, it dees alter the

meledic effect of the music, se this teoe must net be fergetten.

Alongside the censiderations of temperameﬁt must be taken some

- of the characteristicsuéf styie. The mest ebvieus is the frequent

use of false relatiens. ‘When netes in false relatioen te each: other
are used in different veices in close eneugh preximity to each other

to be neticeable, we can use the term false relatien, but everything
must hinge en the definitien of clese eneugh-proximity. I have

tried te be mere specific than that, and have enly called the fellowing

occurrences false relatiens:
(1) the twe netes in question are struck tegether.

(2) a nete is struck against a held nete in false relatisn

te it.
(3) the twe notes in question appear in different voaices in
adjeining cherds.

~ Added te this must be the se called English, or false relatien,
cadence, but in this case clese preximify needs to be accepted as
well as the three situations mentioned abeve. Since this is a

recegnised cadence, the definitien of preximity need net tresuble us.

 Anether characteristic of style invelving the chrematic alteration

of é nete is the frequent change frem majer te miner (or vice versa).

This is. different frem false relatiom in that the nete in questien

usuaily stays in the same part and it is likely te occur in a bleck

_ cherdal cemtext. This latter centingemcy is enly a likeliheed, net a

certainty, and.change between majer and miner versions of the same cherd

appear in running passages tee.

The mest frequent eof the characteristics is the change between
majer and miner cherds, but false relatiens run it a clese second.
Almest all the cempesers studied use the devices, some much mere
frequently than ethers.,

There are mere instances of the use of false felati?ns in Byrd's

works than in these of the ether compesers. Of the 122 compesitions

which appear in his cellected werks for keybeard (Musica Britannica




Vols. xxvii and xxviii), sixty-ene contain false relatiens. The
Galliard (M.B. xxviii Ne.52b), fer instamce, has ene false relatien

- at bar twelve:

Example 7.
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but it alse centains seme near misses, such as
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‘and the follewing change of cherd, which is quite a jolt in equal

temperament, theugh net se much se in meantene:

_Example 9.

9|
D
P

L

&

1
i

Tt
[
\
'%P
mh
£
s
A1
|

The logic of the harmeny is quite clear. Bars 32 and 33 thave a
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F in bar 33. -

Seme pieces contain many instamces of false relatien.

uzi;the F, harmenised as

a third abeve D in bar 5, is harmenised as the rset of the cherd ef

The

Quadran Paven (M.B. sxxviii Ne. 70a) has seme fifteen instances, very

often in the form of an English cadence with the false relatioen

struck:

Example 11,

P e
T
' \

oty Lage [T L O L,

Il.\. " .&A PRl ] o

YA ) “ Pl |

7ler,.as in the follewing example, a nete ié.struck against a held nete

in false relation te it:

Example 12.
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When our knewledge of the-séund of harpsicherds was gained frem
reading besks rather than listening teo instruments being played, we
might have been led te believe that the harpsicherd's alleged lack of
sustaining pewer weuld minimise the effect of this type of false
relation. The oppesite -is nearer the truth. The harpsicherd has
considerable sustaining pewer; add te this its mere incisive seund

which will make inner parts clear and sharp, and a passage like the

one queted at Ex. 12 becemes-a- praminent feature, having almest a

seur edge'te it.

A final quetatien from the Quadran Pavan shews the alteratien

of netes in different parts in clese preximity te each ether, net, in

this case, in adjsining cherds, but with enly a cherd or twe in

between:
Example. 13,
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The appearances of false relations are frequent in the werks of
other cempesers toe. The fellewing list gives seme indicatien of

the frequency eof eccurrence in the works of seme of the major compesers.

W.
Jo
0.
. T.
G.

Byrd
Bull
Gibbens
Tomkins
Farnaby

122 pieces
165 pi.eces
50 pieces
73 pieces
53 pieces

checked
checked
checked
checked
chacked

61 with false
46 with false
7 with false
25 with false
18 with false

relations
relations
relatioens
relatiens
relations
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- Of false relations Hilda Andrews writes:

The sung-effects of "false relations'" is, eof course,
sefter than is pessible on a keyed instrument like the
virginal, ‘which-must have been tuned on some system of
equal temperament, (2) -

Leaving aside the questien of temperament for the moment, I will
try te examine the seftening of false relatiens when sung as cempared
with their being played on a keybeard instrument. Since Byrd uses
them mere than ether cempesers and the-quotatién referred to appears

in an editiew of My Ladye Nevells Beeke it seems apprepriate to

discuss an example from: this besk:

l_Example 14,
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If the abeve example frem My Ladye Nevells Boeke piece No. 7
A Galliard Gigge (M.B. xxvii Ne. 18) were te be sung, or played en
instruments with flexible pitch, the G sharp in the uppermest part
weuld prebably be kept as clese as pessible te the A, whilst the G
natural in the lowesf part weuld prebably be clese te the F sharp.
This would “gtretch! the interval G matural -~ G sharp as far as was
tolerahle, but at the same time keep the E majer cherd reasenably geed.

The fine "placing" of the G sharp in relation te its functien as the

third of the cherd of E majof and the leading nete te A, could be
accomﬁlished with the minimum detriment to either functien. In other
werds, this nete weuld be tempered te suit the circumstances. The

G natural has only meledic significamce in its ewn line, se "placing
it close te the F sharp will help bind'the neledic mevement tighter as
well as helping te aveid the harsher beating which weuld result from
making the netes just. The result weuld be mere like a true diatenic

gemitene than a true chrematic ene.

(2) Andrews, Hilda. Historical Nete to My Ladye Nevells
Booke. New York. 1926, page xxix.
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-If the passage were played en an equally tempered instrument,
the G sharp wsuld be nearer to the A than weuld a just G sharp se it
would make it clese te the tempered G sharp speken of in the last
paragrapa. But the freedem-te "place' it precisely in the best
pesitien fer beth its fumctiems weuld be lest. The G natural weuld
be cleser-té the F sharp than ‘a just G weuld be, se this nete may again
appreach the pesitien of the weil placed G natural mentioned earlier,
but since the -equal temperei F sharp weuld be sharber_than just, this
would have the effect of narrowing the overall interval slightly.
The.G natural - G sharp imterval must be wider tham just in equal
temperamgnt since the majer third is sharp and the miner third flat.
The G natural - G sharp interval weuld, therefore, be "stretched" by
the ;enperament, but net ss accurately as it weuld be, with the

flexibility of veices or vielins.

Meantone tempsrament weuld come off worst se far as seftening the
effect of the false relatien is cancérned. The G sharp weuld form a
just major third with E, whilst the G natural weuld make a slightly
flat miner thirds The meantene majer third, being just, is less tham
the equal tempered third, whilst the meantone miner third is slightly
larger than the equally tempered miner third. The resultant G natural -
G sharp interval would be "stretched" just a little frem true, but net

se much as in the twe cases described abeve.

But this is net. the cemplete picture when discussing the bar in
questien. Seo far, only the distance between the G natural and the
- G sharp has been censidered, that is, the gpecial effect" of the bar
rather than its basis. The basic harmeny is E major. In circumstances-
of flexible intematien, this cherd ceuld be held very nmearly true, just
erring slightly because of the pull of the chord of A majer in the next
bar. In meantene temperamemt the cherd of B major weuld be fairly

true, in equal temperameht it weuld suffer frem the sharp third.

Te sum up, flexible intenation weuld be mest finely coﬁtrolled,
would keep the basic harmeny as pure as need be whilst allewing for
the éffect of the G sharp leading nete, the meledic effect of the
flowing bass line and the artistic handling of the discord. Meantone
| would keep the basic harman& correct, would make the G sharp seund
rather flat as a leading nete and would “stretch' the di;card slightly.
Equal temperament wauld give the peerest basic harmony, a reasonable

leading nete and weuld "stretch" the discord. Flexible intonatien,




which would imply different parts for each note, would have the added

advantage that the G natural could ba played or sung with less force

(possible on a piano but not on a harpsichord), which would soften the
. effect of the discord even more. Of the two fixed temperaments, mean-
_ tone-would do least. violence to the bar as a whole and would produce

the greatest ‘"effect" from the discord.

nThe close juxtaposing of major and minor chords is a feature which
occurs too frequently to make counting the instances worthwhile. It
is not unique_to_keyboard music, but examples of it can be found in
almost every ome of the keyboard pieces I have studied. John Bull's
In Nomine. (M.B. xiv. No.28) makes use of it on numerous occasions, the

following examples being a selection:

" Example 15.
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Many are less spectacular, like this extract from a Fantasia by Giles

Farnaby (M.B. xxiv No.5):

Example 18,
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whilst some are slightly ambiguous, such as the following bar which is
The chords on beats one and two are

taken from the same piece.
A major, but that on beat three could be A minor or C major:

Example 19.

' Quite often the major and minor chords appear side by side as in this

quotation from Byrd (M.B. xxvii No.9):



Eggample 20,.
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and this frem Merleyiiglv,B, N&,iéjf
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The distance between a majer third and a miner third is a
chrematic semitone. Equal temperament makes each semitone equal se
diatenic and chromatic semitones are the same. lMeantene temperament
makes the diatenic semiteme wide (since the third is tuned true and
the fourth is slightly sharp). The meantene chrematic semitene is
alse a little wider than just, because the major third is true and
the miner third is slightly narrew. The equal téméered majoer third
is wide and the miner third narrew, narrewer than a meantone miner
third. The equal tempered chrematic semitene is therefere a much
wider interval than either a meantone or a true chromatic semitene.
This must be the case if the same semitene is alse te be serviceable
as a diatenic semitene. Even so the equal tempered diaionic semitone

is still narrewer than a true diatenic semitene.

62.
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3

The basic differences betwsen true, meantene and equal tempered
chrematic semitenes given abeve shew the difference betweéen a major
and a miner cherd en the same bass nete is least if the cherds are
true and greatest if the cherds are equally tempered. In this
jnstance meantone is very near to true and this acceunts fer the. fact
that majer -~ miner changes sound leés distaat from each eother, or,
:ather, have more of a family likeness than when they are equally

tempered cherds.

Meantone diatenic semitones are wide, but mean tenes are narrow.
A mean tene is half way between a major tene and a miner tene, and an
equal tempered tone is larger than a meantene theugh less than a major
tone. These facts are described in seme detail in the chapter on

temperaments, and figs. 1, 2 and 3 show the differences in graphic
form.
Cherd progressiens a whole tene apart are quite frequent in

 Elizabethan keybeard music. Particularly neticeable is the cherd of

the flattened seventh. The follewing is extracted frem Resseter's

Galliard set by Farnaby (M.B. xxiv Ne.21):

 -ExamB1e 226

Other gesed examples eccur in Byrd's Joha Come Kiss Me Now (M.B. xxviii

MNo.81):




The following example

Example 23.
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and The Weeds so Wild (M.B. xxviii Ne.d5):
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of cherd pregressions a tene apart is

taken from Why Ask You? by Bull (M.B. xix Ne.6l):

Examole 25.

6.




,
whilst a pregressien which extends even further using cherds with

roets a tene apart appears in The Italiaa Ground by O. Gibbeas
(M.B. xx Ne.27):

Example 26.
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Examples ef similar pregressiens ceuld be taken frem the werks
of all the other compesers studied! the extracts given abeve are not
exceptienal ¢ases. One must be en one's guard abeut what is being
observed here. Cherds a tone apart are the stock in trade of the
medern "pep" and "'folk" guitarists. They are easy te play an a
fretted instrumeﬁt since it is only necessary teo meve all fingers up
or dewn twe fretsy
fingers. What is
lutes then, and the keybeard derived seme of its early literature from

Allied to this is the observatien that three of the four

there is no need te alter the relative pesitiens of

true of fretted instruments new is equally true of

lute nmusic.

examples queted are arrangements of pepular melodies, and a glance at

the epening of Greensleeves will shew that the same pregressien is

prominent;

Example 27.
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In these cases we are probably lesking at the natural use of tne-phord,on-
the 7th degree of transpesed Derian mode (almest certainiy so in the

. case of Ex. 27), rather than a deliberate attempt to use cherds which
seunded well en a meantene tempered instrument. The fact remains,

hewever, that they are there, and they sound better cleser togsther on

e




a meantans’ temperament than they de wider apart in equal temperameat.

The reassns fer this are nast far te seek. Mesantone is here

again a cleser appreximation te true intonation than is equal temperament.

Taking the tws cherds required te harmenise the first twe bars of
Greensleeves we find all the netes of the seft hexacherd. The tep nete

of the hexacherd, D, will, in true intenatien, be an exact major sixth

abeve the lowest nete, Fs If this D were a true fifth of the cherd

beginning on G, the G weuld need te be a.miner tene abeve F. A

meantene is—a cleser-approximatien te a miner tene than is an equally

tempered whele tone.

Furfher te this, the differences in the thirds ef the twe cherds

are Qprthy of note. The B flat of the G miner cherd is a diatenic

semitene abeve the A of the F majer cherd.

miner change between the different cherds mere neticeable in meantene

Tais makes the majer -

(as it weuld be alse in true intenatien) than it weuld be in equal
temperament, just as the chrematic semitene change between major and

miner en the same bass note is less neticeable in meantone and true

intenation than in equal temperament.

There is a streng tendency te use cherds with reets a third apart.

This has already been hinted at, but needs fuller investigation. The

follewing example which forms the opening of Bull's Coerante ''Alarm"

(M.B, xix No.80) illustrates this clearly:

Example 28.

T T8 =i
e A0 4 | [1 1 é‘ v
‘ p, - T 1 ~ 1 A AL
o T T ) 8\ 1
. { \
> L = pey 1




67.

L

Y
u

f""
A |o

ﬁk
I
il
| i}h
B |

Wﬂ———
i, ‘

N

<

-
T

<p
| “
"

-‘&

The ceurant is written in the secend tene, s9 the tenic cherd weuld

" be G miner. The cherds used in the passage radiate out from G in

thirds thus:

. (Miner)
(Miner) —7 B flat (Majer) ——>D ( or)
G (or ) (Majer)

(Major) ™~ g 1.t (Major) — C (#iner)

Since this again is Derian medes traaspesed, the cherd on the seventh
degree is available and we might expect to see it included somewhere,
altheugh this particular werk dees net feature it as prominently as.

many.

The Pavan (Lerd Canterbury) ef Tomkins (M.B. v Ne.57) begins thus:

" Example 29.
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7 D (Min,)
o
A
(a)
,/(ﬁ?ﬁar)
C (eor )
Majer)

25 flat (Maj.)

\\\55 (Miner)

G( or)
ajor)

B flat (Maj.)

but the A is emitted up te this peint. It is added in full measure
later-em, and net enly is the gap between C and F clesed, it is closed
by twe cherds on A (i.e. Major and Miner) and eme on A flat. It dees
net seem to matter whether the cherds are miner or majer, or whether

the interval between the reets ef the chords is a majer or miner third.

' Example 29 forms bars 1-7 ef the Tomkins Pavan; Example 30 is bars

19-23:

Examgle 29.
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The pattern of cherds new leeks like this:

Minor)”””éyB flat (Majer)
G (er )
5E flat (Majer)—  (Majer)

(Mlnarl//’/,

C (er )
(Major)\\\\\ (Minar)
) g or ;
Major
: ‘\\\’bA flat (Majer) ‘
F MaJor.\\\~s>D EMi:er;
(Major)

Apart frem these examples of the extended use of cherds with reets
a majer or miner third apart, the simple juxtapesing of majer cherds
a majer third apart is very commen. The full harmo#ic significance of
this merits further investigatiem but it is sufficiemt here te state
that the mevement between cherds feur sharps distant frem each other was
practised leng beferse the Ispressionist cempesers made use of it. As
with the other characteristics, the use made by cempesers of this form
of pregressien varies, but all cempasers made seme prominent use of it
semewhere. Of the five leading compesers, the number of werks in which

it features is:

Byrd 122 pieces checked 29 had maj. cherds a majer 3rd apart.
Bull 165 " n 23 w o ] noon " "
Gibbens - 50 " " g n n n nooon " "
Temkins 73 n " 18 n n " woou " "
G. Farnaby 53 " " G noow u uoon " "

Whilst this must be losked at as a harmenic device, the frequency
of its appearance makes ssme statement about it and its effect in various

temperaments warthy of inclusien.-
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In this example frem Byrd, the placing of the cherds E major and
C major side by side causes a minimum of mevement in just intenatien.
The tenor B meving te C weuld pessibly be sharpened slightly and the
alte G sharp weuld be a true chrematic semitene away from the G natural
which fellews. There weuld be little feeling that the cherds were
_distant from each other. In meanteme the effect weuld be sllghtly
less smeeth because the semitome B te C weuld be a large step. In
equal temperament the case is very different. The G sharp weuld be
very sharp and fall an equal tempered semitone to G natural, a larger
interval than a chrematic semitone. The semitene B to C would be
enhanced from meantone, but E falling te a C in the tener wele be a
wide interval. The overall effect of twe wide majer thlrds C -5 and
E te G sharp gives the characteristic remoteness between these cherds

which is net present when they are tuned true er meantene tumed.

Although the characteristics alluded to are of general interest
in a study of temperament, eof mere particular interest is the- number
.of netes used., If we are to accept Charles van den Berren's view that
instruments were net tuned for "a particular piece written in a partic-
ular tenality ...." as meaning that ne change of tuning weuld be made
for playing pieces centaining various netes, then we will be faced with
a preblem when discussing pieces which centain any nete not in the

standard meantene scale.

I think the case that no such alteratiens were made is far from
preved, but at this stage I am still examining the facts, and the facts
are that it is pessible te alter one nete on the instrument in a few
seconds (e.g. D sharp fer E flat, A flat for G sharp etc.) without
needing te make any fundamental changes in the setting of the scale.

Of these pieces which require only one nete altered from the

standard meantene, by far the mest commen alteration required is D sharp

By
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for E flat: This change is required in 57 piecas; in 49 of them
it is-the enly alteration necessary in 5 it is raquired in cenjunction
with an A sharp and in 3 there are other considerations which render

‘the piece difficult in meantene anyway.

I have tried te judge the relative 1mportaace of the nets to be

 changed and have classified my results as follews:

Essential - when the nafmeny requiring the changed nete is
prolonged, er the nete appears se many times that
any fault -in the 1ntonatlen weuld net be tolerable.

Highly desirable -~ when the harmeny is altered eneugh to be
- readily neticeable, even if the duratien of
the impaired harmeny is shert, or when the
nate cencerned is in a semewhat expesed
pesition.

Desirable but tolerable - when the note coacerned is insig-

: nificant, forms an ornament er quick
meving cadence figure, or ceuld be
ornamented in such a way as te make
its presence almest unneticeable.

In the case of substituting D sharp for E flat, in enly 16 of the

57 pieces was the nete abselutely essential -and twe of these, the

Bull Hexacherd Fantasia and.the Tomkias Fancy; for viels, are net

playable in meantone at all.

The following passages from Pavana Chrematica (Mrs. Kathleen Tregian's

Pavan) by William Tisdall (F.V.B. No.214) weuld be impessible witheut a
D sharp: '

Example 32. a.
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Example 32. b.
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The first quetatien is the epening and the secend is the final cadence.

Anether impertant cadence on B majer occurs in the work and there are.

several ether places in which the cherd of B majer is needed.

Veni Redempter Gentium by John Bull (M.B. xiv Ne.42) contains

the fellewing bar in which B majer harmeny persisfs, but the other

appearances of D sharp in the piece are insignificant:

Example 33
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' This passage in a Pavan by Temkins (M.B. v Ne.56) weuld alse be

intelerable witheut a D sharp, because the chrematic mevement weuld be

destreyed by the substitution eof an E flat in additien te any harmenic

dissenances which weuld be preduced:

Example 3,
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If th%‘D sharp in the alte part of this bar frem Merley's Pavan
(F.V.B. Ne.153) ware to be ornamented it ceuld-pass almest unneticed

if tuned as an E flat:

Example 35.
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A . ] 1 Py
> — —— W

6 19 ) a2
4 L"."4

The bar.has been copied as it appears in the Fuller Maitland -

Barclay Squire edition of the Fitzwilliam Virginal Beek, the sharp

abeve the seprane D being editerial. If, as I suspect, this nete was
actually played as a D natural, forming a false relation, then D sharp
would be preferable for the alte note rather than E flat. Even then,

the D sharp wsuld be preferable rather than essential.

There are 21 instances where the D sharp would be highly desirable
but net se essential as in the instamces queted abeve. An elaberate
cadence figure 1ike this ene frem a Galliard by Temkins (M.B. v No.46)

weuld seund much bastter if the nete in questien was D sharp rather than

E flat:

Example 36.
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. The speed of the passage helps te cever up the deficiency if an E flat
is used, but seven D sharps in one bar all played as B flats could not
pass umheard. A similar sert of elaberate cadence figure appears in

What if a Day, again by Tomkins (M.B. v No.64); a D sharp is highly

" desirable.
In a Pavan by Bull the fellowing ornamented D sharp appears (M.B. xix

Ne.13%1.a.):
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Example 37.
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If the dauble line ernamant is here interpreted as a trill and the
ending is net turned, an E flat will de reasenably well. If a turned
ending is used en the trill, the C sharp - E flat interval is toe

-

.lerge|to-ge undetected.

The Gibbens Fantasia (M.B. xx Ne.12) requires a D sharp on four
separate eccasions, Three of these are in cadence figures which cauld
easily be ernamented (one, in fact, is se), te disguise an E flat, but

the fourth is in a false relatien cadence:
Example 33.
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This D sharp could be a trilled E flat, but the false reslatien would

then be impaired; a D sharp is preferable.

The harmeny in this bar from a Giles Farnaby Fantasia (M.B. xxiv

No.4) revelves areund B major:

Example 39.




Altheugh the first D sharp is shert and the second, which forms the
reselution ef a suspended E, is ernamented, a D sharp is to be
preferred rather than an E flat because of the harmenic impertance of

the cherd eof B major.

There -are a further 20 instances of pieces containing a D sh&rp
where an E flat could be used with little er ne detriment.. This -

quetation taken frem a Galliard by Gibbeas (M.B. xx Ne.24) is a geed

example:
Example 40.
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The auxiliary neées, beth of which have the sharp cancelled immediately,
would net suffer by being E flats. They might even gain, since the

E flat is cleser te the E than a D sharp weuld be, and a string player
faced with a similar situation weuld tend te play the D sharp very sharp.

When the only appearance of a D sharp in.a particular piece is as
follows: :

- Example 41.
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it seems unnacessary to think in terms of altering the note from an

E flat. This is mere especialiy se in this Byrd Hexachord Fantasia

(M.B. xxviii Ne.6l4) when the E flat is required for a large part of the

piece. An instance such as this ceuld hardly be used as a valid reasen
for saying the piece could not be playesd on a meantone temperanent. As

it happens, this particular Fantasia has other problems which render its
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performance on a meantene tuned instrument difficult, but they will be
discussed Thter. ' '

There are 19 .pieces which require an A flat for the standard G sharp
of meantone. In 14 of these it is the enly alteratien, in the other
five there are complicatiens which will receive detailed individual
attention at a later stage. Using the categeries suggested earlier,
in 9 of the pieces the A flat is essenfial, in & of them it is highly

" desirable, and in 6 a G -sharp could be telerated.

An A flat is enly required twice in the Byrd Pavan (M.B. xxvii

Ne.23.a), but on each occasion it is essential as the bass nete of the

chord and is half a bar in length:

Example L42.
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Again it is a necessity in the Dorick Prelude by Bull. {(Cosyn)

(M.B. xiv Ne.59). The Prelude is enly seventeen bars leng, but the

cherds of A flat majer and F miner feature preminently:

Example 43. ‘(noto valtes halved).,'
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In the example which follows, which cemes from a Galliard by
Themas Warfeck (F.V.B. Ne.98), the effect of the A flat is toe long
for it te be comfertably replaced by a G sharp:

Example 4k,
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Even if the A flats suggested by the editer were played as A naturals,
it weuld still be an uncemfortable cadence because the "welf" interval,

G sharp - E flat, weuld be se much in evidence even theugh it is net

actually struck.

An A flat may be highly desirable, but it is net essential in a
passage such as this frem a Galliard by Byrd (M.B. xxvii Ne.31.b):

Example 45,
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This 1s ene ef four pieces in which an A flat is highly desirable.
Anether is a Pavan by Themas Warrock (F.V.B. Ne.97), which makes the
first ef a pair of pieces when coupled with the Warrack Galliard
previsusly mentiened. It needs an A flat en six eccasions, seme of

which are quite unimpertant when the harmeny is semewhat ambiguous
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- (Example 48.a), but ethers ef which are mere explicit.(Example 46.b):

Example 45.a.

Example 46.b,

In six pieces the A flat is insignificant. The only time it makes an
appearance in the Galliard by F. Richardsen (F,V.B. Ne.29) is inessential
frem a harmenic poigt of view. A G sharp, being nearer teo the G than
is an A flat, might even enhance this auxiliary nete altheugh it would
iﬁtncéuce the "welf" fifth against the bass E flat.

-Example 47,
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The follewing bar taken frem A Substantial Verse by Tomkins

(M.B. v No.31) shews the only A flat in the piece to be even less

significant than the previous example:




79.

- In neither of the last twe examplés would it be necessary te
change -the standard G sharp for an A flat. The speed and relative
unimpertance of the netes in-question woeuld render them unebjectionable

even to the most sensitivghgar altheugh they might not pass undetected.

Three pieces require twe .alterations fram a standard meantene

scale; they are:

Chrematic Pavan William Tisdall F.V.B. Ne,274
Fantasia ' Giles Farnaby M.B., xxiv Ne.lk
Fantasia Giles Farnaby M.B. xxiv Ne.9

Chrematic Pavan : William Tisdall : F.V.B. Ne.214

The twe altermatives required are D sharp for E flat and A sharp
for B flat. Some reference has already been made to the D sharp and
. geme examples given (Examples 32.a. and b. on pages 71 amd ?72). It is
sufficient te reinforce this by saying that in'seventeen of the fifty=-

nine bars a D sharp is essential.

By centrast, the A sharp ceuld easily be displaced by a B flat.

The only appearances of the nete are as follows:-

Example 49 a. and b.
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The first appearance is already eornamented; the second is so like it

that similar treatment weuld be reasenable.

Fantasia : Giles Farnahy s 'M.B. xxiv Ne.k4.

Y
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The tws alteratiens required are again D sharp for E flat and

A sharp far B flat. The only bars cencerned are quated belew:

Example 50 a, and b,
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Bar 64 (Example 50 a.) has already been discussed, the D sharp being
classed as highly desirable but net essential (Example 39, page 74).

_ The A shafp makes such a brief appearance that it could be faked
by using an arﬁamente& B flat., This is assisted by the cancellatien
of the A sharp in the alte part en beat feour which alters the harmeny
from F sharp major (not available meantone) to F sharp miner (available
meantone). The bar queted as Example 50 b. is as it appears in
M.B. xxiv No.h.jiﬁﬁthe manuscript and in the Fuller Maitland - Barclay

Squire editien of the Fitzwilliam Virsinal Boeok, hewever, the F sharp

bass secend nete is a G sharp. If the A sharp vas in tune, the F sharp
bass nete weuld be better. If, on the other hand, it was an ornamented
: B'flat, the G sharp of the manuscript weuld be better since it weuld

. minimise the feeling f&r F sharp majer almest immediately.

Fantasia ¢  Giles Farmaby  :  .M.B. xdv Ne.9

“This is an important werk in the discussien of temperament. The
three catngerles I have used fer- deacrlblnv the desirability ef a nete
ever its enharmenlc equivalent (since in meantene these de net ceincide),
must be v1ewed in the light ef the written facts in this Fantasia.

The discussienm -hinges reund bars 18 and 19 which are quoted below:

Example 21 .

I




Twe alternatives from standard meantone ssem to be required (D sharp
and A sharp). The D sharp alteration I weuld class as highly desirable
‘and the A §?arp as quite passable as an ernamented B flat. The com-
" binatien ef bsth-netes in such clese proximity to each sther would make
me dispesed te suggest that the D sharp was essential if the A sharp
was replaced by a B flat. Twe dissenances so clese together I would

net have feund acceptable.‘

 The same Fantasia appears in the Fitzwilliam Virginal Boek as
Ne. 208. In the Fuller Maitland - Barclay Squire editien these twe bars

are rendered:

-Exam E le— 22.

Here, the cherd of B majer appears ence with an E flat and once with a
D sharp. The section is referred te in the Preface where the follewing

representation of these bars appears, preceded by the given paragraph:  (3)

_ The resteration of a nete previeously altered by an accidental,
by means of a flat er sharp, centradicting a sharp or flat (of
course the sign new in use for a natural is ef far later erigin),
is of very rare eccurrence; and in the great majerity of cases
this resteration has been made cenjecturally ecececccceaccacenes
‘A curieus example eof the writer's inability te express a
pregression which was perfectly clear as far as seund is cen-
cerned, is te be feund in the last bar of vel.ii p.270, and the
first of p.271. These stand in the MS:

Example 53.

'(3) Maitland, J.A. Fuller, and Squire, W. Barclay, TIhe Fitzwilliam
' Virginal Beek, ILenden 1899, - extract from the Preface
page xiv. _
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(A micrefilm enlargemenf from the Fitzwilliam Museum and the editers
nete in M.B. xxiv cerfirm this.) '

-The impertance of the queted bars in the histery of notation cannet
. be questioneda. Their impertance fron the point of view of temperament
éan easily be everloeked if, on the keybsard we are usiﬁg,D sharp equals
'E flat and A sharp equals B flat. On this scere I camnet exactly agree
that the pregressisn is perfectly clear "as far as seund is cencerned.
In terms of seund, the progreséion,as it is written, is net élear; it

'oniy becemes s When the necessary enharmenic chaﬁges are made,

_ As it stands in the manuscript this Faatasia is playaﬁle on a
standard meantene tuning. " In bars 18 and 19 there weuld be a high level
gf dissonance since the netes required te cemplete the harmenic legic are
: _not available., Perhaps we have in this brief passage an admissien of

the actual netes played, irrespective of the dissenance caused by them.

The final greup of pieces to be studied ars these which require an
enharmenic equivalent as well as the standard nete in a meantene tuning.
For the sake of clarity later, I will refer to these pleces as requiring
mere than twelve .notes to the octave., For instance, if beth D shar»
and E flat are required I will say that thirteen notes are needed in an
ectave, if D snarp, E flat, G sharp and A flat are required, them fourteen

netes are needed teo the ectave, and se on.

Only'twelve such pieces were found ameng those studied., They are:

Tomkins In Nemine. Version 1 . M.B. v. No.10
In Nemine. Version 2 M,B. v. Ne.11
Voluntary ' M.B. v. Ne.30
A Substantial Verse M.B. v. Ne.31
Fancy; for viols M.B. v. No.33
The Perpetual Reund M.B. v. No.66
G. Farnaby Fantasia M.B. xxiv. Ne.8
Byrd ' Hexachord Fantasia M.B. xxviii Ne.6k
Gibbens Fanta#ia M xx Ne.9

+B.
.B. }d.v. Ngt 17
-Bo
.B.

Bull ' Hexacherd Fantasia M
Salvator Mundi M xiv. No.33
Chromatic Galliard M ddx. Ne.87.b.

Thomas.T@mkins : In Nomine. : M.B. %. Nes. 10 and 11.

The twe versiens eof this In Neomines are better taken together becausé
the same remarks apply te each. They require 2 thirteen-nete scale,
the'additional nate being D sharp. They preseat little or ne_Problem
in being played meantone, as the follewing extracts, which give the oenly

appearances of the D sharps and E flats, show:

e —
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Themas Temkins : Veluntary M.B. v. No.30

The Scale required is:

Example 55.

X
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 The additiemal nete is an A sharp, but there is alse a D sharp

instead of the standard E flat. The A sharp makes only ene appearance:

Example 56. Tzﬁdié'valhesfﬁélvqﬁiz
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but the B flat is needed much mere frequently:

83.




8k,

M1
jr

Q
—— *af
j 4
J H
-
(
a4
B
o
4L}
7
e{

-
1
TT%$
L |-
L
®
9

The D sharp appears three times at cadences, once in the seprane, and

twice, like the instance queted belew, im the alta:

'Example 58.

A Substantial Verse. : M.B. v. Neo.31.

Thomas Tomkins.

The scale required is:

Example 59.

The alteration from meantone is the additien of an A flat, whese

enly appearance is at bar 11 (see Example 48), and opinion abeut it

has already been given.
The Perpetual Reund. :  M.B. v. Ne.66.

Themas Tomkins.

The Scale required is:
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Example 60,

4
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The A flat is used twice. . One is eriginal, the ether editorial.

The instances are:

Example 61, (Original)
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If the secend example sheuld be anm A flat, perhaps there is anether in

bar 23 where the pattern is virtnally the same.

l Exam;gld 63.

nﬁl}_, .

g 3

Even if the editorial A flat and my-A flat are both admitted, their

presence is net of great significance.
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" Giles Farnaby. : Fantasia. : M.B. xxiv Ne.8
3
The Scale required is:

A e
/ : 1
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| The:A flat appears in twe bars:

Example 65 .a. and b.
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the G sharp in three:

Example 66 a. and b,

L
o 4

None of the appearances of each nete are particularly prominent, ner
weuld it de great violence to the music whichever of the netes in

question was substituted for the other.




John Bull. . Salvator Mundi. :  M.B. xiv. Ne.38.

)

The Scale required is:

Example 67.

. g

——= = TheEe —

-
Boeth notes make enly ene brief appearance.

~ Example 68 a,
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Example 68 b.
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Since neither note has much significance it matters little which

“alternative is'chosen. but the D sharp has a strenger claim te preference.

. John Bull. : Chrematic Galliard. : M.B. xix. Ne. 87.b.

The Scale required is:

Example 69.

Again a scale ef thirteen notes is required tegether with the

alterations D sharp fer E flat and A sharp for B flat from the standard

meantene.

37.
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The abgence of a D sharp weuld cause some discemfort in bars 43
and bh, 2

but its ether appearances .are of little significance.

The A sharp is required in a similar cadence figure at bars 45 and
46, but in addition te this, bar 48 wauld suffer badly frem a substituted
B flat and bar. 60 is identical:to it:

Example 71.

- The E sharp appears twice. Once in a typical cadence figﬁre
' Example 72.a., and the secend time again at a cadence peint but witheut

the netes of anticipatien, Example 72.b.

. Example 72 a. and b.
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It is werth noting that the E sharp in the last example aﬁpears as an

F natural in the éellectien of keybeard music which ence belonged to
" - Benjamin Cesyn and is now in the Paris Conservateire. It is believed

that the part of the manuscript which centains Bull's werks was in his




own writing) probably compiled absut 1611 before his flight te Brussels
in 1613..

William Byrd. : Hexacherd Fantasia. : M.B. xxviii. Ne.6k

The Scale required.is:

Exaﬁgle 73

al
7

—1 ' T 5

o4
Fourte;n-ﬁofes are needed, but the appearance of the D sharp is very
brief and ernamented. See Example 41.

The E flat is required frequently and in contexts which wauld render it

a necessity.

The A flat, toe, makes but ene appearance and is ernamented, but it

is a lenger nete tham the D sharp just queted:

ExamEle 7""0
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The "G sharp is required mere frequeatly altheugh it is never leonger than

a minim and it is quite often orpamented:

Example 75.
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If a cheice between the netes ﬁas to be made, G sharp would be preferred

because of the number of its appearances.




Orlande Gibbens.,

Fantasia. : M.B. xx. No.9
The séale required is:
' Example 76.
sl ==
— 1
19:

Example 77. a., and B,

\

Fourteen netes are required, but the D sharp appears ence only:
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The E flst, hewever, is much in demand and would cause many memeats of
dissenance if it weree replaced by a D sharp.

(Example 77.b.)

The G sharp makes ene brief appearance disguised by an ernament

cover up.

Themas Temkins.

The A flat is enly needed in ene bar toe, but it is less easy te
(Example 770 Ce )

A Fancy;
The scale required is:

for vials.

M.B., v. No.33

90.
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 Fourteen notes are required, aﬂﬁ if attempted in meantone thers is the
added alteration ef D sharp fer E flat, witheut which the opeaing bars

weuld be less tham satisfactery:

~Bxample 79. {(note valuss hadied).

The harmenic use of the D sharp is ef even greater impertance, and such
passages as the one queted belew would suffer by having an E flat

substituted for it:

Example 80,
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The E sharp in bar 20 weuld cause an awkward moment:

Example 81,




The cherd of C sharp major is net available meantone, and since this is
a straight ‘-Terward C sharp majer chord, with the E sharp in the bass net
being delayed Sy a suspensiea eor ernamented, some csnsiderable dissonance
cannet be aveided,

The E sharp makes enly ome appearance, the F natural is required
eften. The case is different with the A sharp - B flat clash. ﬁeth
netes aré required frequeantly, the B flat in eight bars and the A sharp
in six, the latter being mere impertant harmenically. The most impertant

sectien centaiming a B flat is:

Example 82.

1

but the A sharp is required in such sectiens as:

Example 83.
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In this case the choice is difficult, but ef the two the A sharp is to

be preferred;

92.




Jshn Bull, H Hexacherd Fantasia. : M,B., xiv. Ne.1?7

by
The scale required is:

Example 84,

Nineteen different nstes are required, the enly enharmenic

equivalents missing, witaeut using deuble sharps er flats, are F flat
and B sharp. Hexacherds are formed beth ascending from and descending

te the follewing netes:

C DFlat D Filat E ¥ Foharp G hflat A 3fist B
The cherds required include:

F sharp major (b.14) B major (b,14) G flat majer (b.20) E flat
minor (b.20) A flat miner (b.20) D flat majer (b.21) C flat major

(b.21) A flat miner (b.25) F miner (b.27).

This information alone is ensugh te make any form of meantene impessible,

and the fellewing extract cevers seme ef the bars mentioned:

Example 85.
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The examples given in this chapter have shown some of the
difficulties of thinking in terms ef meantens temperament. for the music
under discussien. It must be borne in mind that only the difficulties

have been shewn, and they are confined to 78, or 13.1% of the 594 pieces
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studied; 516, or 86.9% of them can bs played on a standard meantone

2
tuning withsut any alteratiea. The facts, hewever, must be reckened
with, and it has besen the intentien of this chapter to present such facts

as are relevant in a study of temperament.




- CHAPTER 6.
CONCLUSION.
Tt is yot possible to be certain about the temperament used by
. the English Virginalists at the distance of four huﬁdred years, without
possessing specific doéumentary evidence dating from the period. Such
documentary evidence does not exist, but such. evidence as does exist
_has_already been presented. -Whatever the temperament was, it must fit
into the two broad categories of regular or irregular. of thé regular
temperaments, the many forms of meantone previously described form the
bulk of thg available evidence, coupled .with a few hints at equal
tempefamegﬁ} the latter being mainly concerned with the tuning of
fretted instf;;eﬁts. Of the irregular temperaments, only that of

Arnold Schlick (1) comes close enough in time to be seriously considered.

One témperament which receives no documentary support in the
sixteenth and seventeenth centuries is modified Pythagorean temperament.
The details of setting a scale have been given, and the following extract

continues the quotation from An Amateur at the Keyboard, which was begun

on page U9.

We should keep in mind that from the sixteenth into the
nineteenth century tuning was more variable and flexible than
jt is now, and the capacity of skilled musicians to detect
and provide for subtle adjustments greater than at present.

A comparable skill in adjusting intonation is expected of
string players in chamber music today.

The tempered Pythagorean tuning is very effective for
the playing of the earliest keyboard music aad for English
keyboard music as late as Purcell. It solwves the problems
of the modulations in the famous Hexachord by John Bull so
effectively that, on the example of this pisce alone, the use
of tempered Pythagorean for English Elizabethan music seems
very probable - although for a considerable part of the
l1iterature a straight Pythagorean would suffice. This would
indicate that the Elizabethan keyboard music was conceived
round the interval of the fifth, whereas keyboard music using
a tempered just intonation (meantone) is figured more often
around the interval of the third. This is not dogma but a
guide to further explanation.

It may be asked why no documentation of this tuning for
Elizabethan keyboard music has survived, I would point out
that there is no documentation for the playing of the two
commonest types of Elizabethan ornament, the single and the
double line through the note stem. Apparently the composers
took so much for granted the common elements of tuning and
embellishment that they felt and foresaw no need to document
them - as, today, no one has effectively documented jazz
rhythmic notation. We who take our classical harmony for
granted make the same assumption, scarcely realising that in
our lifetime the very foundations of harmony are again

(1) For details of this temperament see Appendix C.

9.




| changing - if indeed, in the music of the future, any harmony as
we know it will remain. (2)

The main difficulty of using modified Pythagoréan temperament in a
harmonic context is that the major third is very wide, wider even'than
that of equal temperament. In the scheme for setting the octave which
is proposed'{n the above mentioned book, the thirds C to E and G to B
would be Pythagorean thirds. . If the fifth C down to F is left perfect
also, there are three very -common triads, C, G and F with Pythagorean
thirds. These three triads alone are sufficient to make one consider
the.temperament unlikely at a time when theorists were striving for
perfection of harmonies. The tempered fifths suggested help the chords
which contain black notes, but the tempering needs to be considerable to
 make the Bull Fantasia playable. Whilst I would concede the point that
the chords so produced will differ from each other and therefore lend é
variety which equal.temperament would lack, I caannot be convinced that
such a group of harmonically poor chords would have been tolerated,
unless the claim that Elizabethan keyboard music is conceived round the

interval of the fifth can be substantiated.

This 6laim, on the contrary, seems to be completely at variance with
the musical facts. It has already been demonstrated that the interval
of a third was of considerable importance. Not only does it qualify the
mode of the_chord (very few chords are without it), but chords with roots
a major or minor third apart are very prevalent (see page 66 ff). If
‘such play on thirds was confined to keyboard music perhaps a case could be
made that the differences in the thirds produced by the suggested modif-
jcations to Pythagorean temperament would add harmonic 'spice' to the
music, but this is not so. The interplay between major and minor chords
and the progression of chords with roots a major or a minor third apart
are.to be found in music other than that for keyboard. To make out.a
case for modified Pythagorean temperament on the strength of one piece,
the Bull Fantasia, and then to argue from this that keyboard music was
centred round the interval of a fifth rather than a third, seems to
ignore'too much of the evidence available. -

A further weakmess in the argument is that there is no reference by
scholars of the period to such a temperament being used. This is
explained by pointing out the lack of information about ornamentation in
the music of the virginalists aﬁd suggesting that the conventions of the
time would be common knowledge and therefore require no documentation.

This may have been the case with ornamentation, but it was not so with

(2) Yates, Peter.' An Amateur at the Keyboard. London 1965.




temperament. There was a great deal of interes? shown by scholars 'in
the quesfioﬁ of témperament and a considerable ééount of writing is

still available to us. Keyboards with more than twelve different notes
to the octave were the usual solution to problems of temperament, and
information about these has already been given, Temperaments were
thoroughly discussed and documented, but no refersnce is made to modified
.-Pythagorean témperament as a poésibility, and it seems unlikely that a
témperament in current use woqld_be.comp1etely ignored when so many others

were -discussed.

The characteristics of style discussed in the chapter on the music
do not of themselves present a strong case for a particular'temperament.
~ They do, however, have a bearing on the subject when some of the implic-

‘ations of their use are studied in more detail.

Of Byrd's use of false rélations in vocél music H.K. Andrews writes,
- “Byrd's simultaneous use of simultaneous cross relations, though generally
less in extent than is generally supposed, shows much variefy and an
unfailing sense of contrapuntal logic." (3) . His comments on another
~.use of false relation by Byrd, namely the English cadence, are also
‘revealing, "Byrd'é use of the English Cadence is both more extensive and
more varied than that of any of his predecessors or contemporaries .eesee.
. The greatést intensity is found in the English liturgical settings and the
Latin motets for a large number of voices; the least in the secular -
-madrigals and masses (in these latter no cases have been found)." The
interest from the point of view of temperament is that the Church settings
would probably have beén accompanied by the organ. . Since organs would
have been meantone tuned, the harsh effects of such false relations would
be quite familiar to singers, instrumentalists, composers and listeners.
In a vocal composition it would be pessible at such points to allow the
organ to hold the basic chord and let the singers supply the false relation.
This would minimise the effect but still associate:. it with meantone tuning.
 The secular madrigals would have been sung unaccompanied or in association

with viols which would have been tuned to equal temperament.

_ From the facts already given (4), it is obvious that Byrd liked the
effect of false relations on a keyboard. In his secular vocal music, which
would be accompanied by viols if accompanied at all, this type of dissonance
appears with least frequency. It appears, then, that in circumstances

under which we might now favour such effects, they were less often found.

(3) Andrews, H.K. The Technique of Byrd's Vocal Polyphony

London. 1965. -

. (4) See page 57.
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Word painting by means of chromaticism, however, was more readily

available in secnlar compositions. The following examples from the

madrigal Come woeful Orphsus, would have besn difficult to accompany in

meantone, and any such progressions would be impossible to contemplate

solely on a meantone tuned instrument.

Example 86a.
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Perhaps the rather harsh effect of false relations in meantone was !’
a consolation for the lack of harmonic flexibility. Where such flex-
ibility was possible it was used; where it was not possible the pungency
of the false relation could act as harmonic variety. As Dr., Ernest VWalker
says, when dlscu531ng false relatlons, "it does not help matters much to
argue that with a system of unequal temperament they would sound a little
less curious.”" (5) In fact, it would be very misleading to suggest
they sounded Mg little less curious" in ‘unequal (meantone ?) temperament.

The whole temperament sounds- Meurious" t6 modern ears with its flat thirds

- and sixths and large diatonic semitones (by comparison with those of equal

temperament), but false relations in particular sound more intense than in

equal temperament or flexible intonation.

This need not prevent the use of false relations in circumstances of
flexible intonation. The 'narrow' effect of meantone false relations
could be copied if so desired, but since false relations, a notable feature
of his virginals music, are more prevalent in Byrd's Church music - meantone
influenced - than his secular music - flexible intonation or equal temper-
ament influenced-- it can be argued that his virginals music was more

likely to be meantone tempered than equal tempered.-

Details have already been given about the relevamnce of the movement

‘of chords with roots a tone apart, the close juxtaposing of chords with
roots a major or minor thirﬁ apart, and the juxtaposition of major and
minor chords on the same root, to the question of temperament. It should
also be mentioned that in some of the large motets of Giovanni Gabrieli,
the juxtaposition of chords with roots a major or minor third apaft is used
purely for harmonic effect, whilst the chromatic madrigal in Italy during-
fhe period under discussion made use of juxtaposing of major and minor
chords on the same root. It is interesting to speculate further on the
" juxtaposing of chords with roots a major third apart. In keyboard music
the remoteness of such chords from each other would be much more apparent
on an equally tempered instrument than in meantone or in just intonation. -
This remoteness is caused by two wide major thirds being superimposed on
each other. The tendency in temperaments seems to have been towards a
gradual sharpening of the major thirds until equal temperament was reached
(except for Pythagoreén temperament which was used for melodic purposes).

A cursory glance seems to suggest that as the thirds became sharper so the

(5) Walker, Ernest. History of Music in ¥ngland. Third Edition.

Oxford. 1952.
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uée of,majgr triads a major third apart became less until equal
temperamene'was firmly established. The distance achieved by
tempering the thirds then became exploitable as a means of achieving

a contrast to the-classical movement of chords by roots a fourth or
fifth apart. Much moré time would need to be spent following this idea

to see whether it could stand more detailed investigation.

_ How much the above paragraph adds to the discussion of the temperament
of early keyboards is open to question, but the subject matfer of the
succeeding paragraphs is fundamental to any such discussion. If meantone
is.to remain as a likely, or even as-a possible temperament, the facts
presented by pieces which contain notes other than those to be found in a

standard meantone tuning_cannot. be ignored.

The first contentious matter concerns the retuning of instruments.
Charles van den Borren's assertion that instruments were not retuned for
different pieces has already been quoted, as has Alan Curtis' reminder
that they could have been rétuned or that different instruments could have
been used. Unfortunately van den Borren does not give any authority for
his statement and that of Alan Curtis is given as a suggestion rather than

a fact.,

Large public concerts such as those with which we are now so familiar
did not exist in the late sixteenth and early seventeenth centuries.
Keyboard music, other -than that for organ, was in its infancy, so
professional recitals would be unlikely except perhaps at private gatherings.
The most likely place for the need for instrumental tuning to be felt would
‘be in the homes of people who could afford the instruments and had sufficient
- leisure time to play on them. The historical tradition in keyboard playing
seems to suggest it was the pastime of the ladies rather than the gentlemen
. of the time. Although the idea that the word virginals has anything to do
with the Virgin Queen or the fact that young ladies played on the instrument
has now been diacredited,'Queen Elizabeth was a good keyboard player,
Domenico Scarlatti spent his life in the service of Princess Maria Barbara
who must also have been an excellent player, and even as late as Victorian
times it was still thought of as a requirement for any young lady of society.
If the lady of the house or her daughters were the most likely players they
would probably be unable to change the note or notes in question, and few
houses would employ a keeper of instruments to be on hand to make the
necessary adjustments at any time. Since it is a fairly simple matter to
chaﬁge an E flat to a D sharp etc., it may have been possible to have bne

member of the household trained to do so, but this is purely conjecture.
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Instrugfnts would also be swned by professional musicians and
gifted amateurs, most of whem could easily have tuned their own
instruments or at 1éa$t have been able to adjust odd notes on them as
required. Whefher or not they did so is also a matter for conjecture,
but the fact that they could easily have done so cannot be lightly .
dismissed. I: hardly think it likely that someone whe could easily alter
an B flat to a D sharp would hesitate to de so if the music called for it,
SQ.I am unable to accept it as a certainty, without mere pesitive document-
ary evidence to suppert the suggestiea, that instruments were net tuned
.with a particular piéce of music in mind., Those whe could not alter the
'reqﬁiréd noetes would either have te play pieces which need ne alteration,
- and most of the pieces fall inte this categéry, or accept the faultj

intonation which weuld result.

There is a certain ameunt of documentary evidence to suppert the views
expfessed abeve; Taking first the peint of faulty intenation; the - .
écceptable level of dissonance, even among skilled musicians, mustbe con- ‘
sidered in the light of the evidence supplied in the Giles Farnaby FPantasia
(6). . Continual referance must be made to this quetation when the question
of the tolerability of dissenance is raised. Taking next the pessibility
of E flat or D sharp as alternatives to each other; dinstruments were
constructed which gave such alternatives, if the alternative was not offered
by split kéys it was still available by retuning, if one was capable of
deing so. As to the nﬁmber of pisces in which any alteration from standard
meantone is required, detailed infermation appears elsewhere in this study,
but this can be summarised by saying that of the 594 pieces studied, 516

were playable withgut.alteration, 78_were nét.

If my categories of essential, highly desirable and tolerable are
accepted, frem an examinatien of the incidence of notes not in meantene
tempsrament, the follewing picture concerning the dissenances invelved
emerges:

in 24 pieces a change is essentialj

in 25 pieces a change is highly desirable;
in 29 pieces a change of note is net necessary.

In terms of percentages of the 594 pieces studied this means:

a change is essential in L,0% of the pieces
a change is highly desirable in L,2% of the pieces
a change is not reguired in 4,9% of the pisces,

I

which leaves 86.9% playable without alteratien.

(6) See Example 53.
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In che twenty four pieces in whlch I have considered a change of

nete to be essential thers are 1528 bars, only 117 of thess would be
strongly affected if no change was made in the notes used. The pieces

- in which I have suggested that-a.change of note is highly desirable are
‘even less troubleseme. In the twenty five pieces cencerned, only 63 bars
are affected; and, as peinted out in thé chapter on the-music, many of
these ceuld be overceme by the judicieus use of ornaments. Of thess in
which a change af note.is net really necessary very little needs to be said

- except that in the twenty nine pieces cencerned only 42 bars are affected.

' These flgures bring the difficulties of using meantone temperament

inte preper perspactive. - In 594 pieces of music only 78 contain notes.not

:available im|meantone, and in the 73 pieces only 222 bars are affected,
' 117“of them strengly, 63 of them neticeably and 42 of them hardly at all.

| If the pessibility of retuning is admitted, the number of pieces
 affected falls steeply-from 78 te 12. The twelve pieces concerned have
‘been discussed individually already because they are net at first sight
playable in meantone at all, but selutions. for them will.be attempted in
due course. Of the 66 pieces which require one or twe alterations from

the standard netes of meantone, anether possibility remains to be explored.

Many Italian harpsichsrds of the sevent-enth century had split keys

. for certain netes other than these requlred for the broken octave bass.
Details haﬁe already'been“given in the chapter ean instruments. It is net
without significance that the netes addéd to the standard keybeard were _
_D-éharp,.A flat and A sharp, making keybeards ef 13, 14 or 15 notes depending

on how mény of the extra netes were added to the instrument. Instruments
which had all the extra netes weuld be able te play all the 73 affected

pieces with the exceptlon of the folleowing:

John Bull.
Hexacherd Fantasia M.B. xiv Ne. 17

Chromatic Galliard M.B. xix No. 87b.

Themas Temkins.

Fancy: for viels : M.B., v Ne. 353

If the E flat enly is split, ailewing a D sharp as well, 52 of the
78 bieqes immediately become playable. If the G sharp is split, 17 of the ;
pieces become playable. If beth the E flat and G sharp keys are split, the
69 pieces are augmented by twe mere thch contain both D sharps and A flats, |
making 71 pieces-in all. The addition of an extra key for A sharp alone
would net render any of the 78 pieces playabie, but coupled with a split E
flat key it weuld allew four mere pieces to bé added to the list. The -
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‘splitting ofi E flat, G sharp and B flat would therefore make 75 of the

78'pieces playable leaving only the three named above.

In the section dealing with the music, twelve pieces were classed
as unplayable on a meantone temperament, Although the figures in the
paragraph sbeve shew that only three of these would remain unplayaﬁle if
three split:kéys were available; full details of the way in which all

- twelve can be played in meantene is given below.
' Themas Tomkins. In Nomina. M.B. v. Nos. 10 and 11.

A split E flat would render these two pieces playable in meantene, but, as
already stated, very little violence would be dene to the harmeny if an

B flat.were to be used througheut, since the D shar§ appears only once
(Ex. 48a.). The two notes appear in different octaves so it would be
pessible to tune the notes required, true, but it seems unlikely that in
this case it would be deemed necessaﬁy to do se and thera is no documentary
evidence to support any suggsstion that different tunings were used in

different octaves, but the fact remains that it is a possibility.

The most likely solution in the case of both of these pieces is to
accept a normal meantons tuning and accept the small amount of dissenance
invelved. '

Thomas Tomkins. Voluntary. M.B. v. No. 30.

‘The objections to a normal meantone tuning are the three D sharps and
one A sharp. An instrument with split keys for beth E flat and B flat
solves the preblem immediatély. On a standard keybeard, the E flat can be
. tuned as D sharp since E flats are net required but the B flat must remain,
as it is frequently used.

The one appearance of the A sharp can be ornamented if se desired,

but it is seo short that, if left as it is, it causes little discomfort.

The piece can be played on a standard meantone tuning which then means
. there are four occasions on which mistuning shews. They can all be disguised
by ornamentatien, but since they are each enly a crotchet in length, little

violenca is done to the harmeony by accepting them without ornamentation.

Thomas Tomkins. A Substantial Verse. ¥.B. v. No. 31.

The appearance of one A flat a demi-semi-quaver in length would suggest
that any alteration to standard meantone temperament is wanecessary. A

split key for G sharp remeves even this small inconvenience.
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. Thomas Tomkins. The Perpetual Round. M.B, v. No. 66.

. The facts aﬁeut this piece are stated on page85 and examples are

" given of the appearancns of A flat which is required as well as G sharp.
Only ene A flat appears in the ariginal (Ex. 61), another is given as
an editorial addition (Ex. 62), whilst a third would appear to be

necessary_lf the editerial A flat is accaepted (Ex. 63).

Acceptlng all the accasions as necessary means G sharp for A flat
;'on three occasions, twe of which are a semi-quaver in length and one
“(the eriginal) a.quaver in length. A G sharp can easily act in piace of
these A flats, but again a split key for G sharp aveids these sllght

_mlstunlngs.
'Giles Farnaby. Fantasia. M.B..xxiv. Ne. 8.

_Thé extra nete requifed is again an A flat is additien te the

étandard G'shafp. - The A flat appears in two bars and the G sharp in

three, one appearance being ornamented. The G sharps are all cretchets
whilst twe of the A flats are a quaver in langth and the third is a semi-
_quaver. On nete lengths only G sharp appears to be the best choice, but
this produces a dissonance which appears te last for three quavers. The
_ cheice, however, does not greatly affect the harmony so probably the G sharp
" is the nete te cheose. Tws quaver A flats can 2asily be ornamented, but do

little damage to the harmony if they are net, whilst a split key for G sharp

',jresolves the difficulty completely.

Jehn Bull. Chrematic Galliard. M.B. xix. No. 87b.

; . This is unplayable on a standard meantene because it requires D sharp,
'A sharp and E sharp, nene of which can be easily replaced by its enharmenic .
.gduivalent. The full story is mere clearly teld by reference to Examples
. 70, 71 and 72 -a. and b. Witheut split keys for E flat and B flat the only
-'solution.is to retune, and since neither E flat nor B flat is required,

this simple.measufe leaves only the E sharp to explain. If these notes are
net ratuned censiderable violence is dene to the harmony in 11 of the 64
bars and there is a slight ameunt of discomfort in 3 of the others. The

E sharp cannet be a retuned F Because F natural is used frequently, as are

E and F sharp, the only ether available netes which might be retunable to
Iprovide an E sharp., An F seems the enly selution and this is exactly what

appears in the Paris Conservateire manuscript. I; the suggestion that this
‘part of the manuscript is in Bull's own writing is true (7) it forms another

jnstance of the acceptance of a level of dissonance which we would find

distasteful.

(7) Dart, Thursten. Introductien to Keyboard Music of John Bull. Vel. II.
. and editerial nete on bar 59 aof Ne. 37‘ in that volume. (Musica

Britannica XIX. 1963)
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If meantona temperament is used, the enly reasonable solution is

hnl

to retune the E flat and B flat and accept the F natural as an out of
tune E-sharp in bars 47 and 59. For the ratuning I can quete no

autherity, but for the F natural I can, it seems, quste Bull himself.

William Byrd.  Hexacherd Fantasia.  M.B. xxviii. Ne. 6h.

In this werk a D sharp and an A flat are required in zddition to
the E flat and: G sharp of standard meantene, the relevant bars are
queted as Examples 41, 74 and 75. The D sharp which appears only in
“bar 113 is se shert that even the srnament with which it is graced ceuld
‘net be considered a necessity in comparisen with dissenances we knew te
have been @cceptable, altheugh the ornament takes away some of the effect
of fhe dissenance if.an B flat - an essential note in the cempesitien - is
' ﬁsed inétead of a b sharp. The A flat is a minim in length but appears
in enly one bar; " If, in this case (Ex. 74), the deuble line ornament is
taken as representing a trill, the effect of usiang a G sharp fer the A flat
is much reduced. At worst, interpreting the deuble line oraament as a
merdent dees net seriously disturb the harmony for mere than abeut a quarter

of a bar in a cempesitien of 139 bars. This, compared with written dissen-

. . ances is well within the limit ef toleration. For this piece, a standard

meantone tuning serves very well, and the twe points at which slight disson-

~ ance ecburs are brief, Split keys remeve even these discrspancies.
Orlande Gibbens. Fantasia. M.B. xx. No. S.°

The netes required in additien te these of standard meantone are again
D sharp and A flat., The E flat is an impertant nete and causes much mere
dissenance if reblaced by a D sharp than it dees if used as a substitute for
o D sharp. In fact; the D sharp is enly required in bar 29 and one of its
twe appearances in that bar is ernamented.. An § flat is quite an acceptable
substitute. The G sharp and A flat each make one appearance (Bx. 77 b. and c.)
and, altheugh the G sharp is given an srnament and the A flat is net, if the
piece is attempted in meantone the praximity-of the G sharp (bar 30) to the
D sharp (bar 29) which weuld have -been replaced by an B flat, suggests it
. is better to leave the G sharp true and use it in.place of the A flat in
bar 34. The alternative suggestion of retuning the G sharp to A flat and
" se putting beth dissenances tegether (as they are in the manuscript version
of the Giles Farnaby Fantasia previously quoted) leaves the rest of the work
free from harmenic irregularities. ‘Whichever of the twe solutions is
_adopted the amount of dissenances invelved if this piece is élayed on a
standard meantene tﬁning is very small. Again, split keys for E flat and

G sharp everceme the difficulty cempletely.
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Thomas Tomkins., A Fancy : for viols. M.B. v. No. 33.

D sharpy A sharp and E sharp are required in this fancy, but since
E flat is not required, the D sharp difficulty can be resolved immediately
by retuning the E flat. Examples 79 and 80 refer to some of the harmonic
difficulties which result if the E flat remains. The I sharp gives a poor
_chord on beat three of bar-éo if it is replaced by the more frequently used
F natural, butrthis is no worse than the chord Bull accepted in the 59th bar-
of his Chromatic Galliard. '

A much more difficult problem is presented by the choice between A
_sharp and B flat. When discussing the piece in the section on the music I
suggested that of the two the A sharp is preferable. Neither note is a
suitable substitute for the other and to express a preference for A sharp
is simply to suggest the lesser of two evils rather than give a workable

solution.

If split kéys are acceptable or available for E flat and B flat the
dissonance is then reduced to the chord on beat three of bar 20 in wvhich an

hnl

F natural does service as an E sharp.

It seems most likely that the piece was not intended for the keyboard

at all. The title given in the index of the Manuscript Reserve 1122 in

La Bibliotheque du Conservatoire, Paris, is Fancy for 5 viols, and Stephen

Tuttle in the Textual Commentary of Musica Britannica Vol. v. says of it,

“the short score version of this fancy for viols is included here only
because Tomkins includes it with the keyboard pieces in Paris 1122."
‘Although the Fancy was not originally written for keyboard, Tomkins must

- have thought it playable on a keyboard as it stood otherwise there is little
point in his including it. The instrument on which it was played must have
had a split key at least for B flat, or the resulting high level of

dissonance must have been considered tolerable.

From our knowledge of eighteenth century practice we could argue that
this short score was written out as a keyboard continuo pért,in which case
"the E flat on the keyboard could be tuned as a D sharp, the original B flat
of meantone retained, and, in performance, the offending notes omitted in
the keyboard part and left to the viols. This, however, is not in accord

with the practice of the early seventeenth century.

Bottrigari classified instruments as entirely stable, stable but
alterable, and entirely alterable. In the first category he placed key-
boards, in the second those with "frets or openings", and in the third

“trombone, ribechini, lire, and the like.!" Of instruments in the first two
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categories he says:-
the stable and stable-alterable E.nstrumentsj cannot unite
perfectly, because they ssund dirferent spacies (ef scales),
and the *greatest cause of this is the difference of the
semitones., (8)
_ These views were expressed by an Italian Qriter, but they may well
have reflected the attitude of Engiish musicians tee. Ernest Walker,.
making comment on the general interest in musical matters in the early
seventeenth century writes:
Te a large extent this enthusiasm ewed its gefms to foreign
influences and especially te these emanating from Italy, a
coewntry that was being mere and mere brought inte clese
literary and artistic relatiens with England. (9)
'-_' Although the ergan (stable) was used te accompany voices (entirely
altqrable), there is ne decumentary evidence te suppsrt the use of
" stringed keybeards, as instruments sef accempaniment, and harpsicherds
and viels fall inte the categeries of stable and stable-alterable, the

twe categeries which, accerding te Bettrigari, cannet unite perfectly.

Jahn Bull., Haxachord Fantasia. M.B. xiv. No. 17.

This is the one rock en which any suggestien that all ﬁusic by
English Virginalists was played en a standard meantsne tuned instrument
must founder. No reasenable claim can be made that the piece was intended
for viols and not fer the keybsard, ner can its many harmenic difficulties
be reselved by suggesting split keys. If this latter suggestion were made,
the netes D flat, G flat, E sharp and C flat would still be left unaccounted
for, becauée split keys were not nermally fitted te more than the three

netes E flat, G sharp and B flat.

This werk was mest likely written fer one of the enhﬁrmenic harpsi~
léhords which had mere than the nermal twelve netes to the octave. Specific
mention ef these unerthedesx instruments is made in the chapter eon instruments.
Of the instruments described, one contains exactly the nineteen netes which
Bull requires for this Fantasia. The instrument is the clavicymbalum
universale belenging to Charles Luythohand described in seme detail by

Michael Praetorius. The enly other keybeard with nineteen hotes to the

octave is that described by Mersenne as "a perfect harmonic keyboard with

nineteen keys te the octave", but this keybeard, a sketch of which is given in

" Mersenne (10), dees net centainm all the notes required by Bull, nor are they

‘pesitioned in such a way that they ceuld be readily retunable te play the

netes required in this Fantasia. The instruments with more than nineteen

(8) Bettrigari, Ercele. Il Desideris. 159k,

(9) Walker, Ernest. A History of Music in Bngland. Oxford. 1952.
(10) Mersenne, Marin, Harmonie Universelle. Paris. 1635.

Modern Translation by Réger E. Chapman,
The Hague, 1957.
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notes to the octave (e.g. the archicembalum of Trasuntino) ceuld have
been used, but the clavicymbalum universale seems the more likely both

because of the netes it centained and its association with Antwerp,

Charles Luythonbaing a native of that city. The Harvard Dictienary Of
Music (the entry for 'arcicembale') states unequivecally that,
"compesitions such as John Bull's fantasia en the Hexachord, 'Ut, re, mi,
fa, seol, la' (Fitzwilliam Virginal Beok i, 183 ....) are evidently written
for this instriment." Unfertunately the descriptien it gives eof the
instrument that, "if had 13 keys in each ectave, namely in additien to the
diatenic tenes -~ C sharp and D flat, D sharp and 5 flat, F sharp ahd G flat,
G sharp and A flat, B flat, E sharp and B sharp" is one note - A sharp -
short of these required te play the Fahntasia. Hewever, this is obviously

a slighf error because in Syntagma Musicum, which is queted as the autherity

for this informatien, Prastoerius gives, in Chapter x1, a section of musical
stéﬁe shéwing the actual nstes in each octave, tegether with a diagram
shewing the pesition ef each nete on the keybeard. The notes are nineteen
in number and include an A sharp as well as the notes stated in the abeve

quetation frem the Harvard Dictionagz:

Anether argumeni in favour ef the clavicymbalum universale as the
instrument for which Bull wrote the Fantasia is that Bull obviously enjoyed
writing music which required a considerable technique on the part of the
performer. An instrument which had many mere netes than a conventional
keybeard presents a challenge which it is difficult to ignere. The fact
that the instrumént was unusual prebably accounted for this being the only

éompesition Bull wrete for it.

A further selution weuld be an alteratien in the temperament. If se,
what was the alteratien? BEqual temperament is the obvious cenclusien. If
this were the case it seems an iselated example of its use. Dr. Murray
Barbeur's-suggestien,queted in the intreductery chapter, is alse a pessib-
ility. It seems te be mere than ceincidence that the notes required are
exactly thesé available en the clavicymbalum universale, but an irregular

tuning fer the purpese of playing this piece cannet be ruled out.

In this chapter my theughts have been directed te explaining hew a
maantene tuned instrument could be made to accommedate pieces which at first
sight are net playable on it. An obvious answer te tha preblem which
eliminates all the difficulties immediately is to admit to equal temperament.
" A mement's theught, hewever, reveals this as the clarity of hind-sight, since
by se deing we are ignering the alteratiens in nusical pragtice vhich have

taken place over the period ef thres and a half canturies which separates us
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frem the music concerned. The matter of equal temperament was under
discussien during the eighteenth century althsugh it is net clearly
established that the temperament was then in use. Godfrey Keller's
- tuning rules fer harpsicherd and spinst were widely circulated and were
reprinted beth in the appendix to William Halder's Treatis® sececcscscas

of Harmeny (Lenden. 1731) and in Part IV of Peter Prelleur's Modem Musick

" Master. They are sometimes considered to refer to equal temperament, but
the infermati;ﬁ given is-epen toivarieus interpretations. Keller says,

: “Observe all the Sharp Thirds must be as sharp as the Ear will permit and
all Fifths as flat as the Ear will permit. New and then bj way of Tryal
teuch Unisen, Third, Fifth and Eighth, and afterwards Unisen, Fourth and
Sixth." J. Murray Barbeur argues that it is impessible feor the thirds te

... be.very sharp and the fifths simultaneeusly very flat. In one-fifth comma

" meantone, where the errer in fifths and thirds is equal, the error is net
large. He suggests that, "Keller's rules weuld read better if he had said
the fifths were te be only slightly flat." A cléeser leek at the original
instruction reveals that "all the Sharp Thirds must be as sharp as the Ear
will permit,"” net all the thirds. It dees, however, say "3ll Fifths as
flat as the Bar will permit."” There is ne mention of a "wolf fifth", but

the tuning scheme: printed in the Modern Husic Master clearly shows a "wolf

fifth" - G sharp te E flat. It is pessible that the temperament referred
te is seme form ef irregular temperament in which all fifths except the
"wol £V are‘flat and the thirds vary, seme being sharp, and seme not.
Anothef interpretatien might be that since the fifth is a mere sharply
defined interval than the third, the ear weuld permit mere shurpening of
the thirds than it weuld flattening of the fifths, in which case (ignering
. the written "welf fifth" in the tuning scheme because the change frem sharps
‘te flats must appear semewhere unless all the accidentals are written either
~ a5 sharps er flats) the scheme may refer to equal temperament, or semething
near it. The seQenteenth century dees net seem te have regarded the
'temperamént highly. The theeretical writers de net admit it as a regular
temperament for keybeards altheugh it was prebably the temperamenf used for
fretted instruments. The following gquetatien puts the matter very clearly:
the Clavicembale, the ergan and their like sound twe unequal
semitenes, one larger than the ether. The lute and the viols
seund twe equal semitenes, that is a tene divided into twe equal
semitones accerding to the idea of Aristexenus. (1)
If keybeards had semitsnes which were unequal in size, the temperament could

net .have been equal temperament. This is cerroberated by Salinas when he

(11) Bettrigari, Ercele. I1 Desiderie.  159k.
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describas quarter comma, twe-seventh comma and ene-third comma meantone
and adds, 'ner have any mare as yet been theught out". The lack of
written evidénce in faveur of equal temperament by the theerists of the
~ day, csupled with the abﬁndant evidence in their writings that meantone
temperaments were well knswn and used is a strang argument against equal

temperamant.,

Had equal- temperament bean a'recagnised temperamant there would
‘have been little need to censtruct instruments with mere than twelve
_nefes te the eﬁtave, a practice which had net cempletely died out even
in 1766. A Zumpe square pians ef that date, formerly swned by Sir George
Smért and new owned by Messrs. Breadwsed, had its black netes divided te
gife eighteen keys to the octave. (12). The fact that many instruments
*originally constructed with split keys to give alternatives to Z flat,
G sharp and B flat were later alteréd'te standard twelve nete  ectaves
seems to suggest that as the sharpened third was accepted sa the need far
split keys became less until they were finally abandened. There can be
little deubt that the change which culminated in equal temperament was
based oen the acceptance of sharpser thirds, and,.as with mest compromises,
the change was gradually, almest imperceptibly, achieved. . In this case
it was achieved by such devices as ene-sixth comma meantone and irregular
temperaments. Little by little they allowed sharp thirds to become more
tolerable, as well as to demenstrate the flexibility ef modulatien which
their acceptance made pessible, until criticism of them was finally-
Siiencgd. But the search fer enlarged harmenic herizans was net in the
direction ef altered temperameats in the late sixteenth and early seven-
“teenth centuries. Their.preférence ebvieusly was for'alfered instruments

which weuld keep the harmenies as geed as pessible.

A _-further factlabout instruments alse springs te mind. The firm of
John Breadweed and Sens, pianeferte makérs, is still in existence. It
takes its name from Jehn Breadwsed who was an apprentice te, and later
successer of, Burkat Shudi, harpsicherd maker. Breadweads did net make
. equal temperament their standard temperament until abeut 1846, (13). It
seems unlikely that equal temperament was standard on Shudi and Breadwsad
harpsicherds in the eighteenth century and that Braadwoeeds reverted to
meantone temperament when making pianes enly ts return to equal temperament

again in 1846, It alse seems unlikely that such a well knewn firm would be

(12) Grove. Dictionary of Music and Musicians. Fourth Edition.
Tondon. 1940. (Article on the pianeforte)

(13) Helmhaltz, Hermann. On thas Sensations of Tone. Section N
of the English translation by A.J. Ellis.
Londen. 1g85. Reprinted New York 1954.




using meantene tempsrament on harpsichsrds at a time when equal temper-
dment was cen51dered standard. What is much mere likely is that meantane
‘was the suandard temperamsnt for Shudi and Breadwsed and that the nine-

. teenth century directors ef John Breadwsed and Sons made the change to

| equal:temperament when it was the obvieus trend in keyboard instrumental
tuning,

When diécussing the Bull Hexacherd Famtasia, I suégested-equal

temperament as a possible selution. . If this suggestian is accepted, the

- Fantasia is an isolated example of its use, Had it been the usual temper-
ament' the obvieus advantages for medulatisen which it offered weuld have
been used by mere compesers er, at least, mere often by Bull himself. If,
however, the Fantasia was written (as I bellev-) for the clavicymbalum
'universale, on the grounds.that-such an instrument was uncemmen and there-
fore net readily available te other musicians, the reasen for the iselatien
of this Fanfasia, because of its chrasmaticism, becsmes clear. Equal
temperament could have been available to every enes with a keybeard instrument.
Moreever, since sharp thirds were aveided, it seems incenceivable that a
temperament based on them sheuld be accepted for at least 593 pleces in
“which they were unnecessary for the sake of one piece in which they were,

_ especially when the exact netes required to play that piece are found to be
the full cempass of an inétrument which may well have besn knewn te Bull
througﬁ his cennection with Antwerp. The existence of the-clavicymbalum
universale supplies fer our censideratien a goed reasen why this one pisce
sheuld stand eut when-all the others (with the exceptien of the Tomkins

- Fancy which was admittedly fer viels) can be made playable on a meantene
-temperament either with reference te the level of dissenance shewn in the
Giles Farnaby Fantasia, er by the simple expedient of altering the tuning of,
at the mest, three netes; even this latter expedient being unnecessary on

instruments with split keys, which seem te have been fairly cemmen.

The enly remaining questioen is the type of meantone temperament used.
A1l the facts peint te quarter cemma meantene. Firstly 86.9% of the pieces
studied were immediately playable eon this temperament with its advantage of
true majer thirds. If alteration ef the tuning er split keys for E flat,
G sharp and B flat are accepted, this figure rises te 98%. Of the remaining-
2%, er twelve pieces, enly twe pieces cause any real difficulty if split keys
are used, and since ene of these pieces is for viols this leaves only one

piece which is net playable en a quarter comma meantone-tuning.
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The same arguments nold geod against alterations to quarter comma

meantene asnéeld good against equal temvperament. If such alteratiens

are cantempiated, théy need to have the effect of equating B flat with

D sharp, G sharp with A-flat and A sharp with B flat. If the simple
device of halving the distance between the meantenes D and E, G and A

and A and B is tried, it, in gemeral, produces a great many mere

®

. difficulties than it selves since it means whenever the netes E flat,

3

'Ib_sharp,~G.sharp,'A flat, A sharp and B flat are needed they are sure to

be out of tune. .-As the watch which has stopped is sure to shew the
cmrrect-tiﬁe at least twice a day, whilst the ene-which gradually gains
or leses never shews the carrect time umless it is reset, se a temperament
which has fhe set nates E flat, G sharp and.B.flat and igneres D sharp,

A flat and.A-sharp will mere 6ften than not-be cerrect for fhe music I

hive studied. If mere seophisticated metheds of tempering are attempted

'_.the'reéulf will inevitably be the sharpening eof mere thirds tham is

necéssary'juét to alter the three main shstacles te quarter comma meantone, -
namely the absence ef alternatives for B flat, G sharp and B flat witheut
split keys or retuning., Centemperary thesrists de net effer selutions

in the form of irregular temperaments, these do nst appear until later

‘(even Praetorius dees net mention the Schlick temperament) and it nust be

- a matter for cenjecture enly whether such compromises were available as

early as the lifetime of Bull er Byrd. With irregilar temperaments the

aim was te clese the circle of fifths and y=t retain the mest used thirds

. as pure as pessible, but the cempesitisms I have studied do net require a

cemplete circle of fifths or even a large part of it and se, again, the

icure is werse than the disease if other ferms of meantene than quarter

comma are used.

The.-harmenic freedom enjeyed in music net requiring a keybeard, as

well as in seme of the keybeard pieces already discussed, was a temptation

" which ceuld not be leng resisted. By the end of the seventeenth century

the Werckmeister temperaments were in print and probably alse in use.
Witheut the cempremises presented by such irregular temperaments,

J.K.F. Fischer's Ariadne Musica (1702 and 1715), which uses nineteen keys,
and Bach's Dﬁs Wohltemperiete Clavier (1722 and 1744), which uses all

twenty-four keys, would have been unplayable unless squal temperament was
in use as early as the beginning of the eighteenth century. "The develop-
ment of an idiematic harpsicherd style" (14), = style which was to influence

later keybeard music, was one of the most important features of the English

" (14) Kirby, F.E. A Shert History ef Keybeard Music. New York. 1956.




virginalists' music, but, as surely as these seeds wnich were to flower -
- in the keybeard werks of the Bareque were present in this music, se alss
ware the sseds which were ia destrsy the temperament best suited to its

perfermance.
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APPENDICES

3
| Appendix A. _ Definitions of some of the terms used.
Aﬁpendix B. . Details of some regular Meantone temperaments.
Appendix C. Details of some irregular Meantone temperamenté.
' Aﬁpehdix D. Some information about Equal temperament.

Appendix E. Table of comparisons of four temperaments - equal
temperament, quarter comma meantone temperament,
just temperament and Pythagorean temperament.

Appendix F, ~ Information, in figures, abouﬁ the number of works

studied and the notes used.

"~ The figures quoted in appendices A - E are taken from:

Barbour, J. Murray. Tuning and Temperament.
East Lansing 1951.

Apel, Willi.. Harvard Dictionary of Music.

2nd Edition. London 1970.
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APPENDIX A. Definitions of some of the terms used.
Cent. _ 1/100th part of an equal tempered semitone.
Circulating Temperaments in which all keys are playable, but
Temperaments those in which there are fewer sharps or flats are
better,
Closed System. A regular temperament in which the initial note is

eventually reached again.

Diatonic Comma 'The interval by which 12 perfect fifths exceed 7
octaves, or, the interval between two enharmonically
equivalent notes in Pythagorean tuning. Its ratio
is 531441 : 524288 or approximately 74 : 73. It is
equal to 23.5 cents, conventionally taken as 24 cents.
(Also Comma of Pythagoras)

Exponents Used to indicate deviation from Pythagorean tuning,
the unit being the syntonic comma. Plus values
indicate the note is sharper and minus values that
it is.flatter than the corresponding Pythagorean note.
Fractional exponents indicate subdivisions of the comma
as in meantone and many irregular temperaments.

Great Diesis- ~ The interval by which 4 true minor thirds exceed one
octave. It is equal to 63 cents.

Just Intonation A system of tuning based on the octave {2 : 1) the
pure fifth (3 : 2) and the pure major third (5 : 4).

Minor Diesis The interval by which an octave exceeds > pure major
' thirds. It is equal to 41 cents.

Schisma The interval by which 8 perfect fifths and a major
: - third exceed 5 octaves, or, the difference between the
ditonic and syntonic commas. Its ratio is 32805 :
32768 and it equals- approximately 2 cents.

‘Syntonic Comma The interval by which 4 perfect fifths exceed 2 octaves
and a major third, or, the interval between a just '
major third (5 : %) and a Pythagorean major third
(81 : 64)., TIts ratio is 81 : 80 and it equals 21.5
(conventionally 22) cents.  (Also Ptolemiac Comma and
Comma of Didymus). '

Tenperament A system, some of whose intervals cannot be expressed
' in rational numbers.

Tuning A system, all of whose intervals can be expressed in
rational numbers.

Wolf fifth The dissonant fifth, usually G sharp to E flat (written
as a diminished 6th), in any unequal temperament, such
as the meantones wolf fifth of 737 cents.




In appendices B and C the number of cents given below each note name
shows how that note compares with its équivalent in equal temperament.
Since, accordlng to the Harvard Dictionary, a sensitive ear can detect
a movement in pitch of about six cents, in 1/6 comma temperament, E
flat is 305 cents as agalnst 300 cents for equal temperament, the .
difference of 5 cents is just about discernible, the C sharp, however,
is 11 cents short of the 100 cents of equal teﬂperament a difference

which would be easily dlscernlbl-.
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APPENDIX B. Details of soma Regular Meantone Temperaments.
I

‘-

Aron's 1/4 Comma Msantone Temp=rament.

Details of the temperament first appeared in Toscanelle in Musica,
"Venice 1523, revised 1529.

3

| Note - C C sharp D E flat 2EEEN F F sharp
Cemts. 0 % 195 310 386 503 579
Note' . .__G . . G shafp A B flat B - ¢
| .93335; 697 773 890 1007 1083 1200

Zarline's 2/7 Comma Temperament.

Details. of the temperament appear in Institutione armoniche,, Venice

1558.

Note =~ C G sharp D E flat B F

Cents. 0 7 191 313 383  50b4
Note  Fsharp @ .G sharp - A B flat B
Cents. 574 696 817 387 1003 1078
Salinas' 1/3 Comma Temperament.

Detailé appear in De Musica Libri vii.

- Nete G C sharp D Eflat B F P sharp
Cents.. O 64 190 316 379 505 569
Note g G sharp A B flat B C
Cents. - 695 758 834 .1010 - 1074 1200
1/5 Comma Temperament. -{Verheyen, Rossi).

Details appear in Rossi's Sistema Musico, Perugia 1666.
Note C | C sharp D E flat E F F sharp

Cents. O 83 195 307 390 502 58
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Note G G sharp A B flat B c
Cents. 698 781 893 1005 1088 1200

" Ressi's 2/9th Comma Temperamant.

Details appear in Sistema Musicés.

Nete ' C  Csharp D  Eflat E F T sharp
Cemts. O . 79 194 308 389 503 582
Note’ G G sharp A  Bflat B C

Cents. 697 777 892 1006 1085 1200

:Silbermann's 1/6 Comma Pemverament.

Information appears in Georg Andreas Sorge's Gesprach zwischen einem
Musico theoreitco und einsm 3tudioso musices, Lobenstein 1743,
The figuresgiven below were worked out by dJ. Murray Barbour from Sorge's
- comments.

Note C - C sharp D B flat B P F sharp
Cents. o 89 197 305 3Gk 502 590
Note G G sharp A B flat B c

" Cents. =~ 698 787 895 1003 1092 1200
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APPENDIX C. Some Irregular Meantone Temperaments.

3

Meantone Temperament with Two Sharp Fifths.

This temperament is an attempt to diminish the effect of the wolf fifth
-.by dividing the excess-sharpness (35 cents) between C sharp - G sharp,
and, G sharp:to E flat. It is generally, but erroneously, attributed
to Schlick, and,,accerding to Ellis, was still in use in England in the
early nineteenth century.

Note. ¢ ¢ b Eb E F F¥ ¢ a¥ o Bb B c

Cents. 0. 776 193 310 386 503 579 697 793 890 1007 1083 1200

Mersenne's Improved Meantone Temperament No.1.

Details appear in Harmonie Universelle; the fifths E flat to B flat, and
B flat to F are pure.

Note CC:“NDEbEFF?‘fGG_")‘-A.BbBC

Cents.. 0 76 193 299 386 503 579 697 773 390 1001 1083 1200

Rameau's Modified Meantone Temperament.

Details appear in Rameau's Nouveau Systeme de Musigue theorique, Paris
1726.- Although historically important for his advocacy of equal temper-
ament, Rameau still said of temperaments that, "the most perfect of all' .
is that in which "the fifth is diminished by the 1/4 part of a comma",
but to get rid of the flatness, by a minor comma (2025/2048), of G sharp,
he suggested that some of the fifths be tuned more just to regain the
. lost minor comma. :

Note C ck D D#EFF_%.GG*A BbB c

"Cents. O 87 193 298 386 503 585 697 789 890 1007 1083 1200

Werckmelister Temperaments.

. Details of these temperaments appear in Musicalische Tenperatur,
Frankfurt and Leipzig, 1691.

Werckmeister's Correct Temperament No.1. (1/h4 comma)

This, the most famous of his temperaments, divides the comma equally
among four fifths C - G, G-~D, D~ Aand B - F sharp.
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Note. C C sharp D B flat E F ¥ sharp

Cents. O~ 90 192 29% 390 498 538

" Note G Geharp A Bflat B C

Cents. 696 792 888 996 1092 1200

Werclmeister®s Correct Temperament No.2. (1/3 comma)

This temperament contains five- fifths flat by 1/3 of a comma, two fifths
sharp by 1/3 of a comma and five perfect fifths. This is the poorest
. of the_three temperaments, .

Note G Gsharp D Eflat E F  Fsharp
Cents'._ 0 82 196 294 392 498 588 |

~Note - G G sharp A B flat B c

Cents. 69% 792 80 9% 109k 1200

Werckmeister's Correct Temperament No.3.  (1/4 comma)

Five fifths, D~ A, A - E;, F sharp - C sharp, C sharp - G sharp, and
F - C are flattened by 1/4 of a comma, and one fifth G sharp - D sharp is
raised by 1/4 of a comma in this temperament.

Note  C C sharp D Eflat B F F sharp
Cents., - O 96 . 20k 300 396 504 600

‘Note G @ sharp A B flat B c

Cents. 702 792 900 1002 | 1098 1200

Afnold Schlick's Temperament.

Details of this temperament are to be found in Tablaturen etlicher
lobgesang und lidlien, Mainz 1512, reprinted in Monatshefte fur
Musikgeschichte, i (1369) and also in Spiegel der Orgelmacher und
Organisten, Mainz 1511, and reprinted, as above, in Monatshefte fur
Musikgeschichte. '

Schlick seems to have been the first writer to describe a temperament for
each note of the chromatic scale, but the idea that he founded the mean-

. tone system cannot be sustained. Shohe Tanaka, in Vierteljahrschrift
fur Musikwissenschaft, vi, (1890), spoke of Schlick's "exact instructions"
and added, "in exact language this will mean that each fifth is to be
flattened by 1/4 comma." 1In fact, Schlick gave very indefinite rules.

Beginning with F, the fifth F - C is to be tuned somewhat- flat, similarly
with the other 'claves naturales', tuning by fifths and making all the
octaves perfect. Of the major thirds he says, "although they will all be
too high, it is necessary to make the three thirds C-E F-A and G- B
better eeeese.....as much as the said thirds are better, so rmuch will




G sharp be worse to E and B."

n

Tuning the black keys is a similar process, tuning upwards by flat fifths
from B to F sharp then C sharp and downwards from F to obtain B flat and
E flat. The G sharp needed as third above E was also the A flat a third
below C, Schlick suggests that the A flat - E flat fifth be somewhat
larger than a perfect fifth.
The system cannot have been meantone, but rather, some irregular system
lying somewhere between meantone and equal temperament. J. Murray
Barbour's attempted reconstruction makes its diatonic fifths 698 cents
(1/6 comma tempering), the chromatic fifth 700 (as equal temperament) and
his two sharp fifths 706 cents: His diatonic thirds will be 6 cents
 sharp, his chromatic thirds 8 or 10 cents sharp, the thirds E - G sharp

and A flat - C, 18 cents sharp and D flat - F, B - D sharp and F sharp -

A sharp, the 'foreign thirds', 26 cents, or slightly more than a comma,
sharp. The attempted reconstruction is shown below. _

Note c C sharp D E flat B F F sharp
 Cents 0 9 196 302 392 502 5%
Note G - G sharp A B flat B c

Cents 698 796 894 1002 1090 1200
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APPENDIX D. Some Information about Equal Temperament.

a3

If the temperament is set exactly, each semitone should contain 100
cents, as follows,

fal

. Note. C x D ;x B ® X G X A x -B C
Cents. _ (0] 100 200 300 ‘400 500 600 700 800 900 1000 1100 1200

" There have, however, been many approximations to equal temperament, two
of the most notable being by Mersenne. The details of thesé temperaments
appear in Harmonie Universelle, Paris, 1636-7.

Mersenne's First Geometrical Apvroximation.

‘Note.. - C X D X E F X G X A
Cents. 0 100.4 200.9 301.3 401.8 501.6 601.3 701,71 800,9 900.6

Note. X B c
'Cents. 100.% 1100.2 1200

Mersenne'!s Second Geometrical Aporoximation.

 Note. C x D x E F z G x
Cents. - O 102 203 305 407 508 610 712 314

Note. A x B c
Cents. 910 1007 1103 1200

For fretted instruments, three possibilities existed; equal temperament -
twelve equal semitones - was accepted by Zarlino, Salinas and Galilei:

a temperament with ten equal semitones and two smaller semitones was
accepted by Grammateus and Bermudo, whilst a temperament of ten equal
semitones and two larger ones was accepted by Artusi and vrobably by
Bottrigari and Cerone too.
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' APPENDIX E.
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Table of Comparison of Four Temperaments: Equal, Quarter Comma Meantone,
Just and Pythagorean.

NOTE EQUAL QUARTER COMMA | :
NAME - TEMP. MEANTONE JUST PYTHAGOREAN
c . 0 0 0 : 0
C Sharp 100 | 76 70 114
D Flat - 100 kY 112, P
| 182 Min.) _

D 200 193. 20k Maj.) Toné 204
D Sharp 300 - 269 253 ' 318
E Flat 300 ) 310 316 294
E wo - %6 386 408
F 500 503 498 hod
F Sharp 600 579 568 612
G Flat 600 621 610 588
G 700 697' _ 702 702
G Sharp 800 ' 773 772 816
A Flat 800 81k 814 792
A 900 890 884 906
A Sharp 1000 . 966 954 _ 1020
B Flat 1000 1007 956 9%
B 1100 1083 1088 : 1110

c 1200 1200 1200 1200




APPENDIX F. Information, in figures, about the Number of Vorks

1é

2.

3

‘Studied and the Notes used in then.

Number of Pieces Studied-and their Sourcee.

Since some of the -works-which appear in the collections are also

to be found in the complete works of particular composers, the
figures in brackets indicate the number of pieces in the collection
and the number which had to be subtracted because they are 1nc1uded
elsewhere in the list.’ -

Fitzwilliam Virglnal Book Vol. 1 53 (109 - 56)

" L " Vol. 2 64 (188 ~ 124)
Complete dorks of Tomkins. M.B.v. 73 -
" ' G. & R, Farnaby. M.B.xxiv 58
" " " Bull. Vol.1 M.B.xiv 61
" " " Bull. Vol.2 M.B.xdx - 104
" W " Byrd, Vol.1 M.B.xevid 59
" w % Byrd., Vol.2 M.B.oowiii 63
" W " Gibbons. M.B.xx 50
" " ¥ Tisdall 2 (7-5)
Clement Matchett's Book _ ' 7 (i2 - 5)
59L&
=]

Pieces which include all Twelve Notes of the Meantone Scale.

Thomas Tomkins _ : 10
Giles Farnaby 3
William Byrd 3
_ Orlando Gibbons. , 2
John Bull ' .- 16

\N

Fitzwilliam Virgdnal Book

37

Pieces included in the above list but have one of the standard notes
-0of the meantone scale altered.

Giles Farnaby - 1 A sharp for B flat

Orlando Gibbons 1 D sharp for & flat

John Bull 8 D sharp for E flat

. John Bull 2 A flat for G sharp
12

Pieces which can be played Meantone Qith the alteretion of one note.

ae. D sharp for E flat.

12k,




b
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125,

Thomas Tomkins 13
Eﬁtzwilliam Virginal Book 7
@iles Farnaby 1
William Byrd b
Orlando Gibbons 10

. John- Bull 12
k9

b. A flat for G sharp.

Thomas Tomkins
Fitzwilliam Virginal Book
William Byrd :
John Bull

-
B B VAV AN )

Pieces which can be played Meantone with two notes altered:

D sharp for E flat and A sharp for B flat.

Fitzwilliam Virginal Book

1
Giles Farnaby 2
3

Pieces which are not playable on a Meantone temperament.

Thomas Tomkins. M.B.v 6 Nos. 31,33,66,10,11,30
Giles Farnaby. M.B.xxiv 1 No. 8
William Byrd. M.B.xxviii 1 No. 64
Orlando Gibbons. M.B.xx 17 No. 9 .
John Bull. M.B.xiv and xix 3 . Nos. 17,33,87b.
12

The above twelve pieces all have 13 or more notes to the octave, and
one (Bull No.17) has nineteen different notes to the octave.

Some of the above figures reduced and then sxpressed as percentages.

Of the 594 pieces checked,

516 were playable meantone without alteration.
63 were playable meantone with one alteration.
%3 were playable meantone with two alterations.
12 were not playable meantone.

Expressed as percentages this means that approximately:




86.9%
. 10.6%
5%

2.0%

2.0%

were playable meantone without alteration.
Were playable meantone with one alteration.
“were playable meantone with two alterations.,
were not playable meantone.

were playable on a scale with twelve different notes to the

octave. .
nééded more than twelve different noiess to the octave.

."Of those which required alteration:

8.3%

required D sharp for E flat.

2.3%—required A flat for G sharp.

5%

required D sharp for E flat and A sharp for B flat.

Of the 66 pieces which required alteration:

15 were by Bull.

"~ 15 were by Tomkins.
14 were from the rest of the Fitzwilliam Virginal Book.
10 were by Gibbons.

9 were by Byrd.
3 were by G. Farnaby.

Of the 12 pieces not playable meantone:

6 were by Tomkins.
3 were by Bull.

1 was by Byrd.

1 was by G. Farnaby.
1 was by Gibbons.
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