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SUFPLEMENT: TUE QEWETALIZED KEVBOARD

The literaturs on multiple &ivisicn abounds in 1llus=-
trations and descripticna of inatrunents prcoducing more than
twelve sounde per octeve, There are the Cemousz historical
exasplea: Vicentino's Jl-tcone Archicesbtalo; the 1G-tone
"clavicentalo Unlversele®™ ieacri.ed by Practorlus; the spe-
einl instrumants bullt under the {nstructicns of Zarlino and
later of Mersenns, There are the numercus offorts of 1%9th
century theorists to bulld the perfect lnstrument feor Jusc
intenation. The methocs of tuning these instruments vseried,
sz did th; mepng of tcne production and the dealgn for the
koyboards, The 20th century has acdded 1ts own vast nuster
of inatruments with more than 12 tones to the ccteve. Thers
1z the collection of quarter-tone inatruments dating frem
the first thres decades of thils century. There {a Herry
Farten's arsenal of astringed and percussicon instruments.

Many of theseé lastruments can be found ln varieus
Eraeu=s around the warld, Deteiled studlus of thelr sparst-
Aeg rineiples and the state of tholr preservation would be
#Xtre=2ly useful. It {3 beyond the scope of thia paper to
Mie such a cetalled study of the Instrusents of multiple
len, However, because of fits direct bearing on the
Sentrsy problem of reducling the difriculty of jerforming
“*ic Invelving many tones to the octave, a brief ccnsidera-

1 ef & amall group of instpruments based on a slngle prin-

1
Ple or keyboard desizn 1s here appendsd.
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The principle of the generslized keybosrd 1a ezrentially
simple. The keys must ba arranced in sueh en order that for
any plven sonority, regardleas of Ley, a slngle basie position
for the hands i3 enployed. Attempts heve been made, most
notebly by Fsul von Jank® around 1%00, to incorporate this
prineiple Into plance for everyday use, The widezpread tech-
nirel =catery of the regulsr plano keyboard has rendered auch
an Instrument unnecessary. fowever, the complexities of mul-
tiple divisien would probably make the luzury of a keybosrd
a8 Inefficient as that of the plano impossible.

In order to reiicwes a poneralized keyboard thras funda-

zantal principles must be ctserved, none of which ie applied

to dur present-csy Instruments. (1) The keys must be arranged
in an sbsolutely regular patiern from bank to bank (they would
probatly best be of uniform shape as well), (2) The succes-
2ion of keys aleng any bank or In any given dirsction must
Intclve mlweys the sese interval. (3} There muat be s sub-
Btential nunber of exira Xeys In order that any pitch in the
1j2ten con be soucded by any part of & hand configurstion,
Thres kéerbonsds of getunl instrotents will be exasined.
in ssch, the Intervel between sdlscent =zerters of a bank of
2953 1s & whole-tone of the systea ir use, Exanple 61 1z a
€lagrem of the Keybourd of a 1%=-tcne electrie opgan bullt by

-".u'-:?rn Zchaler and Jemeas Flehl durlng the lete 1%50's. The

" rangement of keys ls reminlscent of the typewriter keyboard,




435
& ¥esboard which has alac fescinated lurtth.] There are flve
Ferallel rows of Keys, soparated Irca one another by a alngle
unit of the tenperament, 1/19., Consecutive keys iln m given
row mrs separsated by a whole-tone or 3/1%. The arrangement
of Blsck and white kejys 1s baszed cn the hexads of Yasszer's
supra-diatenic secale, 12 of the 1% tonés In each octave belng
white. The T bleek Zays form a seale squivalent to our pres-
ent distonie sccle. The basic kand eonfiguration for the
dietentie scale 12 the seme, no matter on what tone it iz be=-
gun. It will be further obsérved that thls basic pattern
:t!li;; essentlelly unchanged on the 3l- and S3-tene inatru-
aents to be examined later.

Assuming the black keyz Im Zxanple 61 to reprasent the
scele of 2 major (for purpozes of {llustretica--in setuallity
they do not), the ey at the upper left-hand corner ia D.

The scale Lo formed by proceading korizontally for whole-
tooes and dlagonally for semitomes, It should be polnted

cut that the two different disgonal directicns inwolve differ-
ant [ntervels. Consecutive tones along the diagonal from the
top left are dimtonle ae=ltenes{Z,/19) from one snother, while
tonsecutive tones along the disgomal from the bottom left are

A full 4,719 from one another.

—

1?-rtc3 has tesporarily atecdonsd experiments involv-
ing the use of sn instrusent with a Keyboerd resembling that
8 & typewriter. In Jenesls of a “usle, however, he com-

Fazex Tevorably the efficlency of ine seyboard of the type=
¥ritar (the {nstrument which any mtencgrepher ean learn te
Fley in siz weews) with that of the plano,




- = —— T — — I

Lis

Exazple &1 shows the full depth of the keyboard [five
rows] but ozly s cross-sectlion of its full length, which ia
sbout four ecetaves. &All of tha tones cculd be reprezentsd |
by three ba=xs (rows) of keys, but the eitrs twe rows ars |
essential te the gensrallzation of the keyboard, as they ﬁ
permit any standerd conbinstion of sounds to be produced in
any keay by 8 aingle confliguratica of the hand.

Exgrpie &2 shows s similar eross-section of one of
the two fdentical menusls of Fokker's jl-tone organ in Haar-
lem, built during the middle 1540%'a. This fnstrument has
recelved the acst wideapread use among the modern msultipls
divislon instrusments. A speclisl consale with traditiomml
lz-tone weyboerd 18 mlao attached to the pipes of the instru-
ment for the rendering in mesntone tespersment of ancient
muaic, The meln console, shown in Exemple 62, ecntalina 11
banks of Zeys cn esch manual., The white kevs form the dia-
tonie acale of C major, Just a3 they do oa the pleno. It
wWill be noted that Fokker'= keybossd &iffers from Schaferia
in that the szcendlng diatonle semitone uses the upward in-
Blead of the downwerd dlagonal. The result is a kind of
Mirror inversion of the pattern Schaler uses.

Unlike Schafler's keyboard, Iin which the keys ars

Fleced on parallel planes ptrriﬂtitullf to the rowa of «eya,

Fekkerts keybcerd placer the Keys in alternate rows disgonslly

in such m way that m vertical line of keys (that is to say a

line o keys proceeding perpendicular to the rows or banks)
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Exmmple €1: GSchafer snd Plehl's 1%-Tone Xeyboard--
Crosa-3ection
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usss alternste rows only. Such & vertical line glves ths
sunllest interval, 1/31. The rlsing disconal yields the
distonic sex=itene, 331, while the falling dlagonal yielda
tbe ehromatlec semitone, 2/31. The interval batween ccnsecu-
tive tenes on a glven bank Is a whole-tens, 5/31.

The black keys represent esch sharp and flat currantly
obtuinable on the black keys of the planc keyboard. Theare
are ten black keys in esch octave, alnce there are separate
keys for F# and Gb, etc., The fcurteen Keys in esch octave
which sre nelther black ner white are blue; they represent
the tones which lie between the tonea of the present pilano,
The 11 benks of keys offer sxple alternative fingering possi-
bilitlea for complete generslizatisn, Five banks would be
adeguate for the single rendering of each tone.

Eosencuet's Keyboard, shown In Example 63, some TO
years serlier then the other two, is the moat complex of the
three, but the princliple L8 much the same, Where the other
tvo contain lavel banks of keys in whieh the toDes are a
whole=atep apart, Sosanquet's whole-tones form a slanting
raw, This I8 the result of recesalng each fifth alightly
[the whale-tene has twles the recess of the flfth). After
tuelvs Fifths the racess I8 sufflclisnt thet & new bank of
“eys 1a begun. As the fifths are mlmoat exactly pure in 53-
tone tempermment, the next higher Lank sounda one comma

Eizher taan the first bank or, mcre precisely, 1/53 higher.

The result is rather like the Fokiker aystem slightly tilted
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Exazple &£3: Bosangquat's 53-T
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and inverted (naz in Schafer's lnatrument, the dlatcnlc semia-
tene 13 achisved by & downward dlagonal). The downward
diagonal yislds the diastoniec semitona (L,/S3 in Basanquet's
Fythagorean syste=), while the upward dlagonsl ylelds thes
larger chromatiec semlitone (5/531). The row of wholes=tones
{9/53) 13 itaelf a gently sloping dlagonal.

Counting evary aloping row of semitones ma a separats
bank, there are about 16 banka of Keys at moat parts of the
instrument (9 would suffice for every pitch), providing for
a high level of generalization. The slofing churacter of
the whole-teams rowa 13 particulasly officlieont for diateale
seale-production, for in eospleting such a scale the hend
remsins et & constant distance from the edgé of the keyboard
roarest the pl:}:r.z

Expmple £3 ahows & arcsg-section of Bosanquat's Keys
toard. The seven=-to-Tive patio of white keys to black is
retalned; comna altarationa do not change the eolor of the
“8¥L. Posanquet arpears to have aeven seta of twelve Keysa
to the octave, O in all. Ey an effective arcangezent, how-
ever, Bosanguet has an sven grestsr number of kays per octave
2 his mlddle registers.

It arould b mndded that on Bosarcust's [natrument (and

85 Tokuer's as well) as the teys are recessed from the player

o —

. a:u gsntrast, the azcending dfatcnic scals on Fokier'a
;f8trument brings the hands awey from the pleyer (and sven-
“afilly off the Zeyboerd unless the pleyer lesps te 4 new
iffiti¢n?, while a al=ilar scale on Scheafer's instrument
Tangs the hands toward the player.

|
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they are elevatad, In the case of Besanguet's lnstruzent

tzis mesns thet no two keys wlthin

an octave are at preclisely
the same slevatlon.

The taces exacples shown In this skert suprlement offer,
it seems to me, the best basls for & atarting peint in the
parfocrmance of terpered music uaing more than 12 tonea per
octave. It would be gquite porsilile to uze the mors complex
inatruzents, such a3 Sozangual's ap Fnkﬁtr‘l, for tha almpler
musical ayste=sz such as Schaferts, although the reverse, of
coursa, wan'ld e Imposalble. A keybosrd of sbout the complex-
{ty of Fokkes"3s could be tunsd %o wvield a m:ore complex tem-
peransnt, sucs as Sl-tones to the octave, wlithou® any ersan- "
tial changes in tks hand poiitlong for the spproximationa of
given fuat sounds. Howevap, the azs of a keyboard for & more
zomplax aysten than that Tor which it was designed will
npsult In the sac=Iflce of some or all of t=e generallization.
certala chords caa then no loager be trsaspozed to certain
£oys without a Tadical ckangs 1a the positicn of the hand.

The Sechiol of “Mantle of Indlana Tnlweralty kas Juat pur-
thnsad the ex:izaent to bulld an lnatrunent with up to 6O

diffarpnt (weslable) plitehes ta the occtava, [ atronply recoms

masd that & generallzed Waybeoard be bullt for thias instrunent
long the 1izes of Bosanquet's or possibly Fokker's. The
Tize=asful cospletion of such an inatrudent would represent

& vslaable econtribution to the mastery of the cosplex fleld

8 multiple 2ivislon by offering the opportunity to many
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studenta to experiment with all of the recommended tuning

syatems., Such an Inatrusent, for matlinum effectlvenesas,

should possess st least 70 keys te ths octave.
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GLOSSARY

Area of cosplexity.... used in Chapter 11 to zroup together
tempored aystems possessing approximately the same
nunber of tonea, There are four such areas conaldered,
with 2, 36, and 53 tones representing the maximus
nuzber of tozes in esch of the firat three arems.

Autochthonous.... & term used by Fokier and others in refer-
ring te already exlasting Folk =musle.

Avérage Deviation.... n statistical mesanurement of the 4if-
ferences between two musical tunlng syateas computed
by measurlng the intervals between each of the tones
of sach systea and a central toma, finding the differ-
ences between each interval of one system and the
comparable interval of the othor syste=m, and taking
the average of these interwvals. The method is
applicable ooly where the tws syastems Bave the sase
nuzber of tonss to the octave, and is meaningful
only whers ones aystem ls intended as s reprasentative
of the other, as when & tempared ayatea is proposed
as the representative of a fuat systaa,

Cents.... in suale thiz term 1p u=ed in ths =sssurement of
intervals. Ceats are computsd by multiplylng the
logaritha of the interval-ratio by a constsnt approxi-
=ately equal to 3986.3, in order that an octave con-
tain exmctly 1200 centa; each sealtons in 12-tons

aqual temparament thus contains 100 cents. Cents ars
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used throughout this peper az a means of messuring
intervals, since they enable the reader to relate
most sasily the relaticnship betwesn the interval
discussed and the Iintervals of 12-tons temperament
whicsh are the most familiar to him.

Coablned error factor,... & concept ussd in Chapter 11 in

which the errors of intervals ares measured both in
terms of absolute aize and in terms of how large
they are in relation to the size of each unlt of the
syaten. The combined error factor is obtained by
multiplying the aize of an error (zeasured in canta)
by the frection whose numerator is this same error
and whoss dancalnator is half the =ize of ons unit
of the system. Whers E represents ths arrar of an
intervel measurad in cents, and g 1s ths pumber of
tones 1o a tampared ayatem, the coablned erpor fac-
tor can be repregsented by the formuls
Ea
600
Conatructing interval.... a fuat Inaterwal which iz made
theorstlically equael to one unit of a tempered syatem,
Such an interwval, 2n l2-tone tezperament, 13 25:2i.
{from WHrachaldt)
Daficing interval.... & Just interval of zzall aice which ia

made to equal zero in the establishsent of u tezpered

system. Wirachmidt uses thls term because ke defines
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each tezpered system by the largest just intervals
which must be considered ejual to zero. In 12-tones
tazperezent it 18 the various dieses which are the
largest defining intervals,

Departure.... cosanjuet's term for the difference botweeno &
glven Just interval and a specified tempered interwal
ussd as a polnt of reference. The énpurtufq'ﬁf.EL.-
Jast fifth is about two cents (4n the 12-tone
tenpered aystea).

Difffculty fector.... in the sslectlion and evaluation of
tenperad aystems, the role played by the difficulty
in recognizling and parforalng all of the tones, hsnce
daterzined by the oumber of tones in the aystem,

MMtonle comma.... The Pythagorean comza, the Jdifference be=-
twaen 12 Fiftha and 7 octaves; about 23.5 centis, or
2 cents larger than the ayntonle com=a. The term
®"eoman"™ when used alone refers not to the ditonie
but te ths symtonle comma.

Dodeeaphony.... the term applled to serlal 12-tons composli=
tion by the Sch¥aberg school and 1ts successors.

Error.... 20sanquat’s term for the difference betwesn s
given tempered interval and & specified juat inter=
v2] used as = point of referenca., The srror of the
fifth in 12-tone temperamant is about two cents. ‘

¥ibonaezel seriea,... & 3eries of numbers 30 arranged that

any term représsnts the sum of the two precading
teras. Aa exmuple is 1,1,2,3,5,5,13,21, ....
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Golden ratlo.... the numsrical ratlo between two téer=s such il
that the se=s retio exista between the larger term [

and the sum of the two terms. a = b By cross-
+6 i

multiplication, e = a2 4+ gb. Pividing both sildes "

b2, .'3.; - E; + A5, Sisplifyiag, j . 1: + 8. Deducting
e be b b

— _ b
1 froa toth sldes, 5% + & i w0, Considering
b b

{the ratio) to be egual to E_rl.f.'z +iy =1 =0, &= .618.

Golden tone aystem..,, Xornerup's "ideal" musical ayatem inm

which the lntervals of differant. slzes, diesis, chro-

—_ matic sesltona, diatonle sepitone, tone, minor third,
and parfect fourih) relate to the next larger interval
by the guu?}";mu 618, .,

:nfrn-diltuuld.=s{ Yauser's name for what he alleges to be
the mu!i;tl system from which ours 1s easentially
evolved, It eonsists of a flve-tone scale with two
additional auxiliary tones.

“#an deviation.... ® gconsept used by Barbour in evaluating
varlous tunlng ayste=ms according te how cloas Lhay
ars to eajual temperamant, The difference batwesn
each conatructing interval of w ayatem and a unit of
the sguivalent tespered aystem ls taken, and the

.-wursgl found,
Heantona temperament.... in ites narrowvest senss that partle-

ular teapsram=nt Iin which the fifth {s made sasller

by exactly 1/k of a syntonic comna so that the tone
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represents the msan beatwsen S:8 and 10:9. In ths
general sense that the term 1s used in this papar,
meantonsa temperament la any regular but non-eyclical
ayatem wherein the fifths are made smaller by from
1/3 to 1/6 of a ayntonic comma.

Negative saystems.... Bosanguet's term for regular.systems
whose Tifths are smaller than 70O dents (the slze of
the fifth in 12-tone temperament).

Ornamental scales,.... scales based on the arithmetical divi-
sion of & string or pipe. Such & seals might have as

consecutive tones, 1 1 1 1 1 1 1.
1211 305 Bl b s

Fositive aystema.... BEosanquet's terz for regular systems
whoae Tiftha are larger than TOO cents (the alze of
the fifth in 12-tone tomperament).

Pythagorean tuning.,... any systes composed entirely of Just
perfect fifths.

F.v.. Bosanquet's syzbol for the order of a regular cycli-
eal systéem, representing the numbar of units of tha
syst=m by which 12 perfect [ifths (as represeated in
the system) exceed or fall short of 7 occtaves.

Regular eyclical syatem.... an egqual=tempared syatea. (from
Eosenquet)

degular system.... & system whose perfect [ifths are llul&l
of the saze size. If, as Iin =esntone or Pythagorsan
tuning, the tonss at the two ends of suck a ehaln of

equal fifths do not themselves form a fifth of the
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same size, the syetea, slthough regulmr, is oot

eyelical., (from Ecssnguet)

nsnarig.... the murters from 1 through &. According to
theorists representing =uch of the best writing on
musie for seversl eenturlies, ell true consonmnce in
musie rasldes in intervela formed by ratios between
nusbers in tke senarie. .

senarist,... & persce who bellaves all musical conscnanee
to derive fro= the relationskips of nunbers in the
sonario,

Emell-pumber ratio.... & ratic Tetwesrn two patlicnsl numbers.
There iu po exect 1ixfit to what cam be considered a
"amall® number in thls sense, but the implication in
the use of tkls term la that the ratio will involve
numbers sufficiently s=all that & perceptible sense
of consonance will résult from the almultanecus use
of two sounds whose vibratfon freguencies are relsted
by such a ratlio.

Superparticular ratfo.... & ratlie invelving consecutive
integral ouaters such as 16315, d1:80, J:2.

Supra-distonie.... » ter= used by Yurser to deseribe what he

considers toc be the next smuslcal aystes in sz evolving

series. The suprs-distonic scale 12 o 12-tcne scale

and T additionsl auxiliery toner coaplate a 15-teons

system.
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Syntonle commm.... the Interval 21:50, or 21.F centz; the
differance hltv;nn the Juat thiru and the thisd formed
by four Tfifthe. Where the term "com-a™ ls used with-
out further explansticn, it =ay be mssu=ed thst the
reference 15 to the syntonlc comza.

Tricesimoprizel.... relating to the numbter 3Jl. Foiker uses
this ter= in reference to music using 31 tomes to the
octave,

12-tone syatenm.... the twelve-tone egual-tespered tuning.

In thias paper, the expression "12-tone ayste=" doea

not refar specifically to the procedures of the

gerisl technicue of Sehfnberg's disciples.
Unit.... the smalleat laterval 1n any glven tenpepsd sTate=,
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