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tones. To generate the tones, the prefethad tuning systemutilizes two
different series of Pythagorean perfect fifths separated by a known
reference interval. TH ERAde 5 Cdrle MUBICAL INL@QNAJIONY t he six basic
nodal chromatic scal es fANB BREDRPINGSHYADE THEREHREEY of tones derived
collectively fromthe two series of perfect fifths. Various nodifications

wi |l be described.for existi prior_ art fixed pitch instr nts .such as
har moni cas, hor ngus mlc??%?g‘gesitﬂéqerﬁ%ﬂf@”f%’ ﬁE’rSpFﬁbﬁ#i[;gtoﬁtaBWSde t he

descri bed Riebﬁ@@?itclﬁn&?%ﬁéml‘@%h@@foda Miribu1 & $0si08 1RHiRS SPH&EH forBRE RISE
keyboards are pol yphonic, they have the ability (when configured

enhar noni cdld genetate thé tereamby praferecdttheing ay ttgmiudidizesitvondiffbrent seriab ef of not es.
When t he pifghes are ricall onfigure keyboards.can al so al | ow

{1 'nger | ng’ SSCIERSAG PERG Tt St 67 F bt Sereiee e He o e PaRP s

Di scussi on geherhif® ufthiic@londbt theQi:Q¥Rlc R0 ¥RAdhMtRECaltNRsHbhdd Fahitgn of the 12
tone equal tenperanent system (ternmed 12 tone herein) began the slow

choki ng! butungfiedtsgeo Miane va ko llaca gy framethieg wo Byrigshd peffactf8ds' s, the
process was effeggtively ¢ | et e.., The | angest 2qual _hol t .was known as
t he neant one te(r?r\?pa rogﬁenyn()td.?t?ﬁatloﬁlsavs‘"]}%es esﬁlgbe‘%i t\?)\llr 8%{%“ nnOorra%af'lrifge.%ﬁ pi"\gﬁme to the

predom nandgst@imdnesudl @bl BirnfoRlicap) s, and fritdd igstddragriarokinmoly édithens tf or i
keyboard, nost tuning schenes centered on a nethod of deciding on the pitch

i denti ties PEYVidhierizSaibs paphes. vorps! o wilalsorproareseptade Brcawrsmi nant |y
thirds.and P ACH 1T R PRy BRATRs it SR EbAndted SRR LG

sonmewhats | essvdyhasrewrhd a typ130 | Dideatbek ayileSo vadsuélen the pnelsestaie decent fifth
of 12 tone, and the ability to El ag equall){ in_all, key signatures that gave
it moment uYMIRRRBSAER copfiguted tkepdeprds caniabipetliops fngering repitigRt gt 4 at by
alnost 2 ¢ : effort is expended to bring a stringed
i nstrument %sﬂ%fﬁgglg}gﬁ%%g% Sifm\?vi t utlilglltlhi(é\)h"ztri ctures of the inperfect 700 cent
fifth. Tuning a s, ~sr~E~, a~~E~s, ~~I1 A1~ *,co,cn* WO 00/ 42596

PCT/ US0O0/ 01259 2 12 tone instr nt Js rf?lgl %ly. H&e art of de-tuning it, as
the ear is constantly driven b FASHPR T S BUREALS 1o tune to the audibl e,
and perfect, 702 cent Pythagorean fifth diatonic interval. Many ot her equal
t enperanment systens providing up to over a hundred tones 5 per octave have
been expl ored. MA5gAD yewrspgo Be utilisatipnsaf the {2 tone waud terBpHANENSYSEE® t he 12
tone syste : 4

di vi si ons. m&%%(ﬂ%g&egh %ﬁ%@r aer$§?1{he§$03 gén%kl’?f]%ti%?feﬁga%& ﬁgﬁnﬁﬁf%@%lgﬁ is
based on t Iy thsenidfl 3p0s ahepicerlwdsrtfeciral scahplsel hedsingesporduaidotdoucert ai n
menbers of the overtone series of harnonics. There i.§ no 10 standard
system butw*}sﬁ‘é‘PWPrﬁSé}i‘Fa’PF%mO’geetﬁ’é‘P%an“?g&t‘ﬁaF5’§“é§ M‘aelgé’ﬁloég%lls'tones ( per
oct ave)squmber i rIQu&t'oQﬁ@pEe@ox%ﬁq‘éﬁEEéff-thJ Redubii &l Q?a)’lo WHRRs kMadaripE@nation is

wi thin reach of many nusical explorers through the use of conputers, the

pr edonm nanderséfodi Xeyloreed masst heling shemdycenfersd on atmatiznd afidehidlsngomethedual |y

charged with a.conpl exi eya belief to master and with a bangl auditory
per fection Hnﬁﬁl&(?%n'g%%fl%étlgé*%’\‘}ggledf’%‘?sipr‘?&??t@‘ée'd }éeéf)ﬁ"a?ﬁec%reé%mﬁléﬂgﬁl g‘(eed by the
5 acci dent ajfsrefnti iR el @RScGMHARRNh&heAkEHy BulurblGhol SCONISBIA Mt h t he
sour diatonic thirds (both major and mnor) of 12 tone has endured to this

day. || ustfifitsi Vdepplaypnd Sweld'sinrsevdralrmigecal &eys, hind gignévghat hess thanavdlieid t uni ng
system $6 J?hne%@Heffernan whi ch was awarded U. S. Patent #904, 325 on
Noverbet® 17 "I &68 S 18RF ¥ Sugh 20 it was an equal tenperanent division of an

interval into 24¢§hftHeadecit €t oftin@ond) bRl Walabiitpseplay eqiglydhvilded was t he
diatonic 12th (cent value 1902). The end result was a o

signatures that gave it momentum. However, the fifth of 12 tone itself is slightly flat

by almost 2 cents from theory, and much effort is expended to bring a stringed

instrument into conformity with the strictures of the imperfect 700 cent fifth. Tuning a
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tuning systemw th many approxinmate just intonation interval thirds
present, but totally lacking pure repeating octaves. Any nusical works to

be pl ayed s system would have to have been new, becgg GV62Ye Past
Eur opean c%gr(r)tpdgs%gr%had depended 25 heavily on pure octaves. Eie?@esr n@ny9

claimed his instrunents as keyboards, arm did not even attenpt to describe
systenms that would allow traditionally chromatic instrunents to sound this

uni que pi tci? o IreGhiment is E&allgahéamaﬂdaé@wa@tla@eshﬁ&r ogonstagpPadve Bych
musi cal instrunents configured to sanme: SUBSTTTUTE SHEETB_( RULE 26)

WO 00/ 4259813hua) testaneiss o5ting tq the|a§dnbkeﬁ@%mr£ecac7@8rcam trigithassreadrifdct of the
present | nVcﬁ%}thQ'?ntER/aPrOV' de a nusical tuning systemthat will inprove on
the major and mnor triads of 12 tone equal tenperanent nore in the

direction of natMamy othepetptal alpetanvant systenmsspral simgagroralienghyndiad whes ect  of

the present inventjon to praovide_a nusical tunin that wil| not
al t oget Heagéta‘(‘hféa ﬁéﬂr@é%ﬁ\%areﬂu&eeéam@ﬂégBﬁmoijg@ %&eth%to the

acci dent al 51 20bnd &S ARG cRHE 0! STBR! 9189 and! 1 5uBl BOpBARI GVl WDE

present invention to provide a tuning systemthat WI not over
per forner wiqual ttinpcraotut atsicors arooyliexi ties of just |ntonat| on, by in effect

m m cking the chromati c.scale of 12 tone. 10 It al s bject of the
Y esent Pnvent | oWt BIBREST Bebascishe 45 iR AE S5at ol aRoMY | be

retroacti velokelsalitg tt)%n&lh%éﬂb%rm thO Bk Rk sWdskor@RbABLS hﬁ%ré @Mnol2 tone
equal tenperanent over the |ast several centuries, in such a manner that

t he nusi@alstandgrsigysismm, bhé}usronmgmn generadly rt@smes arfull sende afptpnescﬁpart oasavedf an
audi ence i s | creas s, al ohj e f th e i nvention t
o de a roERERE i Serb By SR R Rl B B SRR SRRl

fifths, allgwiag eﬁplbwﬂeﬂum@hhmfe&)mmnw ttﬁd}ﬁe@d}ﬂmdnctehﬁnzaoﬁwisqmd uned
by 700 cent flatted fifths. It is also an object of the present invention

to provide SéeaﬁﬁsJ@Sélmtplﬂﬁﬂoﬁdlasngtﬂedﬁaﬂhabﬂrﬁﬁq withpicompdaxiity diesoneblilief teat i ons t o
the instr u aﬁgwg‘bﬁ %%ﬁi Lucfl %?é{}é’rfé% [ac?lr gfth{ﬁé&é!(f?d‘&é r?cftlve '&95' gﬂaqg l S as

wel | as orc ras an o resen |nven ion
provi dels sgesxbﬁmdthy thé681ed51tzlenthlb©fﬂﬁmmane‘¢mguaamcngsleof fretted mstrurrents,

and to expand t hlguturgSghuclilgc%%tsen?lcmtrﬁ?he sour diatonic thirds (both major and minor) of 12
tone has endured to this day.
Hlustrative of this desire for better thirds is the detailed tuning system of James
Heffernan which was awarded U.S. Patent #904,325 on November 17, 1908. Although
20 it was an equal temperament division of an interval into 24 similar steps, the interval
chosen to be divided was the diatonic 12th (cent value 1902). The end result was a
tuning system with many approximate just intonation interval thirds present, but totally
lacking pure repeating octaves. Any musical works to be played with this system
would have to have been new, because every past European composer had depended
25 heavily on pure octaves. Heffernan claimed his instruments as keyboards, and did not

even attempt to describe systems that would allow traditionally chromatic mstruments

to sound this unique pitch collection.
Objects and Advantages

30

For stepped pitch musical instruments configured to play same:
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mul titone instrunents in general, by having certain pitches switch into

ot her prescribed val ues upon operator conmmand. It is also an object of the
present i nyels94st © Provide a nultitone nusical 25 keyboar gegRis60/6195909
nore than 12 pitches per octave) that will maxim ze the instant tuning
systemin a manner superior to that which the common Cristofori keyboard is
capabl e of. These and many ot her obj ects and advantages will be readily
apparent to one BKd fhemdorencididinglytantabjssbfihe phentriviedrtionno peovidd ns from a
perusal of the clai.nms and the 30.follow ng detail ed descriptiagn of
preferred eMBYEH RN SYHER that 2all IRPOYRPNMNE PAIRT R MIRKdragsRiiddancral ngs.

SUBSTI TUTE SEL {Rbhdor@@)ine gi\%%ngﬂfo‘ffﬁ?t%ﬁal E:SSE@H%QA\%ZW 4 Background

Musi cal instrunments use: 1. Sound selection devices to allow users to

engage di stinct pii¢ albesccoRingMaa opjeopafght prerenriareatidw tg@oeidataanfsieduenci es.

5 There gre twoeggr eat  di vision sical instrunment t hose ternmed fixed
a

f L
pi tch, and PABSSYHEMTEY W%ﬁ%?ﬁﬁ%ﬁ%ﬁ twrg%tﬁﬁidnw%@e%seﬁarﬁsmfégte%f

infinite pifEiheiBSHEMARRES? $3HeRqBR thhPérbenOr trombones are able to provide
an infinite nunber of pitch gra&uati ons fromhalf step to adj acent half

step. The fixed lits &ko amgbjecirod thesprasentinyontrmh togrendde oturdey systan thatwilhr e

crafted to provid nly a finite.caollecti.on of pitches,..10 .and these.latter
Cvpes.ar e tRE Ak Thehl e St Fuf B SEAURGE Loaf RS LB AR BB Rithe s of
this i nventéfedet ilickald the BhdYiade seal&6f 1Z@hkection of fixed pitches on
operator command. For musical instrunents, wave propagati on neans may be

further 19 vi ded Itag dse awokjacteddird rrssenpuventizndaProgdan shusicat uning systemnabl ed.

r 1 | o : ; anebl e
ol et et YTER G B Rt anl AR QNP RaBeD a0 Bl PR BT P 44 Ens T o

sound wave sl @bipefiSnenOoeertiNPiasiadev@xbdiph@icdfin 8h@cd manh& tBanks augidalneans is
found in electronic keyboards, which can have virtual oscillators that are

the obj ect BfentBhibaraMPIREdEndest prathsrapiretign pf ympudiencalis Brcedsedanpl i fi ed,
and made audi bl ey by, ithe, %j?gttog% &t {nqa?tgc{rﬁ {BipeSARs Qm&gmnﬁ@g;ﬁ%

resonati ng means of acoust I nments into various cat€gories
accordi nfy tihat depehdion Beghagoa¢anfrenfietti fefthsodllawisg a tumenmuchwnedre @edeurddy dadnt ai ned

reed i nstrunents. Soundhol es, are the sel ection devices, and the chanbers
cont ai ni ng ?H‘?E‘ti ﬁ@@d‘ssyétre’é‘ tppcs By Lheent ﬁ@tteﬁe@h&s The operator sel ects between

a plurality of spungbohesvitq oPae éﬁs&hﬁv%mﬁb&?&iﬂ@ﬁ%skﬁl tuffgSobiemt ed
frequencies. An exanple is 25 a harnonica. 2) | um of air instfiuments.
The val ves bet vdhehdl eestamrroodiSeationdito/thd urstrufreayadarsiveslf &0 thelpsioeatts i n conj
unction w tifﬁstt hrg xﬂlsjglflintd}'v'&’g air vlLbSr atkileopgs forced into the barrel. The
val ves or tonehores servé é%s Lelecti VR 49é0ices, and the barrel contai ni ng

the res@0ating aitis sies wesbjas dfifie: presepnAlvEmM{pbn® PASvidd heysufigt@pRteritifle choose
whi ch sel ection device to 30 activate to produce a particul ar tone, whether
by uncover i fRIVHAR 1HEFHNES @f Aiettebinstrppeats, a¢ thgxnand dhe e leess PRSI ng a

i)g?gtzgggf PtCIT% l&g Oé/’\li(r)l%tgggerg?fnt éeﬁyxlaﬂrby\fﬁl/fﬁﬁ'ceﬁyﬁgﬁgﬂ-é&@iéﬁ%g o(tlﬁlglp'r:es@x%ed WO

values upon operator command.
It is also an object of the present invention to provide a multitone musical
25  keyboard (providing more than 12 pitches per octave) that will maximize the instant
tuning system in a manner superior to that which the common Cristofori keyboard is
capable of.
These and many other objects and advantages will be readily apparent to one
skilled in the art to which the invention pertains from a perusal of the claims and the
30 following detailed description of preferred embodiments when read in conjunction with

the appended drawings.
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3) Fretted stringed instrunents. The frets serve as sel ection devices when
acting in concert with the strings, since they are enpl oyed as Iength
control l'ing ¢for the strings. The nut is a speciali zed 5 ?% t he
string is use pen The neck of the instrunment inmobili zi ng an Oho in

the strings at pitch is the resonating means. For 5 instance with a gwtar,
the box at the bridge end is there to provide sound anplification, not
resonance. 4) Open stringed instrunBuckgrdund his class the plurality of
strings are not fretted, but in essence do have one static fret serving as
a nut. Collectively the strings furnish a palette of frequencies for the
operator to cho 94[ A r YA 4?]% urality
of strings servgﬁlgssl eﬁ]e s eg%g‘ts%n? ev:h?:es'é>le na(%ohéaefq)?a %f?%ho ?géne
provi des t destimepichtor 2. riEswnmppazatidn meam)uo@ptzna&rfrajnenmew anos is that the
soundi ng board |thhe means of resonance, when mfact it is mainly a neans

of anpl Pfying t HECTRATEAKO Si5al Gyisions of mygicakingisumeys these t?@etdl‘ﬁé‘eﬁ@&ﬁ]é t hat
stretches t 5 to resonate
when struc%ﬂgi@gaﬁtﬂg??fﬁﬁ&gﬁéﬁ gég Sr?El%Et &gfléw‘%elrst)sétf?{udrrents %an bot h be
t er med w ndnstmstentsreeoly 8s VlAllBSJQr tmmmnemamﬂd @meoude hn xethiginmotver offtitcbment s

such as xyl hones ul d are not categorized
her ei n. I\/UIgHDdPSWens ﬁch?' éOéJ%"x}t‘ étel’ h;ﬂ g‘ ‘g?‘f‘g‘r@g”ﬂ'@?m%&"&ve Mbst

i nstrument gogd %t&u@h‘ﬁé\ﬁ@és tﬁ&ear@érﬁft&{‘fo%fﬁwdé onlYoi fifi dolfeBtiéh 0f3M¥Res, SUCh as
har noni cas provi de as fewas 7 initial diatonic pitches per octave.

Speci al l0entod thmtaéteatyees #raghd prohaiddcus@f ghik owsiansart. uPrmﬁftrsed\mrmlmdimmm 12 or

I itch t to.h th d d
al tor or o0 HERREORAT PaicttoReEi et SLrthsRo o RRRHRL S 11 Cone

effect. Theommsgati on does not lie with a particul ar type of tone selection
device) of 25 which there are many, but rather nore as the defined

rel ati onshi ps offoamMysigebinptrYmerits, tave drepagpitasmeansinry henfustbercdivided intpr ovi de
a scale. Agppi. equal

t enper anent‘%o%é%%ﬁléé)bl?}g%én@gg%{glg&bwy&ga%(l:éldgg Q?Igegcfr@rsg'l% une]é18 tches by
the di sitSi ne¢soastirangessor ofund vave oneativak entlictmntritétyicnaisled Gmmﬁrenuagmﬁz@rl or
art acoustic gw tar and the instant art acoustic guitar, the critical point
to di scer n cleSTraRiCERARrAIEA G5 &Y SR WaNFSHTIBHORY QuitdYPISH BIPLRY on devi ces
(frets) pr nydﬁbﬂg Hﬁat@ﬂ anhd ReGudd 1‘?1%‘1’&%11@%6?5%%@ Wi, &9 HOL Dirtual
instrunments, alth g t he resonati ng neans instruments are exactly
the sane. SwBBADEURE @EE‘bb(danE:ozxﬁ)tand WheS0 64 AE0@ s RETACUSRA DA RES, 6
Definitions Tr.i.t An, i nt.erval nmber) tuning
syst ens thﬁtnpg' ‘g’r%ngégaqeﬁé‘dﬁeql%t‘ﬁhSﬁEeﬁtr}faEaecg’\RBé’Z%t‘ 8p{°8F|§S8rS(O cents) and the

si xth ciuromati ¢ ThetredonalindmeARQ raediistic embbiigheatuall ifte VRS & RdzofiySt en) as
measured fromthat tonic. Although the termtritone refers to an interval,

by itself iecoidias tothie fawngenersb faaatieeo! ipstrupers svoded: A particular note in a
particul ar i he

P o SRR L LB, oS4 bR Ao 0D S il

t ones. Toneeﬁttarnnmheée@iethé rabnzﬁmlglr@@hs oﬂthobpmtbﬁk@ectslbéte/baha p@rahty
theoretically to 10 infinity the limts (length) of the |
tone-stri anﬁ%N‘dB%le§f°a?’@&e thl"rf'é’“tah‘te@rr?%ts tp |thﬂéelf§te@tféeq§§%‘é‘i'§dl%e’tﬁmﬁi‘ésscendi ng
menber s) 4 Oratﬁhﬁéﬁl%‘s ) of the tone-string is repeated from conponent to
conmponent . e term'linking interval' is an abridged termfor this |linking
t one- st ri nQR)iCrlemualf airAmstexents dhiesabves outonnlm‘rtmprodmenéltvrdwagfrwenges

di atonic perfect fifths as.the |inki i nterval 70 1404
Cent o' 51 b6t sBReniain CORpATinn i p gy g e vibTe oS Sty e BATL NG ¢ e
same | i nki RlveDbelodalolesrd RQbIbHd ddvRle HATE: BelaveslBERAB  onatin

tone-strings, the interval separating two designated stations (one €&l enent
from each wurservss a3 thyyesosatineg meahsa Tha ngenatw erustithoo§hwhichiselengon devecevtal i s

the ru i nter for the preferred ment. The ter r.un 20
becaus et driatear s TR GIS Lo y AR bl gvermicond Paipn e Bre be B

resenbl es @yh@ééetafg orl tbmB iR g @f ledie o PRBIE Wigh RbhgBulapv Aty al s from the | adder
of values is subtracted fromthe other, a tritone value is revealed as the

rung interval. Chromatic nunbering system A direct neans to identify the
12 individual nmenbers of a chromatic collection of pitches, relative to
their use as nodulating 25 intervals. The tonic is called the O degree, the
1 st half tone above it is termed the 1 or 1 st degree, the 1 st whole tone
above it (the maj or sec®UBSHITUNERSHEERTARULEA6xberi ng system) is terned the
2 or 2nd degree, the 1 st tone and a half above it (the mnor third of the
di atoni ¢ nunbering system is ternmed the 3 or 3rd degree, the 1 st two
V\hole tones above the tonlc (the ITB.] or th|rd of the d| atonlc nunberlng

N - a ”~ o 1 - A M~ 1 o



WO 00/ 42596 PCT/ US00/ 01259 7 interval nanes. This avoids introducing
potentially confusing pitch-naning terns such as flat and sharp when

descri bin i,ve traditional accidental intervals of the ' | e.

Cct ave reg‘ﬁlbgﬁﬁ“%grglg The conversion of tone-string nenbers ex%@glgéloéﬁg%oo 5
cents or less than 0 cents (such as negative values |like -702 cents) to a
cent value falling between the tonic and the ascendi ng octave of the tonic.
This is dorm byttediftinged inB@urhexts. aTEE fiers serke as edlé@iohuiRuiRkd Whar?8hgan
multiples of' X cents fromsonme values in the tonestring until the octave
val ues appeancest wihihesengs, viace tisy ategmoyed s lppgth swﬁmg%n@é%@éﬂwo and

| 200 cents. S t . j f tring 10
(702" cont SIS IRERE B o QR ) B e ffnSRTREL St PiekRBERE |

regul at ed Heaamter 28moBilizi(Zand2dding e stiifps aVheeh iseheresadhting nesansrefdrer s of
a defined scale, out-of range conponents of an octave. reqgul ated tone-string
are usual | ynstanessyds guitll: BF by ahthe briges srd isdhetg & H@Hfﬁ%ﬁ%@&fa YBBNACAfIAR:
tonic. For Jfd sSTiéHéP.' e last given, the home pitch of the 498 val ue sounds
in the octave below the tonic 0, but finds itself in size 15 sequenti al
order when 4)i Open stangediestioanerss. I ttisfelase thegqdarabty( of sering ar@et, freq@d, bur @2, and
906). Defined scagle: A non-equal tenperanen ollection of actave regul ated
interval s aeéﬁ@ﬁaaﬂg‘a‘é%%t%m%ﬁ%\ﬁﬁv Fgaéraé}’llé'ebﬁﬁ?céwe@nt © §EmsY g"’trf”ﬁb 33 known
famly of 'ﬂlﬁ&fe‘@'f&qhéhc?észf@f&@%g&@wr%c}R{og@Betw@x? Wiinha Hedp bPpRRYal s _

(l oosely corresponding to the 20 traditional 12 tone's scale intervals) is
t er med ¥ chaxemgtd, thedefitahitydo fstrags seive s theseleattemdevieasdor asalidyy bodthds capabl e
of producing nore than 12 notes per octave, a nultitone.defined scale
Cexbr esst ng ity Bov i hermptecnesandt 14 8o Refilioh kPR hfn fsde

enhar noni ¢ bahdias baRaaleifeads of RRbnant&ByENtL FAARLIY BRIt atnh@nobf gi nal .
However, for a typical chromatic instrunent such as a guitar in bicaneral
conf i gur at i Brphifgingahe relumsc 44 loosmstiing i usalgss. dhisdhatmeany thatestreiohey awki ng 11

pt tches rell?c;[l svtﬁetst?lnyl? Qc}{ 3 %t@llk%@o&gqt tgrés(%gt% v@Ienjsg'uBl.f[Ches)' In the

bi canmeral system a Kr Bt i ¢ detined scal e usua 'y uses six values from
one tongsstring, Caitainsd xeell nadcslognaifharinstaineanddani borth betepadd sasht oni c. Any
variation of this would have the conse ugnce that at m nimum one of the six
tritone pai ‘P%‘“HFCQtﬁeAHéf?th@dnssé%ﬂaée%mq"& RYEh Bsiremsas st ety IeOne e 1 ung
i nterval as.t L symmetry of the six
nodal scal e%ﬁﬂ%P%?niﬁ%ﬁ&n%gﬁ&gwggﬁe ‘?Egats X 3???{3%nt defined chromatic
scal es possi bl e Mutthosd nstsesaitoalilov fmore tiae 1@ ditckesgieapctage. t Mestsasteumensy

i nterval. T(gg seven white SXUBST.I TUTE ET &RULE 2@)El VWO 00/ 4259(?

PCT/ US00/ 01258° 875 485 & RIOgTatieniot SRHISRC pP ARG FavT BRTMOMEH PV ¢
nodes, depefdi RF ianialbiaehi©pitdhiep&axeivel Speilentdateritharetton iaclulied fohe sanme
way, the twelve bicaneral pitches provided by six contiguous tritone pairs

al | ow for stllevuimsigumers Mitsromd2 op teshpiiGhes Rpycesavedp have aplurality phthe tongi r can
have eit her - 1St .ot t .0nj ¢ tave

regul ation }gﬁ&gcﬁr?é %‘%"}t}‘l’sezsstla@r() rﬁég@?@g%?x&ﬁﬁfg&é hb&oér%g{%téc}ﬁsglﬁf éﬁrg{so epnragguaces only
si x dif f er emtilt@@fel sfdt.chromati ¢ scal es. All six of these scal es have a

uni que anatony and uni clue characterjstics. The nost inportant nenber of the

six is termed t hEhesnyventipmidoganeticowish a pantigular type OF fngsrseleriaep $dssusk of its
audi bl esgery i irg%ﬁ, Y 8E1aRbn B34 i GaBRIsOy ot her
scal es %?“;V\Evhigg t‘%éyyé%%e |éggﬁg?§:apgéget§§?@?ér@{|egdi ﬁg n1som't’§‘he fpitlvg gt her nodal
scal es. Howhesrdevass adtmghesbnextanprevidos sdald. Uk priat av spumgnsesniigmédstot he
strai ght maﬂ')or scgl ?zwi | |1 bg detail ed irll th'})s S ec{)fiiati n. It has .the
cent val ues.rogl,lcelté, 294,43 4?m@§8‘?’e’ﬁt§’.§,lt%’6 Is ipeppable o) profysingdigameraly 1 ggg.
Tonal cent efnedpiites By ficadibitt Hrarkefthi d1ad 18RdctectibAldcFidss. hesRpRinghe 0 or
tonic of a new scale.” Unless otherw se desired, ideally the new scale

di spl ays t hprigamschbstivaguntenarad the instdptiare scaustic beitatethie saticad palng to disedrhils |t
does, t new scale is.thus ternmed an isomrphic nme structure cale. In
pr ef errgg s@g%ﬁ%‘f)mtﬁrr%lﬁ%?fﬁﬁlr?éﬁ? Qgﬁnelsfleﬁg%ng?‘ﬁaeéf(fr%%gprsoélgflgggﬁ’ﬁ% Cr’t%\ﬁg t onal
centers of frogich¥¥et ¥ uhidue tb 88thGnaRhdnbe Althbi @@} résengtitghasarsgoMotRs t he
tonic for the sanme isonorphic scale. The other ten tonal centers are terned
t he nodul at AGUMSHEPreceXaetdt We sarc.order for a scale built on a nodul ating
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20 tonal center (once again of a non-equal tenpered scale) to be isonorphic
to the defined scale, there nust either be enough enharnonic pitches

avai l abl e collection to allow this, or some conponenjs: &H}g

col l ecti O}]n’dr:u&{i?%e swi tchabl e into the desired enharnonic pi t(/:l?1gf

desired pitch is termed the foreign piteh. The original pitch it replaces
is no longer needed to establish the isonorphism and is ternmed a
superfluous 25 pitch. The reverse prpDefiflitioasi S ternmed recursive, and
exchanges one or nore (usually twd) foreign pitches back again for one or
nore superfluous pitches. Shift interval: The interval distance between a
foreign pitch and..a su erfluu tc t t he
shift interval i t(ﬂe Oléﬁgd Eeg%%’hgh°cﬁg§§ﬁgrﬁévj{“%ﬂif sﬁ}?@ﬂiﬂﬁa ef i ned
scal e pi tcme&r@eetrreequubml;i Bethesnilie gt @édndd) ah@ iRl s RhnsatidGntepatl t hus
di splay isaonorphisn) dictates the final conposition of what is terned the
full scai (6E psatsTm b mpeRUME! pfem) asmenspued Span thatriangporithomgd 9 Ful |
scal e: f a

ol ar ai ity oft Sapn@refBls § B InEL bEUERE it B R PR SE all

i sonor phi s partiaulpandte ¢uh aartisuilbsehlegran bp t@*fneprattnm nde:sl gnatiledkdyoflfe t onal
centers. T defi ned s al es needed ni.c to f.ashi on conpl ex scal e
woul d typi ¢&F frionsentgRv rbsc‘?xrﬁ“’zsé‘aid%hSP“gh Egal“s’eméﬁm 1% %vaﬁ?r]lei‘&fsm nor scal e.
Tritone pair: |ndnheuHef PCANELRh oF YL sB¥ShABkhdoMiMRYRer s of the
full scale that are se arat @QB the t rrhtooge %tserva Iér]a pref e?J@ed 600
cents a nemﬂrur}ediéwwnreht hentscjlfength)mf the tareestot hmry beWamd 6l0@ inentas apart,

t oget her they. t he .uni erty.of allown ertal n defi.ned scal es
Lo be. il ay Qi e PSP AT LB Tt G s i T b Peafiedtly . A

el ne Ulrepcated! fRork @ ﬁbx’i&tﬁ)éﬂnﬁboﬁ‘ﬂéﬁﬂ heSértn ihkin@nReRAl iSan 4
defined fulpsagal i of tifkin AriRth peg

chromati c scale contains a maxi numof six tritone pairs, and is thus a
subset of tihethfsdinking@ne-stringtinferval. sAdemrveld i 2 Srar nEbEr teng-WaRT WIiRg | on OF

d nber f th
Dot 199 & i e ais B SR RIS RA Y Bt %etgﬁ?era‘reewﬁﬁ‘rd%‘:e&%s%@%a?ér o uae

to one ¥ taebntc0) designated as the reference | ooked on as a | adder of
val ues reduced to two dinensions, this chart shovvs two octave regul ated

Pyt hagor ean per fRigametak  Fve separadptogersirings that shang thersomedsiinginiesval o s aFor
exanple, 5 r g, and
1188, 690, %%35%9569{1%%%?%%8% paraf? EnAEL % Blertdl Seddd tm%?%}‘{“h@
chart each sm‘trohhéomcwdxrm@mﬁoete:achgcmeeutmg)osrpusediaoing]rﬁtemm?bé‘hs tritdingy gi ven
pair of twq hor!;l tally alrg ed el eFentng ri n? ﬁ tritgone rel atronshrp
can be cont®fpfe tsé © QUOEIRE \r‘}”ré]i‘egl?fﬁ ehed emeR Enetj‘ olp® Fe5R RE 1SARE vertical ly
consecud Veekdust Mhen Pérésentel o Wa?é} 28/pidal bRaRcABEBR of vEARS k& MbWsthh t he
next nost uppernpbst consecutive tritone pair, and the next nost | owernost
consecut i vdadder.t Yrome pAite opphsite m@hamtemlsf@rpithedh@&r io§ valyes ishlirdotad nany
typical thr i.cal orrposrt qns featurr t he straight major

scal e. For Odrrl@heortg?rhsrrgﬂ?eva ach r(\3/\’aelal?e arséhearéns1 ‘g 1a chromati c nunber in
parenthesis to tdigoma@bhuberidisysent: A dlrb@ mdafs td"lﬂeﬁﬂi@rthe 17 indiwglgr oups t he
16 pitches necessary for the zero degree 30 tonic and the sixth degree
tritone to mankaeal fehramatisrellaetign of giches relativie theipase asgpedulsting| yes are
894, 39 1P 02, 204
n i he ot hanoreky e hifEis e Ut CRREG e Rt Moy SRy AR o s

(906 and 306) dégrRSTHeTIST iwh&ldibre z(HaUhE(ﬂﬁ)maJoM@cﬁhw dﬂﬁ@ﬁlaﬂﬁﬁé bERBéIg259 10
and the | owest placed two pitches (792 an mtted when the 12

pi t ches neébjétams) b pmasd thad s kpd Aegire the }%.tgﬁtanprﬁﬂ@r @e&ré(ﬁreéma%@%ased on
the tonic ofy] nts (294
and B94) o P e R D degr e A R b6
and 306) astomdsetbomme nonialthe majarthirhef the diadtorbec amdbérimg zj/strbegnetmned e 4

revised, 12 pitches can su S .1 a e, str ht nma scale with

| Sotror phl siff i xR Rt ohpn el P Rraheh rye it AR STa o o 't op
conponent s {Rf tohiclo. (204 c%%a%%):%fefe hOmERQatuRYE SEmBAEL k8 ARRAN R pPecist92 and
192) as the chosen values for the eighth and second degrees, the revised 12

pi t ches camagu@g:e@@fqnvalyaqoams,ltmlvsrcr éoir graethenpoth) Eheaiererparnmps diatenshi sm on
t he subdom nant group. 10 T2 is the subgroup for the 2nd and 8th degrees
used as the basic key signature tonic, T3 is for the 7th and 1 st degrees,
T4 is for the 5th and 11 th degrees, and T5 is for the 10th and 4th
degrees. Wth an instrunmsﬁngﬂlﬁﬁﬁ@EEr@m%veral tritone pairs in
addition to the three (tonic, dom nant, and subdom nant) basic groups, nore
devel oped nusical scores can be perfomed than with typical three chord
songs. 15 Fr 9. 2 shows a n| ne-ti ered confr guratr on for three oct aves of an
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20 signature (0) has been arbitrarily assigned the pitch value C, and this
and the other traditional letter-nanme values derived fromC are shown in
the centr idkon of each fingerkey rectangle. The finge in
each col u?r‘nkloglﬁéiegghy | 02 cents, and the val ue of any hori zon%gfmlslb@ldglgﬁey to
the right increases by 600 cents. An oct7ave repeat ( 1200 cents) for any
given fingerkey lies two keyspaces away in a horizontal direction. 25 Fig.
3 shows a peksperirhee THis bedkiaybaeing pdteiftiaily cBnfuking diehdansng teans sgrhan
ascending major triad (0,4,7) with an added 1 |th degree i atoni c major
7th), and é‘ﬁﬂéﬂﬁé’oﬁ@ﬁdwé%‘gi@éﬂ‘?‘ag%g%r%?%a%%ﬂﬂ{@wggrﬂ?&he(@%f at oni ¢
9th). This pgrticular fingering is based on the straight major scale, where
the diatonic major third is 396 cents above the tonic. The wist has been
angl ed up and t ddtinee negglhation: oTlad dommermioni cdipref stBig membkisrayeesiingN200 nor nal

pl ayi ng posture the wists are positioned, at_ .por par‘% el angl.es t he

pl ayi ng urcF’étéé?rﬁeﬁs g‘%@“@iﬂ%ﬂs%g%wﬁg@meﬁHﬂg'ﬁﬁ)@ B Lfc? Cq“fﬁ?}?)lﬂ? f%ﬁ“& he
SUBSTI TUTE (3R thednkc 48 he alEhRg 622950 AETIAIR001A 2ot byl dubaSIHSE NS
allows even a small handed person to achieve this exanple 0f a desirable
voi ci ng wi taddisig) BE ceitafuubually 12003 or mettnlesseft X' (intg. fram shiayakues inmtge tineg

| ayout of the chord bein ayed by the hand depicted.jn fig. 3. The root
no%/e is 0 SU88 llg'?ﬁ %Ct?‘% ‘%H‘tégawa@ftp\?e‘”éﬁ‘d? &“Ptél #ﬁgra%?ﬁép%ﬁ?’vgﬁrﬁes are 4 =
E, 7 =G XIbtwedB.0 81401 200ceRs! TheLllec @3BntGGIRY 6f theifBre Rerdb&® o StheWsnedstihg1ger i ng

| ayout of an ascending major triad with an added 11th degree, and an added
2nd degt®e (F1Braentsel pets, Jm?gm@s 144 conis, AHeenish avhen RFiave Tgulpteskhecpmal ar
fingering igedyffgr ' a it r.of -the

bi camerar ol W2tk A0 e TERHRE A & hamiReBFe AN o oE "2 e

t he tonic. rifelddingponsnts @€ imb&ravd ieghlayedittriesstiviag arcaresl)y rirspssdrpahdodnas
played in fig. 4, but sounds different because thjis particular nodal scale
has  di f f er dRP° thapetpyeantaipedihoar thetpals. FRethsexamplstlasigish. thadgmgaitcheach
scal e can hg (o dar e has PandEauss béal ke tBhQRfv"B f lgﬂds'ﬁs%lqugiz@-ppl I cation.
Since this nodal” fingering has 1ts root on the orh egree under

si mul t ah®ousquanndi drdenshavh@ren dshemsinben affut dafmpdscatal.ei 05204 ORDHEY, atidot on
the 0 1 S cgz)giee, and the original key signature was C, then the 9th degree
(in the oct below the tonic) is an A note, and this is an A derivative
chord. The 1 = GHefpleliGRalsenVih-Rpial fpliagicantdliedfish ofoctalls r8guINEE as the
diatonic fifth, 8 = Gf serves as the diatonic major 7th, and 11 = B serves
as the di atioigreloasnending sboyartkinewnaeferapdepideedns gepersting aknewafamhecshar p

408 cent major third, but ca e ef ul .an tim ze 1 nor ;. le. 20
too Cem o Myl fe- RitberAloE 13 Wy 33 P BR (AR BhaRE R e, oo
12t h not@ firlitidd@bl2 todd's sE0e imerbas) i¢ tdrined ARheImgidi defihed Jdals Fayout is for

the key signatures E najor and A# ngjor. Under each string at any given
fret positi'BHIYMELS sHhiasfeyhoaeisisapapi elcradugyas morgihan 1 8ptcp Pt AGtdised t o
generate a ' ' : ] ' j '

position carﬁﬁlggdr?zﬁlae? g&f%&g@%@%ﬁn cé}ne'[t g%/daf ngéﬂggg%%gieﬁét%n%\?\ﬁéﬁ ﬁgjrﬁatshe 25
ant eri or noinkafmetic valu¢supppastgeasirenl-timad decdrmaives ® the btigohal. iHoweverHer ot her i s
subnerged. Subnerged note-frets (not shown ti)it thi‘s r?.sol lfltion% fﬁ\eﬁgeraite a
pitch 1 1. 7VRGR LYY GnERIMEN SHeh 45 §4Ter MLPIpYRTTel SRTERHUCRE 141G 57kt i on,
each 1153 edsaRi#s ch@matiR (D¢ \eRPrebdiy COPHEHRs RAIHEEAb t}ﬁha@ﬁ)nﬁ&;l!ilitdh%?ﬁ&ﬂﬂ%f and
may or may not align wth adjacent note-frets in a straight |line across the
breadt h of I2itchest Bosrechicavhareli systemhe chroowtid defiegd Scals Usnahy edee sBOalgs, t he

C# position.is offset (in a. fl di.;rection towards the nut). framthe

adj acent notf %P PAE {Ooney oo Teqre e %ﬁiﬁc‘f&‘m@‘m R?\B‘?fgﬁ%%é‘é' PEY| US00/ 01259
12 Fig. 7 ivarfalién 584Ms WEEH hade ih8 chbh@quéhceitidd af @iMQhLotadBe siRi@ioae for
better observation of the distinctive fret pattern exhibited. This draw ng
is not to spratsef thaudefined septreworld nohbosaphrtaddtysthe veme paigtingnwl 8§ thetiestvar i ous
lifted te-frets each.other. f t I unent, as one noves up
t he necEg(t%é\}gﬁ é)u%qqaels%g?sgﬁg?},’e %yﬁlem%ﬁgér{ghgg% (?deag P(isatrlf'ress nove cl oser together
uniformy. This Bibmeal njpdeieaesnonhd six ditférbitidetnéycHrbmatt sdadespessiblet ween
the offsets as well. For exanple, the offset distance_at the 2nd fretline
T7 from t heVithsi¥isesmonin itopepaisshpingeths samaangiRgrval The seyepadiies roughly 4
nm One octave up the neck at the 14th fretline (not shown), this sane

di stance will have dropped by half. Precise |ocations are deduced by common
auditory laws. For 10 exanple, a B pitch of 702 cents on the E string is a
perfect fifth, and is | o®YBSATDYEE & BHELERZ®i ng di stance fromthe bridge
to the nut. This lawis so precise that a perfect fifth is called a 2/3
ratio (or 312), and dates back to Pythagoras. O her intervals have simlar
precise ratios. Fig. 8 shows the neck of fig. 7 after a nodulation to the

A A A b1 ~ A - o oy o o A oA — . ' a1



of fsets exhibited by the note-frets is maintained, but has uniformy
advanced up the neck (towards the bridge) by one fretline. For exanple, the
singl e B sypiggd4kfset (sounding pitch C#) formerly exhibitgdrRiedsi8se2nd
fretline is now exhibited by the 3rd fretline; the Al D, Gstring offsets
(respectively sounding pitches C, F, and A#) 20 fornerly exhibited by the
3rd fretline are now exhi bited by the 4th fretline; etc. Fig. 9 shows the
neck of fi dingérkafs ef tha cnnnhudrmihmtpmmdbhes/mtdhﬂombmmdes, d&lpbndihgoﬂ#rhdmld)fc
notes have flatted by 11.7 cents. Note that t vi sual  pattern of
e’ of et 4he R s epsifpiefiB ot Prag wifva i Sy Rl ioatpShBletBR  or i y
advanced d%lﬁé@bjﬂ%‘(‘%oﬁﬁ%@@ﬁtoh@ﬁalﬂslﬂll)o“bﬁér&&anﬁc?] WRUdchIR.- orEﬁfon%@wpl e, the
single B string offset formerly 25 exhibited e 2nd fretline is now
exhi bi ted byociehe Sincgtany tatoh¢ pair carhleaws\ eitimer 0@C§tf #tE o @amg%teéeqt@ttnéweltlye

exhi bite t he 3rd fretline are.nq he.2nd, t he
Guttar i dbukrSpalitegligion B a il SN0 BF A Bl RBiE0 nefdies e

i ndi cat ed rk@)i@rffef@itﬂeﬂﬁhdc&ﬂmm dcaleb.NA11tsoo PASIetscH18S haheivmifit dratbm f and in
this drawing fig. a guitarist can play any three-chord (tonic, m nant ,
and subdomi wénm)qwba@aten@mcéc dhaaagh wostantemmé er efifbe Rigys %ﬁ@thfrsgatﬂht E

maj or and I St ral I hi sm
Q her key ?ﬁdﬁg%c(ér g™ é\}% 0 eerla%lenl a“}r@]? cfﬁsfeltslu%)%%ig se Sﬁ g
SUBSTI TUTE aShikidter of iRblidse %émploV\Bt}QQééh?éé%oﬁ@&f lhjS@t@/HanZxﬁQaIJ@stEmgmcﬂL@trh‘ghO\Ns a

conplete full scale note-fret |ayout for a bicaneral guitar at a resol ution
to all obf bdbhii¥mPEer Wdalrfﬁalﬁﬁ)sHQWFtﬁrﬂ #dhebest exarpRls ffon IHHErAYC PEIPSRGwn. The
two dozen I nd nfig. 1,
and are shgdv\r/iliy ﬁ{eé%@‘lﬁ{eﬁa Ogg%ggill?ﬁghﬁglc% ?lér:ﬁsté éc\chﬁ% Zﬂta\ﬁﬂ e%hlgr noni ¢
note-fret pabtiesi ONs0Z,A0412%d, 394, 408,608, %@2 |8ﬁg 8:%L §96, Alnddot)&r further

reference, the ngcte fret posjtions re inthe initially lifted

b
posi tion are | abETEYCEEH hBiteh Srt%ﬂ?é’s"f ﬁf‘h‘és ‘g?t GArdiceype thskordpnig and
A#. This megnsdadhld fudiBeSendrahelied i ffd‘émysth%fn%waéc!ale'dmsptz% thd ahRd stage, a
straight major scale can be enpl oyed on either pitch E 0 as the tonic.
The i ndi¥i chaamonigtagfibetes ahthpealeting @:bielltst:lf tfot destsathe nbmsmlens thueteposd t i ons,
so this instr.unent 0 i.itche n fig. 1,
but onty 1 Ep B R A fple, 10 e rrkfseito R e S el o
ability of ﬁn&ﬁbélftteﬁnfed date alfovsstabashddYertbre ofithe tiveBel (the thait ah&@heﬂﬂﬁdr@]i or
position T8 is never subnmerged. The anterior nmetallic note-fret T9 when
lifted hi gHogHbergseasdhgiege fonthesemp gmorplie seaje | Theseiben ten sonaheensars i ng
length to t V. t, froma
gi ven of oragEnBERle BB, TbRH & SAUMATA TRLARE L1
pi t ch nafre)toodl ceiter (cakergtinef a kor- e@)@;htqnt;&rectécelej tor it isorabephia wetthd’ c’lﬁined

(sounding F ha a duplicate settl%at the 7th na -f.re T it .soundi ng B,
which is t § ’&?rfB“ él‘tﬁ"er fegnpygh sppEnQRic RLches @vallabie ip t E‘)‘hﬁé‘ €4 Wspect  of
the first Sdltvaﬂh%I bi 88 t&nﬁ&ﬁﬁ@b@%&%gbamnnﬁumoetshﬁcﬂatme fui&ttei REired@nd i s

agai n repeated begl nning at” the 13th (not shown) and (if necessary) thel 9th
(not shown)enhaungFigpitghy T@iﬂﬁﬂslr@dnmtdhes teyinedthesf foremgn tht éIFhermftgmal Pltchsttr at ed

in fig. 10. 50|d uIe e %% nectsah ﬁ val ues

val ues. as RS Bo Bifeat Hisded § BUTE IS orbiamy ppd Bianel 58ARAG 10
as T 1225‘”%1t5h14‘he9@ik?@%roée@uﬁb TGRSl réuffiv e atd@tchaRg@dhe bR fdordi@sudile powver
when activated to draw pulley-line T13 in one direction or the other,
ef f ecti vel ytwo) fareigg poichesmels gain dorraag oF mede aupselupwAPEchesl ues of E and A# as
25 required byt SRRRRRALOThe HigAlSlncl U8 cbh LB Ach S BlaRoGanged
toget her on five other ar pu?ley-m ngaged as

needed by tgiehofie s mefertd gmbddinth s mﬂoﬁﬁa'pelctts 18 dehewdheafpendence on
two-position note-fret mechanismfor a guitar neck. The anterior fret T17

i s shown |.hq“éalasy opfhggieti lt&%scamltshe%%ﬁ%wgs%toptgcpate.mtemﬁttonﬁl@n% shuttle
T16 I h
Ul | P o B SRy AR Bt oo R B Dby of Pharh B B RuEEDD)

slides freedcglet hrough a hole in shuttle T 16. The anterior position
depicted for shuttle T 16 was brought about by the anterior tugging of the
pulley line T 13 in the SUBSTI TUTE SKEET ( RULE 26) WD 00/ 42596

PCT/ US00/ 01259 14 direction of the arrows toward the bridge (not shown). An
unseen stopblock (simlar to visible stopblock T21 ) has reached the rear
unseen side of shuttle T 16 a ulls it along i nsi de housi ng box T15. For
clarity, the anterior waf Iﬁ%ﬁ%ﬁﬁ@ﬁ&ﬁguﬁﬁiﬁs not shown to enable a view
of shuttle T16. Mass nDV|ng means (not shown) engage and nove the S shuttle
dependi ng on the direction of the novenent of the pulley line. In a flat
dlrectlon stopblock T21 mould run up agalnst the anterlor S|de of shuttle
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by pulley line T13, but a dozen or nore pivot nmechani sns (not shown) are
actually activated by this pulley line. Inits entirety, the nature of
pulley Ii n be seen better in fig. 11, and pivot hi v ism
T18 can bgﬁggﬁgFgéred as any note-fret |labeled as E or A# in tgﬁ%ﬁ . This
is because every nenber of a particular %ritone pair 20 is ganged al ong the
sane pulley line so they can all be flipped to the flat or sharp positions
t oget her. A per $pdccalee Asgadleciadn of pitshesmsugficient th aHowmadedingd seald ar asshown i n
fig. 12. Vi indsolation, note-frets.Tl/7 and T19.use a see-saw action
over pivor PRrgyal deBRE RS GBI PRI o P P Rasd Wil e BRERRE v ng
it under neahRichla@bubkdt/groap 8f iddhes BEsigiatddQobeSenadSerieRl Thwdefined sqalaaper Vi ew
of the apparatus, a gap is 25 illustrated between shuttle T16 and the
support ar meesdedfbyer tomro fashion axomnlersdateveHe ymeadly e aprapdintiasd wajat act .
Shuttle5T16 @éid S a“gn%?ahe floqr of a housing box T15, of which for
clarity t h&“RarTSAhPRH QI mnen pulley line T13 is activated in the

other (flat) di rmepéhepmif f‘[‘ﬂtth§g@¥med_b$daﬂfﬂazll@@rhn§' ylstoth| twoafigaBés bheieghiut tl e
and nove it under notefret T19 to |ift it. The north magnetic pole of nule

T25 has beéfaletaharesgraraiga dyithe Bitonetinterdd (opretesred RAO senls AS MicatuedfEorer at ed
by coil T26; r | L tarily threw
one- pol e rgfayqﬂgggﬁFg%@§ﬁ§§gpqﬁéig§¢§%h éﬁ?@ g%%9¢ﬁg%§?¥?€gtlg% of relay
T29 (shown puspeetlyiof atled)ngwerthic defihedwqaesité baplagied with iomiorphismton RHBSIH TUTE
SHEET (RULE 26) WD 00/ 42596 PCT/ 00{01259 15 fLOM/tquU h off status
(non- ackd vArsIntersieEalyyy 3 fﬁ*&ng ﬁ#ﬁ%ﬁa S RAEIRSH BEVRUELT] SITBEORERAE oY  T31
(generatin i: j | g : af back
0t hr oug T AL B ko A B o Tt sd ™ o T e
rever se pr oloeSidl, scaleltizt itisdengeddomer ed t hr ough anp T43 under comrand of
processor T27. 5 Triangle lock T32 is attached to mninule T33, which are
both identical in function to triangle lock T34 and m ni nul e T35. Wen
current noves through relay peQiled DRsApPtieORDraRihgsone fiel d pushes and
one field pulls) of the two coils T26 and T31 propels nule T25 to coil T26
by magnktic forces, where triangle |ock T32 has been thrust into notch T36
by spring action;(no i i r, 10 to cut
the current. At@?%?%&€§F%¥Q%ﬁﬂ%%gaﬁ+%ﬁ%?@%@?éﬁ&gﬁﬁ%Ch%?g?nggiﬁgﬁe held in
t he ant eri @itchdsffbesh @abodiment dfithd biekmd@Pjunipthysemoigtatieato oe piachi(0p t hr ough
relay T29. Processor T27 is pronpted when the operator places the heel of a

f oot on hedesigeated asthe sefarenesrlédanked ep ann tddeiotfsyabies ireticed HURNO pedal s of

t he fanned : f I i s 138 and
S R S
det er m2te \whingk risgigadyorn bott@hay sopt & oaekamt 5 889 99,01920%9f etta krecdememsiof The 24

val ues in T40 are subdi vi ded .i.pt o f d shar al yues, and correspond to
Uhe 2 pit dheieRle R 470 165 oy 84 081t Puf 3% ol S e AR O or
not e- fret s tgik @hirt bARGDS teOfwd BhS strBYEhBRoMPOSABINE méhiberd. ALY GRREPaIr
nmonentarily activates both relays T29 and T30 as depicted 20 via anplifiers

T28 and T43ffwepedzanialyaligaed elaingnts bearing & Eitenprelatipnshap £arobe eantauplateill s T31
and T26 in e opposite direction fromthe.ragut i 0.1 .~ Thi

causes a ndr i RRGTAR e firi EobS For g b Vi GRY BnteBate Pl at Bl o
T25. At23 het kiamaémbérs tTapéther Witk thEhexi Boftuiphb&thdst eonsBaiteb tridae byir,tdng
novenment of south naPnetic mninule T33 to coil T26, which then all ows

unl ocked mib@ncrd goshlosysHRes cAnseRtvetsongpairgthistatal f 10 pisghes kpsuitableyforot ch
T36 reache I I I : , J o]
notch 196 ByTYRTPIEH Eich RAbYmENEN cbfflsidolfs rehifing Skt BTodlB FEEC,
not e-fr et s fuhdrhirsifitagachivhlueds popined ankrodeyit atimder in pahinshdsisltoslierdglitofi and

again signal]s the processor tq cut the etic current through the rel ays.
Tabl e of vé%_@‘glt Yalber e ¢ %“,J?éa%\%g@uaq" &%ﬁgtpétsh?seﬁege%serry rieadr fiﬁ_ﬁrf&nat i c
degree {4 hg,ft taﬁ(!f'ﬂl% s%é‘tﬁ dﬁ%’%’é t&h'tbﬁla B ReBk PO kegy;kig?k&%ré.%hg SHePcérd 10! at

position) together wt e note-frets that nerate the 12th degree
val ues ( 1lblieseret&4i BOGHAPH G0O0s1AZ, 864 ancheldd, iand 29Ht9900498, i001)2, 2These

tritone pitches are collectivel ontrolled by gne pulley | a hed to
one mul e. ?ﬂg“‘é{tﬁ%ﬂ*‘?&% %ﬁé@%e%/tlﬂ?ﬁfﬁd%? pite 1‘681%’2’85?8‘%/@@86’/‘%%%9 16

ot her values for the other five two-way note-fret tritone pairs are listed
in table T40, and each are simlarly connected (not shown) to a collective
mule. For flexibility, either extra progranmng to determ ne which three
adj acent tritone pairs SVBSTHHERIHEER(RUME 36| ggering means (in this case
f oot pedal s), or a greater nunber of 5 pedals nust be provided to allow an
operator to individually trigger all six tritone pairs as needed. Fig. 15
is a tone chanber T44 for a harnonica. Air is pulled through slot T45 over

Y — A~ ) — g — ~ A . o A . 4 a1



Fig. 17 shows a one octave 13 pitch chromatic harnonica froma top
perspective view, with the top renoved. This sinple instrument |ines up
ei ght toneydQoabgbers left to right providing a 7 nenber npe&yigbodisal ©
when blowng air, and allows five accidentals to be introduced by pulling
air. This instrument is calibrated to pl@y the straight major chromatic
scale, and is shown with C key signature elenents for orientation. Wile
pl ayi ng t onad thednwestsplaged trive pitolmsd 7 and] 92) ercadrnidted wihen tisf 12 pidches pi tches

oppost te iR Byl S8mRe sl g RiipEH Ry Sibanbied 8 hilorid by 1, °5,

spring TS5 jgitialij e tht @eid b@ftomtcs Vheria(M98 anl 304) difahé de pitties of ITe
parti cul ar toneﬁckm shown in m?S danper T48 )and P slot T45 are

shown in si%ith thtrsb@hest nlmdlcpwomnt&a iang 30@) agdhe @hmerrsa?lui:%for He nintht  of

o nant> g gt B iETe it 2 A Bl oS RO e,

and is hel dviltyiséMerphixek b theallBein®it gt @GU IS} Metidl 9 reflseinP khegRe tolfoB r esi sti ng
the return push of s H@quTSB al ong bar T49. The two required foreign

pi t ches ha¥empenee cadSed) Wﬁb the lnwestplansa crEpPan@ie(O3 aadBe) asuTE
SHEET ( RUL I rai ght maj or
chromat i ¢ SEaTE T Shn” AT ke har o cerbe fridia Brbilches ST 5 90t Group
(in this casecetsfaligplad)the Emg}am@ocfmﬂbevlrmsmerpplshcnn teanbéomumanfgoupl 48 now
nutes the reed fornerly so gegg?i 4 cents (T47 as seen in fig. 15) _and

al I ows tthe %é&“‘s%l&ﬁmungfors&%s (h-elegress uzaden ﬂil%bafsweywaf%e Eﬂnéﬁ/ Tehe C
scale 5 ac i S

el cred ThTTae gehBesile *&thf“;"s'f“tﬂesa Tl ISR 5, BRI 0By
al so shows aad 906dageeds. Waithuan mfrumemumgwtiimg ormw)ema/ntald:ﬁtontlpalmmeddddmrrper
Fig. 19 sho fter th of the operator enabling the, su nant . group
of % onal * canisr Brecisie Fop i e T O L P BOERE SHIPREL THRE! byt he
| ocki ng edg;@orl:@c;ﬂfbéﬁ&ﬂfr&‘é@tHa%'xﬁ%@rpQ'aHﬂRﬂa%fch?Jﬁﬁsth& sting the return push
of sprlgg T55. The required foreign pitches have now been introduced to

al | ow i Bonor phi sig.chshoties asnitettpred gopit gyfr@iiﬂ? for thresgotavsa oéarenligmphic This ~s
reflected i t ffe

b1 ow g 11 S8Rl tts MDBIcamk 08 nfilcP F AR gt R Mol Boval o ¢ e
danper awaywouldpivideasevéhdass Eh@thraﬁlaahdmgrees“nré slg)eni:ﬂ;osed fitstiripyatt he 15

operator on recursive release plunger T58 frees . the Iocked danper  bar and

al | ows the th%keﬁéeﬁb%@%ﬁgqlweﬁowr%@%r #nd the PjteRss ARy RV areshowa tQthgmighhg t oni ¢
arr angement,,; ouE 8ﬂ§§e reg‘.\ﬁgo@()}?m}‘iﬁeraor&%%ﬁ'thé Ff?clfwhzfl it 1R qé@kg

i nstrunent. e physic i stance a stream of rmve rom-t ut hpi ece
to exit2@ ors%riamre(O])Sﬁs boenmrbmthaue' %&sﬂgﬁ@ﬂthc@nth vadta e atdihes arsl thalbfhet he

physi cal di st nce e airstrea ui re danent al 0

cent pi tch. ?“81[ lﬁBFr ’ﬁ“%ﬁl ef‘c‘feéng?'@s aree BW&&%&%&“G%&’(?&&E Bi’ﬂ‘l tions
sufficient fpapesmId. hﬁlesﬁr’i%kl&l?tvamk o eRACORBH ﬁsesc%a ® QhuDhiches as

| i sted beside each tone hol e he eight pitches providing the natural scale
(i ncl udi ng ke af@ny Aapzanal fmgarlqeyso tb@mhéynceﬂaéesw&ﬁﬁé@mby Arhectgvguepeat

fingertips ands ot ong t he

ventr al sur Ea%dgc "%)l alne],fé h%e‘ eyé’lesl\grk%gb?cesgw yma p%dgl(t:aee}%%ga%

posi tioped to alHigyg §Hoevsra ;&lﬁipetdiwﬂ:fth@k@@pmsﬁf@ ahtrheﬂamf 1sfc1hmm@nham cal

lifting | evers, one of which is |abeled as T60. n depressed, these

| evers i ndiasfeading paier rad404eh V@Fhfa“t%’ée‘?slh@&ca@ﬁﬂ%ﬂlaﬁ%‘#f‘emﬁmf&h Ry t ches

are indicaty I a T61 in a

novabl e segﬁg‘?}% ?%g% %eelfaars&@%%wgg%’%ggﬁhe tgg% <%aéat°§£g§\n§n Thggﬁnr& g further

down t he bdingetingd Gdased drethelsyraightmajor scald)wHesvthe dchtaocrhiapatthiod &l 3%act i on.

Thi s nmeans that an mstrurr_g t such s a qute or clarlqH can have c?rtain
e \Sy gjoa

sel ected pi%BEH&BOYha Qs ngtihep Deaaneled yp 1 dhe QY &rviesa
SUBSTTTRHE ¢ ,%@%5, ns | one
hol e T6Jfer5|-at§‘lfe_1| rré %ﬁr I's lg\%?cg% Sﬁ(gr)llréngttﬁ %ﬁgg{ﬁgﬁe)l%lsg%%é ?’ﬁ?élog%galﬂtgl?%n is for
the tonic gangb:p teethempdaying firfpce #Pa oo fodgable dashiog. dfhefdogipaltllapdiit of thiehe
segnent T62 has been pulled closer to tone hole T65 by the nmechani cal
action of lever T64. The exposed section of 5 the barrel T63 is now shorter
than the previous position of fig. 21. This position is for the dom nant
group element. Fig. 23 shows the instrunent of fig. 20 with the five
accidental lifting | everé rgrmved to allow a view of included pitch
shifting nmechanisns as s UR TW@ HELT ®IEB20) The thunb of the left hand
(not shown) is able to slide |ever T66 away fromthe 10 nout hpi ece, which
flats two attached novabl e segnents. This provides the two correct foreign
p| tches and thus enabl es the subdom nant group of tonal cent ers. A frontal

e 4 T o 4 — o o ~ -



20 had been pushed earlier to the flat position. This prevents the two
variations fromever both being engaged at once. Fig. 24 shows a frontal

vi ew of t i ment of fig. 23, also listing the chromat| f the
tonic gr ongpﬂlﬂégg?g% shows a frontal view of the sane instrhgrgﬁ)t%bda}l@?%f
enabling of the 25 subdom nant foreign pijtches, and lists the current
chromatic values. The related novabl e segnments are physically noved to the
flat posi _tIﬁﬁg&xeéy@raﬁbwggvérpxﬁhﬂnhmw?érsgﬁ to/SRBic¥B thid dampie 9f a dBsimBRNS a
frontal view of the sanme instrunent after enabling of the dom nant foreign
pi t ches, anwitingmgth ditherbandeont thishingrmentg val ues. The rel ated novabl e 30

segnents are physi cal noyed to the, sharp i tion, such vahl
segment T62 when ‘§n§§%%‘?ﬁs %én%f:é'%il?%odlt Pﬁ&icag%%lﬁﬁwf@:@' tgxe%%ﬁ@% te‘gi t ch,
as opposed did. Be Therbé: esistoi-o0, 29thiceatC @irdvalivéshatet ailed in fig. 21. The

ot her novabl e segrrent gan%gd wi t h SUBSTI TUTE SHEET ( RULE 26) WO 001 42596
PCTI US00101259 19h¢ etherpitaheearedireEsharp 13i Bhamslob=dbrissdwhesta¥pgaged as

Thterior of o wi § AEPSfodh PRRAARE el Ot pf SeBRINE nfy S iaf e dhald P
hol e cover sl hldaggerandpanddg InfQieptte froin thendaahighest octhb8abdverthé idntest rat i ve

pur poses the nmask has been noved to the left of T70, which it normally
covers at alhispprsalar Aingerieg ip giffesgrain ghope bernysm islpasad ge pretbererf thy t he
operator c r i T AL T7 T i.ses, mask
T69 is thr ﬁfﬁﬁﬁr‘i‘{ﬁgd?ﬁg teg “&%lrec%%fie?%é% géor?}ﬂéd igcﬁ)g cﬁ%tfggﬁle tz’%égdé"sént er of
t he maskOt oTlas postlinicalyl(by Tnte@nl imniad) theaame oimrdtabldyad irefig. 4\ buesoungs ade

2651 nat ¢ helTsURE DeGhHRM G e il A CHETPR 4y S snlgbat Pe. nask,
anot her Opegtaatigmnaj@rvq%@@k eabiPyle Jah_%fcsﬁvs%dérwg) t%?a;eoumaﬁiﬂ Bg@ﬁpﬁg%tsﬁgr

T72 aver pivot T74; and allows the spring to slide the mas
starting poswiepplicalibn.sSmppthiamadalifmgdesd basath root @l theWtladqpregparder n r eal

time performance to selectivel ift or drop.a particular pitc rgi ng
From -t one mufandss Efufifits et skeip BB R RO SRl sBhaf ™ o' "0
movabl eqFeskegsss Eﬁdnﬂesori%ﬂ{aﬁfk@} agaittreand d; e v blyddehanid the osiarpbeloshi fting
met hod of figs. 21 and 22, which utilizes a novabl e outer barrel

encapsul at i ¥ t&Me) 1F8Y iAneptal ad ghis ireanek der yasive shondh d hedme C#tich sprvesasghe 28 i s
a val ued Fr : N, equ| p .t I tQr_ ' I: [ | ef t
fo rignt 11 TaEnc R SH RS Rs Mo dlaBh 18 87 BF SR, 4<3he BRI el 2

al i gned 20 4mirltA8 deefes abdrrdliatdine otief ThiDpirtictldrmhodt segmbAd sdffevoratiid Nng T76
to spin rotqQr T77 and routes airflow through | oop T78, dropping the pitch
in this casfgoi® %"é‘ﬁf‘?lqrﬁhlé‘é?‘t‘h?% Q?d%?ﬁfuﬁé%?rb?@!m’?%“?’i“ﬁﬁfﬂﬁst finger spoon
T79 opepgtes in Bighkhad adAGYNYT a\Hofe-RE Tt FBHh {h@ nSPTH tHrBLAH thE8dupRde open
the knuckle T82, ro;l)pi ngp’i"ctﬁhé1 sgur(l)di ng plﬁ%h(t:h by irrl1 this caésyfet 11.t7 ce?lts in
certai n confietrasitions forasiclvarameny) euatore SThag tafiowtypfarahe logyi Dgnamres B5najor
mechani snms, _and, it .is e tone selectin ans, .i.e. val.ves controlling
"oope. cont | BT A aSrS SINAT HRB St b Rdeh Fehais e RS Reb T STel 1o the
art. Fig. 29a&diossallefé-aeepiitionel td fehetat®a M@megarrt@it@fn I Y& svavddt h
conpensat i ng | oops. Air enters T83 of double valve T84 and 185. |f opened,
only the 204 geamscplsmpsition garigenerate twiopassiblacent ealreaiepsndipg e avhetisr thet he
added. " &epany iR R er b b SRT IR b FBE T by HRe0F01mE B Tre
Preferred BSuan®ged nétbfaieinbCshooal 48 thioraasiatiyzegchbRtCOpisdh LICT ks aifffetdie
preferred 12 menber bicameral scale, a reference pitch 0 is selected.

First, five®pithalBedaesiton (Indhaillustmiiongeneh didied patreiretis given the gyape pitch.
Then (by ch i ) f I | agai n. For
exampl o o Duge AR Tor MAGURE) il Rap BRa) ROCHERS Rt Enl ARERR AN Nt of
the initi al sttapgtitdin®acidss {6 Dreall Ok, th frObpard808¢widigthe sddynd stlgedtannthet he

fourth | ue (2l a.0 cent value (by subtracting 2106 cents fromall six
val ues) 58, gy @ﬁ&@switwg 5 gltesy W&@ﬂédﬁﬁm% gl tEe BithEer the Beiacqms nBEr f ect
fifths abovgekt, and three negative values below it. 10 However, the six

di stinct underlying pitches are still the same, but now are | abeled Iike
this: -2106, -1404, -702, 0, 702, 1404. \Wen octave regulating this string
of values into a visually recogni zabl e ascendi ng scal e, the egqwal ent

val ues for the non-octave conponents are individually conmputed: |404-1200=
204, 1200-702= 498, 2400-1404= 996, 2400-2106= 294. All 15 the val ues can
then be put in size-sequSHBSAITUTESHERIN@®WEEK20di ng order above the tonic):
0, 204, 294, 498, 702, 996.



Simlarly, a tritone value of 600 cents is used to build a second
tone-string of values. This is done by deternining tw perfect flfth vaI ues
above thi ce tritone value, and three negative valu
below it. S‘ﬁé%&yﬁggt ave regulating this string as before, ang(fsf{ggé seri| es of
si ze-sequential values is reveal ed: 102;,396, 600, 804, 894, 1098. Taken
together, the six nenbers of the first |nterval senes conbined with the
second stx nmemb [ @ 1gloré o SERtS vofkerV @l ues
These twel ve vaIeFr sﬂtg‘?%é/%& alf/ggllr% ?lsge seqt?enltlﬁ‘fg}grger a?g ?&?rl oWs:

0, 102, 204bps@eatjon3tfGhe dﬁBnctﬁ'@Gx;et paRrn 8<Xbit@D AThi9 8Kiwisg i nbd BBscalenbi m I ar

fashlon five other def chromatic ales c efa hi oned_ from
sesatonic g@?‘ﬁ’e"éﬂ@f&"hth t’é’&lﬁ"’?‘f‘f’?%"fstﬁ? &?wszqaﬁg Ftﬁé‘? eafhpthert et her

they are thgy HetiedBRALmERY, 9TBEd Iﬁo@%q}pQEC nddREtdWRLY fhe WREBE), ifHeQﬁ'e;a'IlequenC' es
sounded for all six nodes can be considered constant. Two of these scales
use 192 & odretlires med:é@aee@,gether wwhfozimly. squs.materaé obenonirmon isexdibiteddyrthe nat i on
with the 0 de and thus.neithe caec on ered as.enchanting.
G e rendi TG boRee G RASay Ml T FaRE nhop o pfeq s s pEd
SUBSTTTUTE tSHERT Rokh 8} pitcHEh@ 42596 GIGRE bBRPH0d 28es23 rédph Birins

I nstrunent Tone Shifting If an Instrunment (such as a nultitone keyboard)
aut omat i calQnge q@tmmébe nenkaa thef bitle frgtlinp(nas sbews), Hus samedisiehee wilbhava

addition t SURE ous ches, the y&r C fromthem as
required. %ﬁé y@’l Eﬁemse lgﬂ#’@Bﬁpqeldgg éagb é@"s“ ?u%gtog\ﬁlllag«gn?tgd by the

basi c erdJO(éb(ﬂfﬁﬁIe 98 ditc. onO? derity ph GIE ﬁuhghid)ﬁ@'fééeﬂﬁﬁad’rﬂ is gtated 2¢3708 bur ed
to sound as many pitches per octave as reqrw red by increasing the nunber of

tiers as délgyeng dmqukérybbtaﬁ drifgsstortherdwft sThi kaw 18 S?rasﬁcwerﬁhaéﬁ peHesf fifth oct ave
pi tches at I r rrent

i nvention |l§p%{ é(r:‘)iazg:J 1éarq{z)z %?%Hgg{&ggl‘%fotoqﬁﬂ%@%\ge'@eg%r%v gs%vgggrluga?f ul |
scal e of 1lGrgidechsss. f or m)nophonl ¢ (horn), diatonic (harmonica), or
chromatic (guitar) instruments. Shifting is. the substltutlonal use

usual |y two enhgﬁ%?}@“ﬁdb"ege%f(’fégﬁ éft%‘rar‘é‘ad‘iﬂét‘%‘eﬁ’tt e deminapt ol F‘?eo‘ﬁh an
initialgqgrifhgee rﬁﬁésr aQE S Q{l)&fw | €7 ¥altueRoRftha tHEH R vREA Bitterd JTER: t hese

| atter Instrunents o 5 automati ca Iy express enough tritone pairs,
then the swbtset Ienblbsecpby teowterirsts ismemtangdabut hagenfformelypd viced mpsheunder

operat or caontr arti Iar al ues shi.fte epends on
Pt anl oy dittk Roppdsuicbidi) BYGhe RRARE, KRG, g o€ B ibE Sfiset b

particul ar (sdun@ifti@h s itbinRRs dxﬂibﬁkle&@? t}ﬁ:f&dsﬂﬂétflﬁ@ii o0&t ted Hyhﬁ‘é’Brrde”Bl n a
tritone palr whet her foreign or superfluous. Tritone 20 pairs are a

conveni ent feptligpihegAoP, Grsemzoffﬁalsd%pmw@lwéoemm@mmtﬂ@s§e b and Atb si x
subval herﬁa‘fe{? {WW@%&@@%&%H&?%E ‘Qﬁiﬁ eﬁ’%g tla¢a4t§:rf}ert1?rfée f.el ationship

to the o es cou he anaf ony of the
defined chronat iRigstetiosvswherhetkaidigge afterta)madldaﬁcsremehé sutnidalingt.alAdl thyer y

time the chapged_25 chaords to menber of aothe trito pair.
That woul g@ ?f:nﬂ gi“@aﬂa@pg’éidtl 7S %Ott? tihgovaadiiiue B"fﬁeﬁ‘bf’ng‘ t he
nusi ci an.  ARERRKBBREEBY tchdidlgeRROMSinsdiRld, Eut%s@hifﬁﬁn@'aﬁ‘d%de@@o%%éj be to

establish nore tritone pairs (fromthe initial | lection of six tritone
pairs) thatnedo(tbwarajlmht prtply des frelbnor iri examply; therselgithgs@f&eefor(nerle t he

strai h ma d forej o.thj st. be

avai | gb (Jéﬁ{b?l}gﬁl ﬁ‘%fnc%tf nqﬁwgﬁ(@gbﬁﬁé%ﬁﬁf@f&rgﬂ{ thﬁy"* thrrPﬁlF?’ﬁlé as in
guitars) ifortsh@ f@m? xHafiled B9 REHGretitnel Re REWRKBDREY B thMHIOBROW

i nstrunents such as STI TUTE SHEET (RULE 26) WO 007 42596 PCT/ USOO/01259

22 flutes cthmgmar@mnsltly smmmls wiftgh 7t 4nd vaith thetppmotqoﬂmﬁm@emdmteﬂoperfgsﬁs not es

on conmmand as_the ositions of th 0 the

o tereaa deorimR g e SRRk MirEindid 8 MY iF Iif S AL Saoll,
musi cal wordgs tafyalhy mmerch@iﬂctwnad domian dad eltalogghadieyasicaltpiecedominant or
subdom nant % . the typical

either the key signature of E major and A# major utilizing the straight major scale with

isomorphism. Other key signatures have other initially lifted fret-position setups.

SUBSTITUTE SHEET (RULE 26)



5 three chord song). If the tonic sounds a pitch traditionally called a C
note, then the other 15 pitches calculated in conjunction with this C

reference_‘ghz'p)d%ggy will work not only in the key si gnature, {‘:r @901 gSO i N

t he key si F# (or Gb), since F# is the tritone val ue basi c
instrunent wth a 16 pitch conpass is shawn in fig. 24. Since two tonal
centers of the twelve can use the original twelve values wthout 10

modi fi cation for ) ﬁ@%@&? ctively
the tonic gr oup.F%ecgEse th lgg’er%ir}l?éﬁ%%%@g/é@ ggtrsfgg&%b% egag%ugiﬁi‘dttﬁ or

sevent h degreea)itipms tcaallpenbeth aoferianatdymsterior nmtnefrqmapsltlonmosbegphowp iThe ted | ed
t he dom nan r . The su domn ro contaj.ns,as.its n ke the
1Tt h deor ctorbhitien Eepr e s mrmDieddre BB sith s ok B ok AGE PE SPOVL  ve to
the tonic gilenPthebtt 6htHeqRERFIITadES tHe BRYERRAASIIE hStelRetPoRitionNe N thenber . At
the nost basic |level, the inportance of this subdivision into three

modul at i &n gresipsiring Opb'atAlfsgrfortfhéh%éyfesqnghahm@g fees ppsivensreawires todetin cul ar

tritone pai three cho on an i nst ryment
that Cont v« PEARETATAREBoSET, Fe Bor TRl E BafRRlen R0 Her BleRMASE b T ar
if: 20 1.) ﬂxdﬂk#hﬂ?ﬁlsllﬁednmh’wiﬁtﬁ&@ 1dneiaatyiched dve afl et 1Efed@edge NYstiaight NOt s of
the twel ve can be sharped on demand by 11.7 cents, and returned to the

starting ne@eiosscahoein hormpiayefearagither mighsE PEA&@ﬁéhft tonige C%SHQIM@uéImtmant
And;
1o ent - nifishals FERDRR PR BARMERE ORISR RIS LASELERR IS

ret ur nedot oofithe 2$1patrﬁesrsgowauﬂ figl 1,20t gl ipanicalar deeendny 'ghleﬁ ihs$an@dOMRist O
access the subdom nant 8 o(gp Exactl this concept will be further detailed
aifity ofrhe

for not onl YyRRYERY, E‘PfF(fYFéSt‘Féhqrﬁ‘%PYm?éWt‘ltﬁﬂgtbuﬁg‘é§°§ﬁe€i§‘bed pi tch
sel ection. Mg PR b éu'BﬁIngéHE g awebedm@dathi@ﬂle{ 2 WHR3 htft‘ad

tritone pairs than the three nodul ati on groups discussed, which uI d
i ncrease thenoulgbﬁcubrl@gs t}wfstmrlreeflfwswlwshmenashetsneng lﬁlngthstoaheprgpaw&ltﬁao beyond

16 fre encl hi Ied Co on th exte e
nodul a?:Jons gg‘ %P%?%ﬂ?é’ﬁa Sg‘%%éﬁ*g E‘%?P f 62’2’}6 re‘\ﬁf}’%’ésl ﬁ?ﬁg"ét
PCT/ USOQ4 Olgo%am%gmﬁt ﬁbtttﬁ@pﬁéﬂ Iha%é) lo@ meqéfeiénge ﬂ:omém?p% ERDESt nétBGret S

suitable for use for exanple scale for a guitar enbodi nent.
Al t hough enhdd fﬁ@nn@nk@bm@sﬂmr@ spt@meuatnhb 7stant@fmeh’e?1h(ﬁﬂuedlnng pihidhies t hey

can acComORalSron ULRITS £, 11F IS Sl oAt SBEREPE L YL KL 0o o0

particul ar iepsdtedbeginiingavehy 7t @étkind, and &aae(glalmfepédmj B&gﬁmﬁﬁg atchp 0Stht(hens
allows 24 tqgnes_in E@ljl Threebﬁv\@)éhfrets are feasible to extend the conpass

of the instf’}l?r‘ﬁé]ﬁta’,’d _Pe%ﬁ‘lrﬂ Moy shovidyverkil 1, and woul d crowd the
fretboand W th epxeesslyRvBotRLRw of the guitar neck lllustrated in fig. 10. A solid

pulley-line T13 connects all of the E values and A# values, as they are together a tritone
pair. The two ends of T13, shown as T12 and T14, connect to a magnetic mule (not
shown) that has the power when activated to draw pulley-line T13 in one direction or
the other, effectively lifting or submerging required enharmonic values of E and A# as

25 required by the operator. The other five tritone pairs are also ganged together on five
other similar pulley-lines (not shown) to be engaged as needed by the operator.

Fig. 12 shows a perspective blowup of a two-position note-fret mechanism for a
guitar neck. The anterior fret T17 is shown lifted by pivot T18, which submerges
posterior fret T19 as shuttle T16 passes underneath and physically moves the hinge. To

30 enable a smooth pull, fixed rollers T20 and T22 guide pulley line T13 as required,
which slides freely through a hole in shuttle T16. The anterior position depicted for
shuttle T16 was brought about by the anterior tugging of the pulley line T13 in the
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The success of any particular tuning systemis a subjective affair
dependent on 10 the preferences of the listener. The bicaneral tuning
system prQuh gfs;sds Pl urality of tones in a 12 nmenber scal e thagusgoRi1ie’ f ect
to just intonation theory such as the diatonic 702 cent fifth, and al so
noves to inprove the sour third problem4f 12 tone. Instrunents built to
track a chromatic score, but configured to sound bi caneral tuning, demand
an oper at odirtetainnefdhé arrewmdenaidid bridde (rat show@ndpuesert stapblock (imildrao 15
desired scale. The extra effort for a player tg handl e exgﬂg t ones _per

octave ( beyiie é‘r‘?pPWF]E iTgll) llaé)reqcée@\ﬁfretrﬁart"r’i‘éeeé _ ishitle Tl AREE Blajongat  any
gi ven 1 nst gidqeoubinBBod TR HIREIafinP nRCA @ or Wl F, tisIhg BoRUE 1558 ndt ! cul ar

12 pitches. The insfrunents fromt'"he various tamlies of instrunments to be
descri bed v tnabjr viedeoftshettle dilice Maspimoiresmednsinetrsbophagegage ahd mose the

enerali_zed dyl ati,on rules, either, 20 transform ng a.chromatic gro of
O has 5 e dena e i S Bireiont uemarerets o Mot 6 PUE By Lt ne ¢ he

full scal e diractidhestopsiBcieT2 MWold x%ﬁ%l?ia'gﬁﬁ]EMH@ Rt8ri Sikedle SSshikRIDPRY HR1-
Keyboards 25 The common Cristofori keyboard has 12 fingerkeys per octave.

As with ot neuld prageliil bavkl undbr etk 19¢ liftigtit andegausing Fretddn tbeulemengab&hed wit h

a footswtch.affair to enable all of the thr basi ¢. nodul ati en, gr oups
Gur 1 ng pl agnoreR g OrERR T uianed n i Bet e ARG TR fiteed pERr
concept andadtoatQriREQk BcHRYDARS hch BREmbE tihepleBiast Hebk &Prai BULA BrqOUS| Yy
of fer all the enharnonic notes that are required for a specified

enbodi Mént fingeitip tecngAgsatseang prstanioatp 4 box srsdieaaty snndwitherefribe echani sns
entirely. An_e i Ltitane keybgard (with nore than 12 pitches per
octave pr eSB%@‘?%L‘%ﬁWEﬁrEY%ﬁéﬁers%/‘i&%ﬁl‘:"”zes) WD 00/ 42596 PCT/ US00/ 01259
24 desirabl e beFag96 depictdesits giewl dfiagdgddwsisof tandvayt Setadetibhd Y42 endhandl e
musi cal tuning systens wth nore than 12 tones to the octave. The basic
keyboar d ofl 1fi gthepcapgblegigpatlingdupidsiiereptrahannanic gubmERGagtes tode

appr oxi Mat GhindedQorCLEHR R0 DY nd Rihe GRAE AUERE 86 iE BRPEHoRlids NGhGht about

one 5 centinmeter between the tiers. re are only two keyspaces
bet weenl 3l atheo alvoticg Aues mehamsinn F42abaTes pictsbbes acsvatal grteathasp peditdn  Junps

up and down the keyb are achieved with npre accurac han with the
i otof or 1 ey et e TS buEh Badyormithg et Mes i @OLTYE e Her |

Fi fteen colapifigedfy theysullepuing. &l fto¥hiRetl Unk n§t@¥@6¥ﬁﬂl’%?“l’iﬁeﬁ5}99ﬁn bé&kdepough
eight 10 tiers (which provides the required 16 notes) are enough to allow

t hree trit daterpaifigs | {,@ndpivee hinge-nsechanigihtT 1fwjan be cersadared as ayarotqrfieght  of

ni ne enpo nQther, two.tonal-centers. To create a-tactil ort. system
Lo keop o ayRmS S a% Rnd IS SN bRl ton et gy Boe Pitisuls BB,

unsi ght®d pd gangesd alodlg d Jayheyutie g liay s®thicg 0hresll B filpped o sharflavusstap t i cal

| ocations. 15 Every fingerkey on the playi gﬂ surface |ying adjacent and

behi nd a giPOBHODS REERKEYA BHSAREE VA VISt &P HIQ T ISt dts pmeghapismp &nshowa 18 ven

fingerkey' §50i3 Cbievﬁ’aqgﬁ%z%%mf ﬁ&g-?feﬁs?g 7 #d 9“86%@@6-5&\9'3&&(&{0 gi%’?n

fingerkey séunds a pit cents er than the pitch that tr e reference
fingerkey dddn@sapbWickiT23heaskayled iflgsladgairest ginoilgpT 06, rhogng B wmdermeath Fre&f er ence

ts gu Sl:d agd gﬁ‘d 7: z?pgl (;fag?flg ritgg gfsg rése gepficltgg elgokre@%gpeg' _viLe%vog f thg hp;)lazl'gt?ls,caegr]a}psxg woul d

25 1illustrated between shuttle T16 and the support arm of fret T17, but in actuality they are
in physical contact. Shuttle T16 slides along the floor of a housing box T15, of which
for clarity the walls are not shown. When pulley line T13 is activated in the other (flat)
direction (not shown), stopblock T21 will engage the shuttle and move it under note-
fret T19 to lift it. The north magnetic pole of mule T25 has been drawn by magnetic

30 attraction to the south field generated by coil T26 when the processor T27 through
amplifier T28 momentarily threw one-pole relay T29 from the off position depicted.

The activation of relay T29 (shown unactivated) would allow positive direct current to
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fingerkeys (-600, 600, 1800 cents) would sound the tritone F#. The hand in
fig. 3is showmn making a major triad chord with two other scale pitches.

The five RYLHRsues the 0, 39G 702, 1098, and 1404. In the Key¥uQ§odrase OF
exanple, these are the C, E;, G B, and D notes respectively. The pitches
for this are 25 shown circled in fig. 41dsing chromati c nunbering. This
sane chord can be made with this exact sane hand fornmation anywhere on the
keyboar d whidove tiirbegheo firstatisn(aogHactkeyesl) tdoutskpole rehay S 30athrowghl tanth €0ih @26 i ng and

(pr ovi ous! ynSiiS TG HaruinE & huihie i BROABAY ) DD CAR R BHIS (Gahiand Gter
(but in thi i ; ; ipger the
five notes ?éﬁgﬁg%%@f?? GS@qésr&ﬁildherer;l %ﬁ){e%ﬁgi&%'eag%o %e}rlfbciu? ?tggiffl;mgfeav%}esg on the

ni nt h degr emotesaatlaydid0aes powtried thrpwght dnep Ky underCoimsnamd of ppicesdor TR2I ati ve to
t he nint ree now.hei.ng the tonic, it five notes are .-306,. 102, 396,
804 SUBS?’I %‘fﬁ@g&%ﬁﬁ%&%ﬁg §d to W’B’C)‘F@%%&%ﬁ%b)@?f’%g 1B AueHAn {98’

Usi ng oct augiah@e Wkt T3 andymaedi R ar3306vhéh dirtenfhot&amiduBkélng TOOaR& pitch
the new tonic), the intervals are reveal ed as 0, 408, 702, 1110, and 1404.

Anal ysi s widqublecagéian (enedfield hushes oud orst f2eld anlis) o shenwoseils £26@ad Tahd B not es

s widaubleasean (eieiel s esld s idhon . ]
w th adaea HoRTRmeds 25 RO Ead W Ababdts £ SRRD whel SRR AT BB hef or e 1 or

t he strai ghhru¥gjnts nGeRITe6 byh;fglﬁng hetiohanet showipisigaaliiO(nde ke vil)ehSadeesshor d
using this nodal scale is different fromthe hand formati on used to nake
t he samtV cHecH! teichirentn gtithis peint & Grdllypiatien, dos netetdicsareheldrin dhepaniterior
pitches. To; hA |, i,ff re

Pover s of i BRI R Yok an@ S QuREHI RV by AP 128, BRESHP T
lie with thepsangedodpats aqrtantpideshetizel dfta foondrchedNeesh@BY efid Hépedsed t er

nane of the k signature pitch, th | .ayer shoul d al ways know where to go
to find a s{PERIRFHO Sﬁ_ﬁaﬂr\a&%ﬁe@%ﬁ)@h? GBE paeECTeRl @ BFeRERbRAMSHBUnd. A
pl ayer thatbe@@@en@ﬁ@ﬁédﬁﬁdrﬁ%dll%@af[’['hgrsbr%s%?q2’7% S5tk oE CRLES BARS

. Qh
oriented to the key tonic always fin I's sane data enployed as a base of
oper at i bhs.oval buchiélr o deermineshicktrdanot felys tadagivaread AW pedpt comgand.For a

Kine a1 at Tndevalds h 88 acd P Atc 8o s Sk SR PGP ERRRO tohe pciar
arrangerrentzqﬁﬁjhg@ﬁ@[edglf_ﬁr%q_une the range of the instrunment beyond the

initial default val ues. e footpedal or sw tching neans shoul d have the
power to unifornig Ehshowstike 12 afiei the goteriqrmoteg fets ped hiftedn| ipsdhigirgverse

t ransparen ' ' r ' dfﬁﬁﬁﬁa n di ng
(prior to ?{? %e-cglp g%f%é&gg?%%@gﬁ%&p rgigtasgé(?}éé%l,gyl the p'{ébr%(geﬁfcge?dnt one
sounded2by tihamppietsiT28laad THBnepretkely, aowmppmamied chaentao floaohesvwe yoilshange,
t hi s change not. be i npl ement ed grnti | the fin er-k}e% i s released and

il !
then depr es5edghihin thipRPositedErRiON TOEhBIS PG UstF Indie kbt Bnig spuresaif a
player is m&%s‘%ﬁﬁwﬁfem @Falgg%afrﬂpbl%talrﬁiw &%&@@ﬁ&tdmlgﬁzkep&%é@ﬂsng the

instrunment while ayi ng. ted String I nstrunents fretted string
i nst runment sinstart, bchIdps pulkddudimgoh d3 6diyvibe sevemaiierfsoab ndgngué t ar s, bass

R T T e RN S
| engt hepgd tohhd RitSURSRd dtabthEnceiEET6 feblids a3Rint directly over lock T34, the lock is
thrust up into notch T36 by spring action (not shown), which secures the position of the
note-frets to the flat lifted positions depicted in this illustration and again signals the
processor to cut the magnetic current through the relays. Table of values T40 lists as
example all note-frets for the 6th chromatic degree (the pitches 510 cents in sharp
30 position and 498 cents in flat position) together with all the note-frets that generate the
12th degree values (1110 cents in sharp position and 1098 in flat position). These

tritone pitches are collectively controlled by one pulley loop attached to one mule. The
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WO 00/ 42596 PCT/ US00/ 01259 26 bei ng pressed against a series of usually
nmetallic frets, and the string is excited or plucked. In general, these

i nstrumentygohayssel he frets extended across the breadth of tperpgedin19de t he
instrunent to allow the sanme long-fret to handle all the strings passing
over 5 it. Since 12 tone equal tenperangst is especially accommobdating to a
| ong-fret type of arrangenent, this is the conmon practice. An instrunent
can be pl acghertvaldesfbrohe atheafivé tad-aay Roteefistatitont phingareisted\in bl fr et
subdi vided into six sections terned notefrets, each of the six w de enough
to handl e cdyeagtharesimilarly copmpated(not shavanitpa calleqtive dryent andexshilibenent of

| ong-frets.; i - b : N, SLX Sstring
guitar, to ee‘éjtQ 5%)ﬁ§sﬁg§§§hr8ﬁ§€§§§%§%§- }’cﬁzﬁﬂ%??ﬁ%a%ﬂéra@ﬂ?%& ET% the tritone
pai r E and odtmartded biyehstriggeing memjsqin thisadase ffotpridelsjrer algreaterimgibet 6
initial pote-fret setup i.s shown in figs. 6. 0or .7. Shown, .this nmeans a

pl ayer can R&dels &yt ET’ Pg’vbcfegy}olaH‘éwéHtoP?rgt%f‘? Hidb‘ﬂguar!rgftﬁgg%r\églséx BHoe RAYS A# as
tonics. Theggtywy tonal centers are the tonic group. 1 S If all the

individual note-frets for the notes C# and G either sinultaneously nove or
are replaced i n Egshaisp toshcliandrer $44 forq haemgnie). diriepullehthraughislatlds t he

new notefrets soyn t 11.7 c sha han t initial pitches,
Then the. | rar tiring 4Gand T awPamptu 15 etsrubEhy ke B ddrmyesdin d hadrs

pi tches of Hhgast babsepRied b ¢8R, Andilr Bvo (ReSRirkelinltROISpposRAt €rs are
the dom nant group. The resulting note-fret layout 20 for this nodul ation

i s showh0 | ndifdactjon gre qRehalhlpiving and TiSkeo ! teathagiber wridpyide agotber thogpitches, prie a11

t he indivi dufal .nl?t e-f ret(f for..the notes F#T]’:\nd iCe'at Qgr %é r'[HISt 120 sel y nove
or are repl HoBYH  AVEYSJamnes by emus eRgs: eﬁ'gc’tpﬁﬁ di Y &CTTOR, MSUTH NSt t he
new not e- f r §lesatsi0tWitheparta®fitchds of a6 ¢ aiven fistdnt clebiedbytdi@et Blbivira] orfpullidzes,
then the instrunment wll now allow the player to correctly sound the 12 25
pi tches of the skigal@mowre] RArsPEetEYEVIBY fom aglanigd beHemangigrfithhionecent er s

are the subdamappt ﬁg;]l%;{?iéh i[gk?oni\??ﬁ'r&e QQ&. F‘ﬂ&iﬁisfc{o%k 1d B%AY th Rers BiRe of

nmodul ation 1S shown switch selection - array (such as
f oot - pedal shg.clamnkeo plasife thewdimbtsiorfaherienvdtam afolnd vibtating redus. BoaperTilais

instigate and retragct these operations. A ped 30 mechanismio dg this is
shown abovecFgyeyn ‘%g‘.iﬁ?thﬁ}p woa et aBWCEgg?&?@O%%B&@ﬁH}?éHPmQL@%ﬁaﬁ om t he
dom nant grQupLJMYESofitHerdwo subdom nant note-frets in a flat direction
simul taneously wth the domnant's two related note-frets returning (al so
wi t h SUBSTI TUTE ISEEET siaRuLForzB)ctave WD) piioh 42996GLPETMUSOOY d2590p7 a flatting
action) fromthe.foreign. ition (or, vice.versa when ving to the

dor nant ) RRPESIH HEw BB ane b Eme e, S utPlORtE TR el KBS at ed by
unused Do ngefambefs [tfgo HebGltbdingammeappr mgural Suletwelenasio® iy air, bad tikdved to
the palmor (slightly 5 ahead of and bel ow) the bridge, or_by other

not or - cont r BY4 ¥gidspatsioibgantrodpsed by plhipg ajry JBisfinyaNGE Iscabibgisdemidhal

j oy-stick i : j Ik b QN I: f - 1.0 of

o tches, oz aghlinBigf BhibBlale i hd Rnolni BEERLS senBuPBRnt 067, T ey
fol | ow ng tdréenvdtione SV hife plaging patahtaters dHthgitvec ghumpi ns hiterawnt ofthe 13

Cr1 Cone pai PIChB oy o ot PUiah T o dePrBs e bR BB IC eTh s means
ngi I iogtrzé pieﬂﬁ?giﬁ gW fFao MyhilRE EXRRPIGELPEYPRKpNNUshe WDy dphiggbasi ¢ 3
T5S5 at the opposite end of its own damper bar. To identify the particular tone chamber
shown in fig. 15, damper T48 and pull slot T45 are shown in situ. T56 is the list of
blowing values and T57 is the list of pull values.
Fig. 18 shows the aftermath of the operator enabling the dominant group of
30 tonal centers. Damper plunger T52 has been depressed, and is held by the locking edge
of recursive release plunger T58 resisting the return push of spring T53 along bar T49.

The two required foreign pitches have now been introduced into the chromatic elements
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Since the guitar nust ideally provide 24 tones overall, the range of
posi tions necessary for a full scale enpowered guitar is shown in the

pref erredywyhp f]gsnt of 15 fig. 10. A conplete guitar neck g/ emioeised (not
to scal e) fromt e nut up to the 12th note-fret position. A bass guitar of

common configuration would only use thelfower pitched four strings. Al the
notes, via the note-frets, nust have the capabilities to be either sharped

or to be flaulled the amigtendjervheorat schleno solitidhwitthéeelesieqibiBbmbiphést o he ful |
conpl ement of 20 24 notes are avail able, but not all at once. This
parti cul ar hederpinaigrowp (in thig geselhantipll asanicxamplg of oas PHEY Fhapge.n t he key

sanat ure Gaad s nb0.hE BENEABILE \ouRgHabAERONS haey e fispt - Doxes

of fi ed in neck 1n
t onal cent ené allowbeneaneat fumindingid06RentpET46 asasert or figX3yp plagtiend séate A
gui tarist deciding on a key signature can w send a _sel ection

code 25 3 ntaSCIQ?Ptélrﬂ}t’FdH?'ﬂmﬁrtB’(’i‘eé’éé‘P thigyegsg P- a&P&??g%pteg%dt“hBSWSgt whergr any
tritone paigs V\\#ﬂﬂ%lufelii how 88k eBRRAS hfstaf% Med o st 6GRAPARSe Rieldlf the

i nstrunent. urtar is set"up for a particular pair as the key
si gnature swreue:ptoﬁféemmyémmmdnords and scales the instrunent as with 12

tone. A one strqke tap of the ls.is all that,is  ,necessary to instigate
modul at i on chanaﬁg'.1_93%‘°’1Vﬁéhep‘bfff§rﬂ‘§%sqsfé}h%?pelrﬂ8r ?W%E%%Q‘Srsug‘i %’5@ AW Lor rect
enhar moni ¢ (pid) eB@ers| 'TDa?rﬂQr BthE%fTﬂH%X besh Qpr&stEdndYs Hé?&b?'dﬁ)’l@ékm times
a guitarist may access a conponent tonal center of either” group anhd have no

need atll lofrecunnveredaee piogasSsotasten thoteursPBST pTEg SHSE TheRUpEE6) VO

00/ 42596 28 PCT/ US00/ 01259 f t h he. te-f t
hour e blote mien i o b dut e LB Suttati (RaIo oA oo

Addi tional gsyig GRtASEdseIF £aB)PEheORiéfHteadn lier T37, 9gRfe thBeffBéted 88l$ P4lué O
enabl e the tonal centers for specialized nodulations. (Alternately two of

the pl ural il §owsf98widndiblavinadial 55caew Beovieht Lsesatvalyg stlesting the

conbi nati o ) t i 0

dedi cat ed ?‘g& %eﬁ{e%?g%etr%te g?ﬁggrodr% gg%ﬁ%‘?@h% ?gs\r%%glagg}?orgm St gll(ggh?bgr%}b@rthf 0 next
play a i f fopemndr oadalrsise adi€ase 9rungexce58vfedsesahe Jladkdddamper bpr el ldwiselsd or e t he
i nstrunment back to the original. setup nplete flexibility to do these

flips ni ghtresp@aww%ﬂ%rqtmﬁhﬁzwswmeﬁég therﬁt%rﬁeg famq argangeraentof tongsg
increases the n;ﬂg% exfo“&a heéﬁze%%ﬁ}&ﬁaﬁlap@d‘dv&h@%swm*aﬁ drifdhybidh! scal es.

A possibly over itious s eme to have
distance a stream of air moves from the mouthpiece to exit tone hole T59 to produce a

1200 cent octave tone is half the physical distance the airstream would require to sound
20  the fundamental 0 cent pitch. The other 11 chromatic notes are placed at graduated
positions sufficient to generate the straight major chromatic scale of pitches as listed
beside each tone hole. The eight pitches providing the natural scale (including the
fundamental and its octave) are stopped by the four fingertips of both hands (not
shown), while the thumbs are placed along the ventral surface. The right hand is closer
25  to the mouthpiece, and is positioned to allow the right thumb to depress a choice of five
mechanical lifting levers, one of which is labeled as T60. When depressed, these levers
individually lift a cap off the 5 accidental tone holes. The pitches are indicated to the
left of the barrel.
Fig. 21 shows a tone hole T61 in a movable segment T62 of a wind instrument.
30 The segment may slide further down the barrel T63 either by manual or by levered
combinational action. This means that an instrument such as a flute or clarinet can

have certain selected pitches readjusted by 11.7 cents. In the drawing, lever T64
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three-way note-frets at up to all twelve possible pitch locations is

concei vabl e for these increased capabilities. O her tracking features al ong
these lin linked to the processor, to allow certai ps or
specified 83)3}3}% EI ations to be switched into play at Iltergfi‘@%gorllg/it@%’glrjre. 15
The note-frets thensel ves can be coll ectigvely controll ed by various

el ectronmechani cal assenblies such as wires and pulleys or |evers under the
control of ps@EAKSIBHSholEMi6S @ mﬁhﬁicﬁﬂa{* @stahBefrgmrtbReiBols IeS! Mhisokitidaiig
note-frets to nove in unison en individual pairs nmust be changed. A

met hod t hatfo5 e tenigereupeeleaentous note-frets back and forth is shown 20 in
figs. 13 and 14. t tovvards

t he strunm ng haI?l1 )zfﬂ{ebwdiﬂgggrﬁgﬁe?ﬁ%g%%%a e{}{é %r?oé?ﬁafsﬁé%g S ortens as
wel | as t hecledes taamae hbRIMESEY the enebhgiicd) axtish dfdb\chrrl§4eamh ekpavde Beduidh lof
Therefore, each apparatus will need graduating to allow for this. Methods
can be ehp |%9ém@t%rlsmﬁwﬁh9ﬂetheb@awea&qsmes ipnofEgaeki This peptien isdor 25
Magnetic fi r control are used to collectively alter the
note fret Ig%g§?1on%?érgﬂb %?&ﬁl ng on an electric field via a relay through
a coil of wire |ana2Esitdvas|the distrementarf figo 20 endrtht vE eccidentatpifénglesant h

polarity, a magnetized nule wi.t er t north.orientation on one end
P be. o avETERed Ik Fievsl il e S ARPEEREHOT T Barby benb Shng |
see-saws aly e memBetiRdeRAhAd flotbifowid Jas @bl@WilIdeQe\eefr fTe6tawad Rfh &ﬁtCh

| ocks the mule into the new p05|t|on and turns off the relay. \Wenever the
processbo dpelmtbpacdowbcbﬂ@ts heo aeacayd tr@gelnlhecgmwrtth Tthlrmprofnfd/e&mertwba;prreca

di fferent Iarlt S ca e S _expres ythe The north
SUBSTTTUTE ﬁ% “?25‘“53 E%%“‘ﬁéﬁ*/%@ﬁb @ﬁ?ﬁgsfre%rsp QPP@ coi l
attracts a ﬂ@wfqns@ubdohﬁnér@@ﬂﬁﬂ %pﬂ-b@ééﬂé’shb%% 92 4. heuiTHE 8lideMel &hre7

di sengages it. The north end of t magneti zed mule is then thrust back
away from tdieplagasilever baroTQL‘htomghéhct mogdpicce ppd shestens therlenaill obthetr¢latedul e,

its other e rne d t h

excpr essi ng. oA fiaen? 8 ads Rl by pBE ol S URIb Bl Egti Lo

cont r ol 1§ egihighiismehatae d@(ihene?;ﬁbﬁf figd. R 1iahd 2B. Thisishaipdroteneend petyides thiene
guitar. This preyvents stray magnetl c fields fromi nterferl ng with the

activity of COvGH Dreiga aitslicar ey arabisa e dopunast BrHgotdenal ceiipss; & frontal

i nstrunents tho S

and/ or nul e\ge\?gg (Saagx?rlpnﬁggsélgﬁfng%c% %@&p}rl]g]u t#c%ca%regﬁ?l%vgﬁ%&{eggal i zed
sol enoi ds, aipositéddinemiehs ¢ypical pusispull pepplinphdadks bnmtlshoWn) santpulltthe pul | ey

| oops nnved back trictl red

5o g e onemarie e b0 bR fontnabingh b eR PPl Ty e TP I eee AR of ¢ he

bridge woul ghddekR WusheRlcadRE 1o thB BlathS®%ich. PIHKprel éhisitheltivd & aHRtGRG I BEQr s to
activate these |levers. 15 Advantage can be taken of the physical

ar rangenent Qihbﬁlhlé engeded @t orcepaired fanmily of a given tritone pair. Using
fig. 11 as a refgre W £ | ow E of the
nut, to the A# o %Egl?l rs E&ﬂ #%gﬂk{ﬁn?ﬁﬂn@?o?ﬁ?#g tsd{asgyﬁgggtrhetl i ne, and
to the A# ofhrbineti¢ haluek dfrted lonftsaroldy, ski pping the fourth fretline,

continuing on with the E of the fifth fretline, the high and the | ow A# of
the sixth fretl kg ahshaws afogtalyiew of he samgdnstipmegt ﬁ%?rdﬁnﬁ‘?léftgso fhe

control bikng t har ped or
fl attedlzlsn ulﬁpglglﬁlﬁgﬂ? gﬁ?ﬁ%egwgqgéﬁPgﬁ%%ggﬁmggﬁ%nngg ?gégcﬁf(gve certain
favored ' OmeValileJ e gngEitsvrel phlysidadl nhxe/ed te thectat paﬁxtmpgénemmgdnrelgfheﬂmt e-fret
ar r angenent tg9 a 0 was depicted for guitarists who use the standard E,
A D G B?° G 12 ring tuning. A 25 fretted string instrunment providing
what is ternmed apjsdbQRRAE ProdtHinigg oetmammﬁnﬁnssﬁér%abl%g]tmﬁ@ down to a
D pitch) would reqwre a different note-fret layout for the 1owest string.
As a resul tdomiment fordigrapitchenand fisethdaxrept cloemene viloes. t et rebted mgvaibul d
have to Be en neered to the re wrerants lf[)r i f, the instrunment isgéﬁzo keep
its abiP ehisage Py sifally mayed (e ShIP RYSHGRe 45 £8° moé/ab i FEYF gt e-fret s
al ong that ﬁ/héri aehapedhdadiana I%gtpzpevmey@@o& BERQitkRYas GpPakid! th Eeasnic Ot her
simlar nontraditional arrangenents of the open strlnlgs woul d require

dedi cat ed npRRit4nc24 esnspitabUBIEIaliet i SeRET Rfmgu@r p@)vable segment ganged with
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WO 00/ 42596 PCT/ US00/ 01259 30 Wnd Instrunents In general, contained reed

i nstrunments produce sounds as a result of air being blown or forced into
and t hroughg @lafRps! 0sed region. A sinple wind instrument, spefluSuRt2sd

har noni ca, supplies a nunber of holes that air is either blown into or (in
a reversed process) withdrawn from Enough holes are generally provided to
pl ay a seven nenber scale in this fashion. Chromatic versions provide a
smal | i nserit ploviddelid sharg piadh 905 s hadniengipedas khovggrandi8odesnts aleg tines to
collectively (all at once) sharp (or flat) the required notes. 10 In this
way a full 4sengageer chromatic scale is provided. A similar trio of buttons
coul d be alternakigl y7 aRACh LR A 8 thé Itlrior Yt aaHl iuftnl Bt RRS of 11.7
cents) an instrunent providing abi cameraril scal e. ese three performance
but t ons wouMdvide uswskl THO withveceniryl haidcavedualargir opliesg W6 rutingbeiarmaddul at ed

i i I dj t. t tqnj c,, dom t, i t.1 S
odutati o DU e REPofks B mechiegR essats et Ak daght
previ ously Imrﬁﬁﬁ? cb¥erk Q@al?ﬁﬂ@QeA@&%ili(ﬁ%l‘é%r (RYSIRLRE) WReRBQSrBREd 8 nihe trio

woul d snap the other out of its |Iocked "on" position. These latter keyed

nmodul ati on ¢mvaescanchbder draweliite GHI andtifeba daiZe Assrandi78 risegywiask A§9as shift to
t he enharmoni ¢c. val ues, . Si,nce harnoni cas operate on th ri nciple of
metal lic re@ﬂ?tlﬁ’ftlh%‘@éi’f“{%‘ﬁ‘ eg’r‘i@‘teﬁﬂ?d(’&‘ﬁ ity ‘&.‘5 cprier ol B Ak BPOLBNL £ i ed
direction, g $céms eurtmt h@\dnYK%LHagreha)(?et?ogﬂi’d;p_%ﬂh?Qctm%b?sﬂo(@vrﬁq{eéﬂitﬁé ed

y

between two alternate reed val ues on deman he | ocking key. Only one of
t he twolOQouirdwbefbathdetghity prassedagainst the lowprcarhenofatimasleWhan & phiten an

11.7 cent difference in pitch. This.is_sh in. cl.oese-up..i ig...1L5. Once
agat o the Moo EaEG e el ler b Sisle 8 8 b Bt GRREIER SR Ghce
the enhar rmmc@cleﬁbaaqt?es}verg}bieomm,ah@mms thB eprimcitel stide Mg hadkalackeiher s i nto
three groups is not, a hard initial concept to master, and these

rel ati onshi Partiag ®osigen woePparays iscissigned br alloy a player ngeal tinpepfrrmangen as
the Mute a {.GC @r . | : rgp,;!p i r.tones
as a resul Pl% dc'g leggg%alt (la&hogltag%ﬁ %?%W@%é%ﬁ%%%?gg)ﬁ%ﬁg?o rlglﬁllloow tﬁgtrgtﬁurego rush
out of the 1nh3tensreThisalteinbvesinovibisinasipestdnolsanmeatiapaht dnddeShbulipuhhlpi ece.

These tone hol es are calibrated_to _all certain.pitches of a certain scale
to sound at‘thSB’BﬁédhllﬁHéfa‘PF'(Blﬁngﬁﬁ?@ﬂ aegﬁlzb\@{“ﬁgl’im‘ A fRYebis oW al scale

posi ti ons SYBSTITIHE SHEER i RibEs #8)kxteri¥Co PRL 42R96aRGT/ USO0/ 01259 31 to the
extent needed. The octave rdnge is limted if holes are stopped solely with
fingers. To achi Ewge28 ks tilcaintoemdh Homlequppedrwiith seorpdri assenetdies ohnmmg of ai r

designs that e .mechani cal capped sto the instrument can have the
i Tt Pow moviFAg B S AR SR8 §ined R Bion e et SR AT ¢ o en
modul at Ron foe¢he lefMRAd. STh lRE&ntdsf thenbRahgd Mg didves dteneThetespih kalesT1Darddhe
requi red position under -l evered control. A djisadvantage is that the

_ ke . A al s
fingers nustoutaswirfley throyeh depp 178 dfappmgrihe pibetinithis cpttotd- L 8p8ht Ge6tto t he
nove) to st he: tqQn | I : b Sy very far,
and the al « PSRRI T8 Hefon MR spodt M ofer G SRR fosniBP i 21
shown 10 f oT8@togspiercadi Pildardalpenthedénuakle Ti8@sdroppieptthd souhiimg p2h by lethione

hol e T62 for thi 306 cent value is closer to the top.than the 294 cent
val ue of fi§fse24.7 CAASIREFIAR ARMbinAiong: Huis Reth JrReTateiowith fipiqal grionart Thj g
met fod_98eSnyah, BRVAN fo tdHeSElOindMEks, (IvhlvecliftdildidoRCcGfHRL) ¢ hat
slide a short distance along the interior barrel, altering the I nterior
posi tion (atedsoond bicampedal tfnes, hieat noake thio hernoperl togke art5 This ef fectivel y
retunes the assogi aEgg?o eni@g to a.pitch 11.7 cents further. (flatting)
fromthe mout hpi B8e?” Show rsRlereent of the g iR sdng (grvﬁiﬁvr?(j)“f“hThi s is suited

to wind i nsgdrpepRitig(IS8s AP cBRNOMUTRDIbIERalve TRAUNGers3. Tt yRehel Qaa iR of
the tone holes, which is due to the need for bul ky chromatic nechani sns

(rat her tha?04 ¢englnop)is addedapf {aiblgaltenbda igpetngl enly tha3 ¢ant lappskaddede al so
| ess subjeci. ta ar. 20 Hor a anot.her pe of wind instrunent. A
speci fi gg t&@ge?(%dﬁattwq%g"It}bcn‘gfﬁ?gﬁg’apbilalf%%dqteﬁtroducti on of one or nore

| oops of tubing to drop the sounding pitch by a specific interval distance.
As a few exanples, tubas, trunpets, and French horns typically work with
various valves to produce differing pitches froma sounding tone. Wth an
equal tenperanent horn, the mninumthree valves used to drop the 25 pitch
by a semitone, a tone, and a tone and a half are usually tuned to provide
the exact required values. For instance, a tone and a half subtracted from
a standi ng octave har nonSUBSTITHEE SHEFT (BIREI29)i el d t he di atonic ngj or
sixth directly bel ow the sounding tone. The use of a dedicated valve is
done to accommodate acoustical |aw, since the small conbination of the
first and second val ves does not provide enough overal



30 length to yield the correct desired 300 cent tone and a half. However,
with a bicanmeral scale the sem-tone value is set to 102 cents and the tone
val ue set ‘g O%ﬁygents. I n conbi nation they drop the tone apgrashiidibset © 294
cents, SUBSTI E SHEET (RULE 26) WO 00/ 42596 PCT/ US00/ 01259 32 which is
a correct value in the bicaneral scal e. 20hus the third valve is dedi cated
to drop the pitch by 396 cents, which is two tones. Further dedicated val ve
action to provide three offfhePreferitdsBicamenilGhironeqici Scatk f orei gn pitches is
necessary to allow the instrument to furnish up to (or beyond) the 16 5
pitches required for basic dom nant and subdom nant nodul ati ons. Such a
French horn is i i : i tiar i | left to
the pleferfe@l 1@ mYAbMSic SRl ayied
right fromT77 fg&%%iyﬁatééeg%nasfrﬁgé 3 .8e@lgnt se, 01'{17 centcs, E’39C§?ce’nts, 204
cents, 102 refendree patnid 014 select@htBirst, Fore Hytiraghean ififibe tbrd desanited abéveahis si X
val ves are terned bel ow as V40, V20, V396, V204, V.102, .and 12. 10, The
three smil |rs§fe,mwa&ﬁh-c8m A Tipa pE mvalﬂe%&%same ?WGPHF%%‘WY%BG&@&%?‘D-
eff ectivel yp&ilreszanfﬂa,eagﬁrmerﬁg& - UBn DY r HiRBks isPRerlapIh Gk H@llt W@ the dffﬁaplsed

al one, none of these three drop the Sounding tone by their” | abeled val ue.

Al so the V46niafid OvZ02yvEd0d¢e2] (5o 8QB, B61¢.eBy deaghanng the oupbvshiei(A6) edps t hat
i ntroduce the requj.red, val ue omat i.cal I,y .rather. than by .dedi cated val ves.
15 To pl ay Aot (prrevlielEt SranaoRal sk Tried. b W tatE R SRSt Tes
(tonic mul tih £enirplpKiivaet td fdrftsd fiftnddbohe &l hv@ired egaPasmheds bepwat! Y
three octaves. Al other steps are achieved with valve action. If the

hi ghest 1@ uridewever dhe sixedistinseunderlyinguntches are atnll B samsphiddomiare dabeleddiggent i al
hal f step stage i th, valyes; e perfect fifth can be bl own wi thout

val ves deprtélfségl,dgaﬁ 0t‘lh'e’/)rfl)(ir %’v@?e@cﬁn six nore sequential half steps 20

wi th val ves; andwhefatiaye feghRifihg (1Y QFih@BEVANEs A6t AavieudIBl revodniabieni ti al
pitch can be blown to reinitiate the sanme fingering process for the next

| oner oct avascending seglss thsgautvalent vdugsdor e Hopw5HYe comporsdit ae indsyidpally1 098
cents =V 1&@1 'h S0 206986 t$105- Mo 0 8% 1088hH ic 894
cents = V 10 pﬁe\%/géé%@{1%Ooiz%/@?é%(ﬁg%n%%@:ﬁ\%%,O;e%ﬁg’rir@ni‘bc %Z@%g%{l‘ls =
V396 + V5 12he v7li02s carthen be ptan siz6Geq2Gtidenda (theVisdd@dingdg8ercbntvsthe V204,

(408 cents = V. 1 + 4. _enha nic 3 96 cents =V 102 + V204 + V 12),
(306 cents '‘9n é9@,220é‘n>|§£r48ﬁ1%é§£cents = V396 + V 12), (204 cents = V 102
+ V396 + V20, enfig{in®ii £ iritodvA8N6 5600 ¥nthQLused Y8 BRild a Vednd tdheledding bf 02
cents = V204 + V396 + V40, O cents = open. The |isted enharnonic val ues

al | ow user ciuriscdhisos dohebyl detpiminingswo pedeatlifhatdlyesrabqud thesdrefesenca titppe cal
three chord iong. \@I ue Bg 408 i s gn ext regovpc%nus pitch which extends the
modul ation Power I PHEERRY QAL TEEIE Bl ow a naj or second on the 204
cent pifeh as toByectatdifegaRiibi Aadsivial debefareg anahdraetied ¢f sizet @hasmiace of nuch
| ess than one cent, with the exception of value 192 which SUBSTI TUTE SHEET
(RULE 26) Vajyssodrexssiod 192735009.0°04580330% | Takes ipgetlar; GaePymemnbsp of one

cent) tot [SVANE : N : t

cal i brated grﬁ y%tﬁigﬁsg?%gg@gyﬁgé%@gg% ?‘%?\{ﬁi %‘%3’5 ??Annﬂlﬁfaﬁ tlglr%{%“ ga%qteg\%gggga tiny
bit nore | emglive mifaberacilons veiaed. HEheB af@dve edudsrbo dispiaptd Bonze-seqnehtial
instrunents gre SO finger intensive, or bound up in tradition, that a
processor - cYAET IR edal affair (for the foot to control by tapping) may

prove npse ¢ Qasi ML 206l 151)8H0 2! ¥, 894 BANSHd FJogct ronechani cal | evers
coul d be enployed to
In similar fashion, five other defined chromatic scales can be fashioned from
two sesatonic series of Pythagorean fifth intervals as was just done. Together they are
the six modal chromatic scales. The twelve underlying frequencies sounded for all six
modes can be considered constant. Two of these scales use 192 for the 2nd degree,
30  which is quite sour when used in combination with the 0 degree, and thus neither scale

can be considered as enchanting. Of the remaining three, one provides a nice minor

oriented scale.
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10 relocate the various tone holes, effect valves and masks, or |engthen
section$ of tubing. However, electrifying what is usually an acousti cal
i nstrumnen be nore of a last resort and is not recong@nG&oifiyt it

: . . . 10/01
can i ndeeéwgg&}glg%e. A see-saw action closing one hol e while opening another
woul d be a feasible alternative to sliding a segnent. The shifting itself,
as detailed for the horns, would introduce and renpove the 15 vari ous
enhar noni ¢ foreign notes i NChigns@sinsatiniasTone Skiftimga smal | i nconveni ence.
Once again, the nusician nust observe the individual requirenents of the
toni c, dom nant, and subdom nant groups. As another alternative of a
di fferent natur i nst | Ll tltane

f arp L 1At KRG @l HaRd)

instrunent, w tﬁ %d?lggue{r?t&e(% ar rrtb@aﬁ?\gg?tnops%o @ﬁ%ow an Zgﬁgé’tu?gé n%%%’?
enhar noni ¢ faieignheshpesimatth@ooasiy anth én addigystoahiasurebilenus Piekes, ddgidyeonal
stops woul d requi.re new fingering techni ques where, one finger m ght close
two stops. Cb%?s%ﬁfraw %Fwégquuteﬁegfmsr}@e@gr HraSERlispEAPEOEEt bt bt ween
enhar moni ¢ DRIES: AW/ the hge EmbOAR{RESE AN 2t b )}P&'I hilititofe WeybatdiShibument
confi gured n t i\slrg;na%ner mu?ﬁﬁ%e a %ri’et%’ only tngef )3%%:33 a Pli m t ed
nunber of keyfigirghat swued as siang gitthes peeagsve sfreqineddbylinemasfig tiemuiiber d5el f
could set the spacing too far for confort between certain enharnonic
t onehol es. USHASEFTS t woul d put aside the need for shifting pitch val ues.
The nultitone keyhordyBoad iHQRMidnREWith RitaxWhinl JfioRKi MOodtiealidAbSatQhy 700
cents) is suitable to produce the prior art 12 tone; and with Iinking
i nterval®s @ivenosstanteenialsoibs egpowatsidduttionr. Jhe comentaneation engherastaszed byvany

ot her tunings wll, be ssible to 3 dvant on this instrument.. Although
o [T hear cdts bt pien B e R Bl el Bt RSB R RERB b i BT o ' Keys
l'i ned up widifiome (ALeloniay, bi e@bmatit gnARMtin@finRHBSWhIhE iStiekhbdflidaal6) WO
00/ 42596 PCT/ US00/ 01259 34 illustrated), a staggered (’o_ff center)

coor di nat i o of usugly kg snhasmpaissicstsof a psefermechl 2 esatrdeystiondiang ar indtialshoul d

be of fset he romti | eg: onsl

bi carer al tsageT oy CRERHP kabERR 4 dtnel St NinkElheSORRLSHERHen Bl non o
preferred Galtbneichlly etpressahoiaihirtanekpaap)ithen thesusafivols pilchegmustirgutu@l f or

both tone s stripgs constant), a disruption in nodulation synmetry occurs
for the tri‘?‘&ﬁéﬁ g’g?‘ggplt% %Q?répﬁworr?ﬁﬁﬁ?l'scal e enpl oyed on the tonic pitch

wi |1 be di f1er enynioh®ib picllap Viidedhie Bbe ahuiPserkAds SibsABCRS AR 1S When

enpl oyed on the tritone pitch. For exanple, by lowering the 600 cent rung
val ue, t he opajatr noust ke thre chotsler Simaeithe e astiquddrachrangattcpashimns gniotveds al so
| owered. Rel ati.ye to just intonation, this can he considered an ditory 10
i npr ovement?® %ﬁt\t{ed[ foeethgy theydgma aam{:dd’ﬁr?lagrw@ﬁﬁarr g‘?rﬁ’éné\‘r SP*P]eéﬁH%‘fsorTar#?f?erd as
measur ez f rarm hite: dohvEMBR FoRAAS PEGE I1Y alushb Cilie cBrofRitic @Balaitdbkikry plus. The
opposite hapgens if the 600 cent rung value is increased relative to the

toni c; the sybyanagheachwl srhoshiwaicamnanentaphvye bean adriteng)relpnshiptorthe t one used
as a tonic,, byt worsen (sharp) relative to the tonic. 15 The loss of a 600
cent tritone rung value thus has m xed results; the operator alters a
chosen tone- st rilfigiest 2gerhev@itbsotiverchangedpthd andtbeyiof @ad defoked chiwinatic

i ntonation, but | s the sinpler nodul atjon schenes praqvi ded when either
the tonic OFEMou ‘3‘38%‘?1“}'1%@‘ffqﬁ@tafé?diaL%&leseé’SWe“ F e thusieigr FhAng

25 chords to a member of another tritone pair. That would be an unmusical situation
limiting the audible output of the musician.

An improvement to the above static 12 pitch situation would be to establish
more tritone pairs (from the initial collection of six tritone pairs) that could also provide
isomorphism for the chosen scale, (i.e. the straight major). The required foreign pitches

30 to do this must be available (either in situ as in keyboards or presented by shifting as in

guitars) if the chosen defined scale is to be preserved. Monophonic instruments such as
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Anot her variation is that the defined scale can be non-sesatonic, with the
20 di sadvantage that this would increase the nunber of nodal scal es beyond
siXx. To preyfiia@steration of the chosen scale, a nodul ati o?crrmsb@@usg
chromatic seventh (the dom nant) would still require each of the two
tone-string to individually have a foreiZn pitch introduced fromthe other
bi caneral tone-string. In the sanme way, an isonorphic nodul ation in

bi camer al f 88fs oin b eunstrii@ed oithGhé shilityao phsduodthecfofdidr fotés Hecahmdmnant )
25 woul d also still require the obligatory shifting of two pitches. If an
i nstrument KgPhysisalpesitiops of e dplegop i) greigiedde seven tritone pairs)
such as an enhar gop] 6ekSYNARY:dan bRt IR SERTHLAGIPABLELPULIARE | €5
trouble for nmodulations than systens tor chromatic |1 nstrunents. This neans
t hat a defi necdramdultazhbckervhbrdspbaiond et damiqarit2r sevdeenihantlfue. thoypitabe

enharnmonic (in this case 14 30 nmenber) in order to allow_isonorphj smon
both thest pﬁvﬁﬂ%tw mgﬁp}éhem&@upmw&qﬂw ércglif’fa@ﬁ@tﬂé*ﬁnﬁha scal e
voul d 1 equi bihef YORRAR bhiehidled (RL4GEdOnNAPR ¢ AedOr Ralilent) AMPwBAChd O
addi tional values to enable the SUBSTI TUTE SHEET ( RULE 206) WO 00/ 42596
PCT/ US00/ 012819 i3 Sheskeydtgniahme C, butcalse. in Thd leeyasiiglmtwrp Fé¢oaGbhsalce 6f islthe +2 +2 =
18 val ues. The keyboard, of fi.g. 2 provides . 18.val ues per octav nd thus
nas. the capdiPms (HESRY & Hakere e BeRy sl 50 AR CTaRER LHENCR Ll 2ohr ce
chord songs based;RpB 1?8 GRNMMRNbEL W ENE HarS &R 1Re o iBWEMSelvel Viiles Hifheat | On
woul d not be so easily adapted to a usually chromatic 5 instrunment such as
a gui t a0 Cowdifissiiom foyardedined sqad, thesetwascdntarnareaslléd edlepiived thetenicunent s

have the ability.in theory 10 to,s d all pit.ch | vin etween.the limts
orYe bart togionp! BePalsO R dogd Bl B el Be e Bmor SBaBES R i i e
pi tch i nstr yERIbes o PLR D tritdn O paiBRY g,ﬁﬁ@(i?bzﬂ}e@fthé Hosinaapgoup f Thhey are not

specifically and physically nodified to assist a pl ae/er_ to gerform a valid
scal e of bi sehfepaRant BEORFONBHIS aFfifis SameEike theall it Acgrer{vhiehisrihe Pyidagdrgan hem

o 5e2PeS Bk TGPl ISLGMIERNA, ILGHTSIS ARy BORY ARG, o,

val i d bildanproainatahembear e termed stepped pitch instrunments and are the

primary objects of this invention. The bicaneral tuning.systemlends itself
to numerous adapt*afi<JRest baig I%Vﬁbrtfé@fla}p@ﬂ@%ceapfo@ﬁisxé@wfﬁmﬂ OttpismEmtdatignp| ay
t hese adapt g4 . l r as - a

typi cal enbg%:ldiu El?]stth@;fﬁld gq‘gkg‘gﬂ%‘é‘; glglégerfgﬁ J:SLEH% pgir’t @ﬁ%r@%ﬁgga?gg%s?%gs
menbers. A barcplaemahy haeeroinird sonvgswindintipgiugadnk thaberly tedjpionsy aravides ddi c

scal e whose i ni }i $I seven pitches wauld be a subset of a reference defined
chromatic sBgFao* ﬁ@cﬁaﬁ%tsf‘%h%ﬁgW&I‘ contain the latent ability to furnish
many none pitches )f4 ggiHoles intbBH@AGS waitiah thetffedafBdttihB itk d abtes 0F Bie tRekve
octave. In this case it is not so nuch the 25 quantity of pitches offered,
but rather €¥Mebushetmedonidgmand byldt’i shtsomdrepinrddadhg staftingneyErlinesidos €al e
conponent s - ' ' ' t he di stinguishing
features of h%ﬁgﬁ%?@gﬁrdgﬁgﬁé%gés%&Eglg’hawgrtgﬁﬁ 8&91 mat e end product of a
tuni ng system i s2hhemgth®idds int®ahded bnyhichtedrapesfteating two diffdrantmgtds o€

bi cameral tritone pair syste et her_ sounded with 30 prior art free pitch

i stt ruments _ﬁt?rt_WFWGé‘fé“ b ﬁl)fgft%gpﬂ ?g\rgﬁlé‘ Whllehesiéh _,ané _éﬂW’_%‘e@l Hﬂ@regqul‘é“?c’éer\‘éré]f n of
contal na bpOsifion b BN TR s e Bl Kokt Shurdbmitapk 8robS080) 206

PCT/ US00/ 01259 3E&x&aly thisroposaps woll be fisther égteidd fonuetndnly guitdrf,ibuednyredi unt
includes, but is . not limted to, the fol|ow ng (qr equivalents): conpact
i sc(OD), EISORRE TISUEITeAL G ob B IEPPRiTGieD aF et P PR ISHaG G |
medi a, or tRuld 4w mbiXaforBdintrt tiBYe fisQhirehe thrk® ndAulafibh @Foups st r unent
or device that is capable of capturing sound, either 5 currently known or

devel oped i discrsed, whietewotldiiscreare élmt ussfildso af thenostrupeent anthicdield seade grow's

e e Dot TR G 5 Shp BBy tage o0 1
adapt at i ons n@fdutafiend MR PekPANER! | owi ng the general principles as

Lo
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described and including such departures that cone within comon practice
for this art 10 and fall within the bounds of the clains appended herein.
SUBSTI TUTRy §lobialseé RULE 26) WO 001 42596 37 | claim 1. |In pepbksiiaedn, A
a stepped-pitch nusical instrunent; PCT/US00/01259 B) a plurality of sound
sel ection devices controlling a m ni num2df twelve el enents, said devices
subj ect to operator selection, said elenents sufficient to provide a

defi ned chromat iThegsikheoléctiphtofifigs 1 han2shiones)gnd veeduneblpiforcise Sondianipde asC)

wave propagating neans responsive to activation of .said el enents, said wave
propagat i ngh"’n@é@a@rf_ﬂb? sw@ar@ﬁ&osm-cﬁ?%ﬂu@fe HPI‘EP‘GVE@@%’E‘ aﬂ?l_%‘?"?"ﬁg{l _
frequency cQgg ﬁé%%&’de?g(fjb@ctéﬁhﬁéﬁ%% g&foﬁOdﬁie,%@ﬂo&a‘fﬁ'iﬁs‘fﬁuﬁ%m Wekgs: D) said

devi ces further arranged suc at sail efined chromatic scale contains
bot h a fi r Huitarscaa osbomndide eoerasy pitolgesdefeatie shifting fisasystem getsh t hat sai d

first tone-string contai.ns the tonic pitch of. saj.d defined chromatic scale,
and such? t RAOSEOBes db GHo PEHRBAS IR, ST fETs 176 ot6h lReBPRBRC of sai d
defined chrpORlbhe BEM 84 (oHRSIEAS BREAWhY Befs R tabibRNE jahd thd ddndass b t ch of
said defined chromatic scale are together ternmed the tonic pair; E) said

devi ces f urthhastramenmnfetcveuid ipossitdy bt beendl, ahé woald gbwdhesirebomdotithof sai d
first and second tr%gqe-stri ngs are not shared in conmmon and such that both
of said fir¢f®53Hg "gHi" €econd tone-strings each have a precise nini num of

four simlar integhyahdedsdThhPParickiar @hirgadysteRais hisGbjleativeiffan@pehdintse endi ng
succession, where simlar is defined as i1dentical within a specified
t ol er ant®, thmprederenged o giedistaned Thel deameral theing sysem pyayides splugplidaefer t han

LS et e R R IR Reh LSl AHERLAGL A R e P g @

second tone-str im'sTx rung I nterval's’ separating

tritone pai70g cethftieyidtahe Waled @ @hpravetsbethad prabigmioftl 2kl i s the sane
rung interval wthin said specifi edptol erance for a_basic mninumof five
of said six tritloseupents Buility ragk @ clretiaie scargrhupheonfpguredigesguad bisamerat an

actual mni tmﬁﬁg, cien]ia%'a a?xfo %thclg t}a\ffeld\{g uH&érgtgnéﬁl%thgﬁén 2dd ?rgkgvgﬁ)fntm

chromatic scal & are 1so rplt c wmthin sard specitied tolerance relative to
ei ther ©f siksnedsdatzhébheadktraaifdrttfond plapaito hwiaexira toees pes oomed (myotdan zer o

degree stat.ion r. sai hromati c scal e nd where the r i.ni ng five

tritone pai ’Pg‘ahj)ﬁ 1P W&“&dﬁﬁ&‘@&é‘&“ﬁoﬁ?’&u%‘?&} > A ARy EQFBW%“%EL% 4odul ati ng

pairs; H) %&&nﬂfb’ﬁi@%ﬁrﬂﬁﬁ&‘@ﬂly%d@@ganﬁiéﬁmrM‘@It_cﬂe@.e values of a majority

of the semtone intervals of said defined chromatic scal e do not e_ciual or
1

do not approxi malke wstrumentafrpmgbé seriqusifamiiss ef wistromsnts égbe describal wilkent
sem tone | n;;[rg\rll\églthe correct pitches when the player follows generalized modulation rules, either
20 transforming a chromatic group of pitches mto an enharmonic group on demand, or
automatically providing the full scale in the case of multitone instruments such as

keyboards.

Keyboards
25
The common Cristofori keyboard has 12 fingerkeys per octave. As with other
traditional chromatic instruments, it can be encumbered with a footswitch affair to
enable all of the three basic modulation groups during play. However, it makes more
sense to jettison the Cristofori concept and to employ a keyboard that is designed to
30 simultaneously offer all the enharmonic notes that are required for a specified
embodiment. This eliminates the need for modulation switching mechanisms entirely.

An enharmonic multitone keyboard (with more than 12 pitches per octave present) is
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SUBSTTTUTE SHEET ( RULE 26) WD 00/ 42596 38 2. The nusical instrument in
claim 1, PCT/US00/01259 A) said devices further arranged such that said
precise myhghRseé simlar intervals is five, and such thatptPgssawibgr of
said particular pitches in ascending succession is six; B) said devices
further arranged such that said basic m2di nrumof said six tritone pairs is
six; C) said devices further arranged such that said actual m ni num of

pi t ch st at idesisabdé bemuse ofthe nel-fotnddimags, endsicaibeliyip hesdle myusicabivinghi sm i s
twel ve. 3. The nusi.cal strument in claim?2, A) said devices further

[

arr anged s&é’ﬁtcfnﬁéﬁf‘thﬂﬁge\}gﬁh Bnes i e PPYEsinilar intervals linking six of
sai d particul ar plegRRIGybSard 0Pk MPEANGAR finbékBys MAVAEGecBmtidnded td s 702
cents, within said speci ?i ed tol erance; B) said devices further arranged
such that tdperoxahaielyotwoseentimeters by fouacentiumriers steppedadt & leigho@badions, within a
rough tolerance of . no greater than | 3.5 cents. 4. The ical, instrunment in
claim 3,§ A)Cegtéfnﬁteagstiwc?ggﬁfetﬂet“f‘ie neg ?’Sﬁ?gaéﬁoéﬁﬁiwoﬁ(ﬁﬁpag%{%%‘%@dﬁtefa | erance is
ei ther a valcufe®kolhdiReb¥Redpilchds Bad gredt RrOdBN 18P GEMBIBIn the kaybcakdle on
or between 0.0 cents through 1.0 cent. 5. The nusical instrument in claim
2, A with agachiewdayitwarrdecsuiaey: thapnvithethe Esistoder Keygawrtace, asche laplling finite
m ni mum of har, i.c.el.epents such that said defined chromatic scale
is further Sﬁ“‘é@%%%ﬁ%‘r‘lc@%@ﬂi%ﬁg%rai d specified tolerance relative to either

pi tch of one parkifieed edluad bf lefys s@utll fliowea MMsdvah bogvPrings. afthedinkigaf i ned
chromatic scal e, and such that said two_enharnonic el enents produce on

command!§ wd'arbvdrighpisivider die reamBadntQies) 8re enpBelbia glovalhres ikdmePass s aj d
defined chrppat e sﬁsghemaw?ééﬁe,ﬁaue&i hbidh @frrgigé o&%rggn&ﬁeﬂ% tﬁwgeﬁtk ous
ef1med cnr e; B) sald a se

pitches of said omat'ic sca itional soun ection
devi ces furTdercatanrtangesuppoaisytthatto kbep splegérfandrak) briailkusideadtuiedkey val

separating sajd for%ie%nun%ig%:eq%?af ro.?egnaij%nglsjt%erf.l uoys %U STTTUTE SHEET

(RULE 26) surfacescan yers i y oriented with the various critica
locations.
15 Every fingerkey on the playing surface lying adjacent and behind a given

fingerkey sounds a pitch 102 cents higher than the given fingerkey's pitch. And every
fingerkey lying to the right of a given fingerkey sounds a pitch 600 cents higher than
the pitch that the reference fingerkey sounds.

With the key signature group of fig. 2 set for reference to C and F#, the

20  zero degree fingerkeys (-1200, 0, 1200 cents) would sound C, and the sixth degree
fingerkeys (-600, 600, 1800 cents) would sound the tritone F#.

The hand in fig. 3 is shown making a major triad chord with two other scale
pitches, The five notes are the 0, 396, 702, 1098, and 1404. In the key of C, for
example, these are the C, E, G, B, and D notes respectively. The pitches for this are

25 shown circled in fig. 4 using chromatic numbering.

This same chord can be made with this exact same hand formation anywhere on
the keyboard where there are enough keys to allow this particular fingering and it will
still be the same major triad. But to modulate this same chord (previously shown for
the straight major scale) to another tonal center (but in this case) using another modal

30 scale, the hand could finger the five notes as shown in fig. 5. The root has been
arbitrarily placed on the ninth degree tonal center, which in the key of C is an A pitch.

Relative to the ninth degree now being the tonic, the five notes are -306, 102, 396, 804
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WO 00/ 42596 PCT/ US00/ 01259 39 pitches is either a value on or between 19.8
cents through 27.0 cents or is a value on or between 8.0 cents through 19,7

cents. 6. WHeoksss cal instrunment in claim2, A) together Wgdrusoonizse
operator-controlled recursive switching neans; B) said sound selection

devi ces further configured such that op&bator activation of said swtching
nmeans replaces a plurality of superfluous pitches expressed by said m ni num
of 12 el enand $098.t Usiap lbatamerdgalapiph b adding 866 tealhrefithbor (@ajimgothe dhgisch wher e

sai d superf] uous pitches are conponent freguengi f ] ni, mum.one
parti culoar hERew E?F‘)“Céaﬁha lthVélsr?B%’%l"ﬁaﬁF%@S @é"ﬁgsy@f ?i%lqo’&”@gfl%eénnéﬁﬁﬂ%i c
scal &; C) s@edl H@tine 88k aRnEAY ICHEE, GUI naGs n6RY FdsPettRel1yS Wit INAdeed
subsequent actuation of said recursive sw tchl&gegneans by "sai d oper at or

repl aces t héabymonuyreny termgdendi mgjopfevsaihawitlo addegmintht biidke witerimals b i niti al
frequenci es _of,,sai d superfl uou jtches: D). sal un el ection devices
Fur ther Jar el isieR 6 fisy {7 b frFet arof B TEU hef S 0ep Y ac  ng
sai d forei gukeithepte éﬂomﬁﬂg]&iﬁmeealfsw@@bsdiﬁbﬁeﬁhﬁsmltﬁe BhtdRimatiotphde on or
bet ween 19.8 cents through 27.0 cents or is a value on or between 8.0 cents

t hr ough 19.tymakeths same chipw wilwingthe piraightunaiar cqllgchen olbsheomntie pisghes Toor 6,
A) all saig.s | ion devices further arranged such that said one
parti cul ar q}bea?agpg‘fﬁE‘dlﬁgsf)%\%m%gfﬁefeg%i ng pairs is the individual tritone

pai r cont ai ni ng Oreofahe great pdveseyRfishy steaieebodrt &f thal the btieakshatlediaed
chromatjc scale, said individual tritone pair is the domnant pair; B) all
sai d sotthd 26¥vsdie with H‘@\FP@%O‘F’B?%SW@FM&P%EFQ@H tanie hNp iRattes hed et mamgef

pitches ar i r t| '

Dt chos: oMo e RO BEGHANRRY IRINEE HROR (b SLBRIL BB,

sai d defi nesbdutet@nabdnic tsbaldea scald sratorddroandai A playesthathaspeahéhizd thol er ance
relative tog eit hergﬂgi tch of said dom nant

chromatic 2%79°R8GMEe28P4s opA Cﬁf‘te%SdDrWE?efiggg’reé%%%ﬁ? gh’s’iag’ég{]“g?t gggﬁ%[eed
musi cal i ngyhfaliFENbyddhsdhsOhLoftatohdl BB chof fabhili RYBRH thelHaissHEET (RULE 26)
15 fingerings.

For a keyboard, because it ideally supplies all the pitches necessary for a given
tune all at once, any footshifting would be introduced with a simple pedal arrangement
designed to retune the range of the instrument beyond the initial default values. The
footpedal or switching means should have the power to uniformly shift the required

20 tritone pair values with transparency. This means that when a finger key is depressed
and sounding (prior to a footswitching action being triggered), if the particular tone
sounded by that particular finger-key is commanded for a frequency change, this
change will not be implemented until the finger-key is released and then depressed

again. This prevents a chopping off of note values if a player is premature with a

25 footshifting operation while retuning the instrument while playing.
Fretted String Instruments
The fretted string instruments are a group including such diverse members as

30 guitars, bass guitars, banjos, mandolins, sitars, etc. The common feature is the use of

strings that generate variable tones when the string is shortened or lengthened while
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WD 00/ 42596 PCT/ US00/ 01259 40 A) all said sound sel ection devices further
arranged such that said one particular pair of said five nodulating pairs

is the uni‘?Be(\m%f@hone pair containing the chromatic fifth dpgtgeRedgib& val
of said defined ¢ '

romatic scale, said unique tritone pair is the

subdomi nant pair; B) all said sound sel e¥tion devices further arranged such
that said foreign pitches are a | ower frequency flatter relative to said
super f | uousbging pressed agpinatld segizs df soaty metdibe frietsnandiethe steimgfisiexdied oar r anged
such t hat sa]: d defined chromatic scale is isonorphic within said specified
tol erance rBlU¥5%e to either pitch of said subdomnant pair serving as the
nodul at ed chr omaly gerngfd] AhERAREAINKNA hAB tIRS fr&dbgte@idl d2ests ey wraRdth of heal e. 9.
The nusical instrument in claim6, A said instrunment belongs to the class

of fretted seakiafghe mstrumenirie sllowiies wibie long-fist todradlesdihel singy pasaing over
| nstrumegts,a %enc%'%%?”é ?r;q%%* %%g?{%@%g&en%%iqlB{%{:@?Jﬂ@?&@% tgtarlbﬂg-ﬁ%ﬂyrﬁg of

pressed agal nst oné o

oper at or - coarrirlehRdt, tI66 5 thé ¥Emfdh ipedtitiog ARaMIrualent Sqred placedfto €6llga acement
controlling neans, whereby the primary activation by said operator of said
speci fic frpatigtlacesnsavaldbnng By hpvige sediisct spbdiidgd 4118 sixpesiigns iemedpote-
pi tches avatl.ab t g fre tr | L4 h:sal ar.elgn
pi t ches, sarrgéééaghggé%agé)gg&{ﬁ éer‘][toggh E)y]{%nﬂ% dsnlwnﬁétgﬁg%uy% @bﬁ@%‘gf'ﬁg&g t he
particul ar hagérdndellscearabdf loge-faisd superfl uous pitches in favor of the
el evatign on command of different enhar m%gi c note-frets epabli nsgé’s_ai d

ry ligkt ed

forei gnlfi tches dfKHBRA BFEMESCRRBXEFICRRAT N6 CAMTAIS b ERBEEH al e
string. 10. c%&aﬂyﬁb&%et'aﬁ%g%@to %lﬁ%ﬂleathmn@ gaﬁ)ﬁ S M WidlhY gﬁ?ﬁgmbe' ongs

to the class of colum of alTf i1nstr nts, whereby said colum of air

i nst r unent smepusdald e bigaatmt typirgs Hegnitiet eotedfrsesktiyy istshewhemdigh 6odr 7a A'ct i on
of tubing, gﬁii d | ength seg@g,ati n% as ﬁce1 of for.ceg ai.r and a 'rgel se
openi ng by H'PrIUF fiI5a yPLY e UBFSEULIPBH AT VENE S IFRE TS ve

SWi t chi ng NeaNA#AE Goli&Y efiedCivd/BhaiteARRCE e thMBgrdgngt h control ling neans,
whereby the activation by said operator of said specific tube-length

control I18ng nean#f dhthn gresvidaildosufiers forubegotps C¢hnd Cotitheasignudehennsly
SUBSTI TUTE %%%ggr nRUL Elggegii)ia 2 s}é\%og%{od' e? gt%ng(%rggaj%g%?%&gg?é}th?{ t(})lgl‘ln%w note-

i nstrument Mt6°58i°d°H es as’'s iva epositions
sai d rel eas@renpetndgtdne 1a. Téchfsashaiper e serinhatpitdhet,anarethk nms@sntwsiour ce of

forced air. now allow the player to correctly sound the 12 pitches of the straight major scale on F
and B. These two tonal centers are the dominant group. The resulting note-fret layout
20  for this modulation is shown in fig. 8.

Returning to the neutral conditions of fig. 7, if all the individual note-frets for
the notes F# and C either simultaneously move or are replaced in a flat (longer string
length) direction, such that the new note-frets sound a tone 11.7 cents flatter than the
initial pitches, then the instrument will now allow the player to correctly sound the 12

25 pitches of the straight major scale on D# and A. These two tonal centers are the
subdominant group. The resulting note-fret layout for this modulation is shown in fig.
9.

A three switch selection array (such as foot-pedals) can be placed within the

motor control of the player to instigate and retract these operations. A pedal
30 mechanism to do this is shown above T37 of fig. 13. A modulation to the subdominant

group from the dominant group moves the two subdominant note-frets in a flat

direction simultaneously with the dominant's two related note-frets returning (also with
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11. The musical instrunent in claim®6, A said instrunent belongs to the
class of columm of air instrunents, whereby said colum of air instrunents
sound desigpahBskopi t ches determi ned by the | ength of a sect pgfQbodi1e&y NY.
said length separating a source of forced air and a single rel ease opening
by a prescribed distance; B) said operatdf controlled recursive swtching
nmeans are val ve-activated specific tube-length controlling neans, whereby
t he acti vat adlatting sstibn) fenixt foreigi pedfich ®pecicfviersatwhza-rh@ngg to thent rol | i ng
means changgs saic{ superfluous pitches of said columm of air instrunment
into said fBP8MAYpitches by altering the distance of travel within said

section of tubi nghtmafinah df §QWiteifestcin B8 kchtDpBAt, h&leaREa &S%uﬂ&eéy a

1€
prescribed distance. 12. The nusical instrunment in claima1ll, t oget her
wi th a nini fingsrebf fleyrluakingskyind tappeng 4 switchudsserthlydhdienadrio thd palmepr ifeghdy

i ndi vi dual 'y, i ntr.oducing.four.jnsert tubes, the | argest f.hree.of said four
nsert t dbedheadhtAne Bel viridet b et SRt antrolof PRreliY e cbr con vi dual
sel ection bytselPeancsd $ dirBitiod@o ¢ 80EISpusABA DY c 3Rt Giedthidn Ad distetc MR pamdl d
specified tolerance; B) with the fourth of said specific tube-length

control | i ngtrifedfivitshasietur ed to | ower the combinational sounding tone of

o ST g L) i D SR DR

said 102 cent tube and sai sald gt

means furthef the@ptiagii G guctheitbtuntai theloaywilattsco pliyrafet@ndy wiBlungiheg t one
is wthin said prescribed tolerance. 13. The nusical instrunment in claim
12, A} tl@gefhourthy adiagentirHpranallo Morasitena pairstod pate Eeig mstmmewtile. nBhiseans

i ndi vi dual | y_ i i t ' ' :

cont 1 ol 11 ng e Pl AR bR o it 1RRERY Blo P HBE ic 3 e
frequency whesitions itlosthitetat i on wi t h ot her of said specific tube-length
controlling neans;, SUBSTTrUTE SHEET (RULE _26) WO 00/ 42596 42 .

PCT/ US00101259 BpMeRdng gyiter mywst idgally RiQyidg 26 (bnss c¥agtinthe sageatPrsigorfeans

configured Bé’ceké%‘f‘f"?ortakﬁl]rs@zﬁyL:xtn})@\gerreg’ QEI;ML bifovA] inSBL PrdfPdd SRBSHimbY 2D

addi tional 20.7 cents when activate
. 15 fig. 10. A complete guitar neck is depicted (not to scale) from the nut up to the 12th

note-fret position. A bass guitar of common configuration would only use the lower
pitched four strings.
All the notes, via the note-frets, must have the capabilities to be either sharped
or to be flatted from the tonic position. With these capabilities, the full complement of
20 24 notes are available, but not all at once. This particular instrument will have the most
modulating flexibility in the key signature E and A#. In the same fashion, a guitar
could have the fret-boxes of fig. 12 positioned in the neck in such a way to empower
the optimum tonal centers to be another tritone pair, as for example C and F#.
A guitarist deciding on a key signature can with one tap send a selection code
25 into an on-board processor to initially set up the frets for any tritone pair whose full
scale needs fall within the compass of the instrument. When the guitar is set up for a
particular pair as the key signature source, the player chords and scales the instrument
as with 12 tone. A one stroke tap of the pedals is all that is necessary to instigate
modulation changes.
30 The pedals signal the processor to move the correct enharmonic pitches in and
out of play as directed by the player. Many times a guitarist may access a component

tonal center of either group and have no need at all to move the two associated note-

SUBSTITUTE SHEET (RULE 26)



said operator together with said 102 cent insert tube and said 396 cent
insert tube; C) the second of said extra tube-length controlling neans

confi gur edybQokster the deeper resulting tone val ue of sai dpepekhoiieeyt by
an additional 39.8 cents when activated by said operator together with said

204 cent insert tube and said 396 cent i3sert tube; D) said tube-length
controlling neans further configured such that said resulting tone val ue
and sai d defipterfor fosaign pitches oviovired the nateefrdio woulglai dotiee anythingiim these chses,
prescri bed Eol erein%e. | 4. In conbination, A) a stepped-pitch nusical

i nst rument ; O WoRId PE MastedSions ound sel ecti on devices control ling a m ni mum

of sixteen el emeplygiiichal Shillh\isiPoiibd cohfikuied (ORRIAL B pHELSRrhOBhabRothe

el ements sufficient to provide a defined ChromatiC scal'e of pitches

cont ai ni ng tonel ceatays farispetiaized nwdulgjionavié\ lisrmpely &avo n§thegduwrslityedpwitshve t o
activation of, said.el egnents,, sa d_wave praopagatin ans _enabling the
product i on_ BHBGHREE IR i PR {SBRES RS r R Ry » peMemegt
sel ection otwidi ebusebe8édehtetE T Sertddh téiRl eeri@Y freatplhyinf RRkighf hajaged such
that said defined chromatic scale contains both a first and a second

t one- st r i ngnoft phwi adiglsrantmedelesalesarcca Yrata. sanathariflip tvoulhissiora thag cont ai ns
the tonic pjteh of bsa%lc ﬂoe 9\%];0: 89 ge%;?gﬁ&gﬁle&cﬁ%ﬁgli@‘t% dzaligasreg ﬁﬁt {ns d_second

tone-stri ng contal ns one pl sal erl ne cal e,

wher eas sai gequp@inoroitiag4adh&ah@hd fulltseme, 3ithis indéassaind ndafbenetiogfir omat i c
scale are together ternmed the tonic pair; E) said devices further an:anged
such thdf tratgaspsceligdte heid brdyl gralasa dhpassibbaeerambifipusnsihiemsdohave

tone-str i Nag, &l.8aPRbieShAL G 8 SOFERE 5@@%@ Wbk 1RAoMAL BotlivaBlethof &' and

said second tone-strings ea have a m ni num of “Seven Sim

i nterval s | imkiangl eipghititiof. Genedtrjcking featuass apirtgahess lines emcEnliiked ts thecessi on,
where simlar is defined as.identical within a specified tolerance, where
sai d speci f PRGESEN &2 AR cpréain Ieb3ptuns o seecirdgfcy Apadulationg tql_agswétﬂteg;mtp) sai d
devi ces furphen: alefARARGtisCh that said first and said second tone-strings
together contain eight rung intervals separating eight tritone pairs,

wher eby 16he val ugheho@UBSTthtwFevSHER be(cRUE®E V2B) contrdiledby 42496 43

R N ATCTE TN ATIN N S TN A
Fnterval w piicesssal dhsPRehltiafdwltnt e4rns eixf teifon@ bhirglbtéS fttd to move in unison
when individual pairs must be changed.
A method that see-saws the various note-frets back and forth is shown
20 in figs. 13 and 14. It should be noted that as the neck is traversed towards the
strumming hand, the distance between the tandem note-frets shortens, as well as the
distance between the fret-boxes holding each tandem pair. Therefore, each apparatus
will need graduating to allow for this. Methods can be employed other than the see-
saw action of the design depicted.
25 Magnetic fields under processor control are used to collectively alter the note-
fret locations. By switching on an electric field via a relay through a coil of wire in a
certain direction to generate for example a south polarity, a magnetized mule with a
permanent north orientation on one end can be drawn to the coil. The mule is attached
to the pulley lines, and it see-saws all the connected note-frets via a shuttle effect. A
30 catch locks the mule into the new position and turns off the relay.
Whenever the processor opens a double-pole relay together with the off/on

relay, a different polarity (in this case north) is expressed by the coil. The north
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eight tritone pairs; G said devices further arranged such that an actual
m ni mum of twelve of said twelve pitch stations of said defined chromatic

scale are ic wthin said specified tolerance rel ati 9Si X
4 BRe e

conponent chés of three of said tritone pairs when any nenber o

three tritone pairs is used as the initpal zero degree station for said
chromatic scale, where said three tritone pairs are identified as said

toni c pair potdfigy csilitiracts apattion ¢k lobk peavivis!yi ingating diemule) whizhd devi ces
further arranged such_ that the values of a rralj ority of the sem tone

i nterval s @fseBgaggs Heflhgayrthispd phtheanagnsiizeddpulg oy thep thipsthackyawpptrom the

appr oxi mat e; Wi t.hi I e ¥ 1 ifterval .
15 The musiifrHoRuindeleft BECAChe Bidr ERTF@ i 8 R en§ PRALRSUA, 7\
bel ongs t o poheitg b dedwopethe ther ngeltlexpredsingroeilt Shemaile isththbsthpusiiedze t he
fingerkeys of a _keyboard as said sound sel ection devices, whereby said open
stri nged”yi R8¢ Piletht s sound said el ements by the activation by sai d operat or
of a plurality i i d iqf I ; ; i i.t ches of
sai d defined ch?glr?asrﬁlg Céﬂétg(? gééﬁgg{%s%%g&éfdlﬁ gzﬁlglel%/ks}q ggqégﬁfi@%g&gggfﬁearranged
in a mni mgutat Ths peventestsgy @gredc dickiburn swéréaringonithitheiacawity of t her

configured such that said fi rkey specjfjc .pitches ingcreas | on

hori zont al anWzatgl;tr@qsﬁP%%uq%?g}qﬁg%{ng;&?ﬁbeg{rgflggairgp f@ﬁ‘gﬁmc?ﬁ’rogﬁﬂilﬁ% scal e,
and i ncr easnindgRdtRARGH0 A I BRI th Bk TR oPMuERFhh 08 8mpR)yee Ssueh a$ai d def i ned
chromatic scale; D) said class of said open stringed instrunments includes

as a catCegenyusaeh hydwetliceshelizddsolawmisosict he use of virtual open strings

sinmul ated by electronic.nmeans to provi de.el ectronicall enerate
frequencies. B apirisrutbefimed BBt MRIREP S ptaaRP iR otk s a
cat egory suyehh kigtly UBOanipddler MBI Pyd 4diBnUSEIRE canGORPUlIEntd 2P&HIEEE such
as MDI to trigger detached tone producing devices either mreal tine or at

subsequent beneadls thesgringsgng gheAdmdithebridga)waenld plboyp 8 dblgyier crhansss elick) to
i nstrunent; iﬁ%ﬁ%!ﬁ@é?%&@&é%s%ﬁéver.V\D 00/ 42596 PCT/ US00/ 01259 44 B) a
sel ec evi

plurality cl)lft soun ion ces controlling a m nimum of seven

el ements; sai d dedvaamge satbbetkert of thpphpticul asalgeatenoon theaiedk 58y pairedl enent s
sufficient to. prgvi de a.defi n,edwat Li,ral scal e of pitches; G wav
propagat i nd*BEARE 2 BBERSRONG Bal o Usgifigat | a2 BHCISRse 2 SPRRRSHRISINELAN §e nav e

propagat i nGiiBRRS MW BG AieniR! RAHE Mk uff ﬁx%Pﬁ'glﬂné!‘,’% &% Bbr He3tidnat

frequency corresponding to said selection of said selected devices;
oper at or - cdrething, heditortbe dsifitlee Svidtfodtiineg Breskipping)hedainh fotind, eakiseingon

devi ces further O};i r h tﬂgt .gper at or acgtjvation o% aid swtching
means al t er’d G0 hg ?tgtgﬁggtgjﬁe@mel’ JE&E?I}C@# i% soggl_itﬂe Bt 7t§n‘?’r‘iu}ﬁssﬁum of
seven ei®ENEv#E; thy uddERaH ddtefighi dit conttsllipglE indt £# yathes BhPbe ghriad b detter
foreign to said defined natural scale;
and thus be sharped or flatted in unison.
Guitars with special fretting schemes to achieve certain favored "open" tunings
would also be a practical application. The note-fret arrangement of fig. 10 was
depicted for guitarists who use the standard E, A, D, G, B, E open string tuning. A
25 fretted string instrument providing what is termed a "dropped D" tuning (the lowest E
string is tuned down to a D pitch) would require a different note-fret layout for the
lowest string. As aresult, the initial 2-way fret-box placement for that string would
have to be engineered to the requirements; or if the instrument is to keep its ability to
also to have the low string tuned to E, a pair of note-frets along that string would have

30 to be given three-way capabilities. Other similar nontraditional arrangements of the

open strings would require dedicated modifications.
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F). said sound sel ection devices further configured such that subsequent
actuation of said recursive switching neans by said operator exchanges the
expressed (6 e6uapsy of said foreign pitch once again in favgeiraficidisse
initial frequency of said superfluous pitch; G said sound selection

devi ces further arranged such that the 3pecific shift nusical interval
separating said foreign pitch fromsaid superfluous pitch is either a val ue
on or between 19.8 cents through 2Vingd Instruments i s a val ue on or between 8.0
cents through 19.7 cents. H) said sound sel ection devices further arranged
such that all frequencies of said seven nenber defined natural scale are
identical fr equqagklﬂeialt, SorfifhéBieBd IRIDREA Phoducs ShaIda ks a reharFaFdeagf i ned
chromatic scale of frequencies containing twelve pitch stations, such that
sai d seven biewber foreeti inecind dhrgngh asenslased segzors ubsERpleWind HsERMERigsusdNCi es
of said defin chr.omati G. scal e, |)..Sai evi. f r ugh that
sai d defﬁfingaa?]%% nzi?a’ssépaqqlggflgu gsrrr%)frhpoﬁ(?sghgg“ﬁgg ﬁh{rhﬁé&?ﬁn&ﬁg[ ﬁg%gg\?egse egree
station angrddess) e frosil XErdugieBsiecarstedhérally plovididdo gedyl adechr omat i ¢
scale of |2 frequencies; J) said defined chromatic scale containing both a
first and anaebesserle shidussieshiony of said sound waves such that said first
tone-string cont3j - oJa)l | .S 3l fi - i l e, and
such that Sai d Saranaty ertisg froRlEinill AEHRE Y DF B RARR B8 §

defi ned chrfmget itclesiealetimehty @isctdalyd(allanbiceh shiap (anthtpehiededuitei@pespi t ch of
said defined chromatjc scale are together terned the tonic pair, and such
that thd pdRthiewesa fpild e mesanber clrgrilipscadais®eyided and second tone-strings

are not shared |0 GAMIRI, BB o BSTHINIE, SHEET | BULE RBL: neli 00 42596
PCT/ US00/ 01259 4551t?rﬁat ot o%% sg?@ FIgJI‘ st angs{?alg% secgﬁél%t’grrlg?strllgngs each
have a predbgeteps off Nuhtoits)fanvestsinent providiges bizhmetal sdalargllsEsx thoée sai d
particular pitches in ascen idggusuccessi on, .where si.mlar is defined as

I

|
i dent i cal \a%ffﬁmar&eéamwg s0R RO ve gy AR Eg Py RIGRES WPYHR fWer ance i s a

cent val ue Mu@&t&ﬁﬁﬁ% siAB elnbodinf@Rlafion®ithS@dht, HbmilanA e seRicthiggtond
tone-strings together containing six rung intervals separating six tritone

pairs, Whemedsnldtioa graupse Aofy tanpand ofahé three kaygd lavewsrhed|beas prevamislygdadsdt ween
the two pai.red pitches.of any.one of said, six tritone pairs is t samne
Fung | nt or VAR Pehi it SRbRnR afbedf gl Mobdh B Ll sRub0R T one
pairs; L) gaikddtve! psitint Clhesd RitbARSc@hdLRAD [BIsOvoM1E Bbivesdntly gigeci fi ed
tolerance relative to either of said pitches of said tonic pair when either
i s used as seHemembersaieqyising agbidt odhe enharmepie ¥plugai d chromatic scale; M
sai d defined chr £ - ' {1Qr.l f. LN i.tone
interval s of saisgﬁ%e}*a?rﬁléﬁl%!éﬁ?p\g&ﬁéﬁ%mg 'ﬁﬁ‘gfp? {1%%“%1l%ogfé%qogasf)é%?edé%%%t

appr oxi 2fat evitwiatitng m am didflosv afupecifibd Giréctivend smpld MOthod ventld bava 4 damepenniger val .

17. The nusigal .inpstr, t in any one of c¢lajns 6 .or 1 A) .sai.d jnstrunent
bei ongs. + o Tofalecp RS SHFE pess R et recitalEbgn ermant b Medoitnksh by

sai d reed ity LHEBNhe M6 WIRIEEMINREe M affbHe ARR! AldOthey Motild e @n&d WRRM Of
air along the general two di nensional plane containing one of a plurality

of cont ai ned ltlIhi ¢ent didtesence aupitalg s id sbown & elest-whimiig. dédOnce agiibrthee and

generate said.pitches: B), said operator-controlled recursive swtching
means are. Spui oyl B Rs IR FAGRRHER LR Plehii e s hisg | o
i ncapab?® Gotesl Mhaldivigion Bf GRintbduldtipamdmi cérRérs aflo iree WARAS ivndAystcal
contact with said specific reed-danpi ng neans; ,
initial concept to master, and these relationships are soon memorized.
Column of air wind instruments, such as the flute and piccolo group that use
fingers as stops, produce their tones as a result of escape holes (termed tone holes) that
allow the air to rush out of the instrument at the shortest open hole nearest the

30 mouthpiece. These tone holes are calibrated to allow certain pitches of a certain scale

to sound at stepped locations, which can be manufactured as bicameral scale positions
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C). whereby the activation by said operator of said specific reed-danping
nmeans replaces at m ni mum one of said superfluous pitches intrinsic to said
reed instrypRiglEth at mnimmone of said foreign pitchespipiidifibé t O
said reed Instrunent by altering the physical position of tﬁe cont act
surface of individual danpers, such that3la desi gnated danper is noved from
contact with one chosen thin reed engineered to produce said foreign pitch
by an oper abohe @cetntoreddiatTheactavprangess Bmitdd dfdwileyraae edppralngobaly mithi nredi at e
physi cal copntact wi th another chosen thin reed engineered to produce said
super f | uous™%h, or vice versa. 18. The nusical instrument in any one of

claims |, 14, orrd&ehistditd bitbthEraPralelod RbkdeotlicatcWoRPiifteOABdesigns that
PCT/ US00/ 01259 46 A) said devices further arranged such that said specified

t ol erance iemppy mechanicallceppedrstaps, theinstrument Gindene thetdwflowmoning akomgt s or i s

a value on or between 0.0 cents through 0.5 cents 9. The nusi.c

i nstrument ]loﬂgﬁérﬁ\}\gﬁ%erélﬁg‘@fag? &%aqg?mf@?latgrd@%rzenwo%l%tl%]aﬁeHUIg%ﬂms‘itfeecti on
devi ces f urgdel haldinge toredelt diidas tostBé tbqaites pbditorstihder kBysdverdd dohirel VRI s
either 11.7 cents within said specified tolerance, or is 23.4 cents within

sai d speci fdiesiveniege wribet.theofngerhmupiseeP 4 shighfly gdfprent focdlign one of cl ai s
2, 14, 1 A to h iLth.i i Lal i
or b%r%%?ﬁag\%gtto ﬁ'{e r\rll\"ove rt](% Iﬂgﬁ pqgqur?@ltxolral ié%%%&%ﬁ'ﬁ .V%en{rﬁg%e;‘i%oﬁ )

wher eby sai ves sequ gener at i'n one segmne 'me in

response t ovdriiars@qus hitered dsvhiivn tHoRtd 0t bsainexpepedad diesplofers Thid is steiwnunment
are sequentially captured on said fixed nmediumfor subsequent regeneration
in anot h@r 9&gseRgrakizedicopmnn ohair isisunerds figo£0., Batons Aglenhie for theaRPr i si ng
the steps of; i RHE Iy el yth a mnusi cal

per for nance%engﬁ%}u%fsrhﬁée%%w&?ﬁg t g“?%\l??ﬁ vaavegdela(;n ‘fixed nedium wherein a
maj ority of the ancther fidvesingfméthed imshowalin igrIorTneethoidhrsed warions t une wi t h

particular pitch stations of a bicaneral scale, erein the two, conponent
scal es of trﬁevaﬂl%m&%rfcmmaﬂfm(@fltbtaihf)?ez@ tge ?%ﬁ ﬁ@tgw S art digfencs a}%&ggﬁe

interval tondefo 'Bgnélhﬁtérg\%QEé fnité%ﬁ)rQgsﬁi&?(dﬂm&@h%@Bf%@Ster(lje_zt?ole Spdniinggd medi um

for carrying a nusical performance, wherein the fixed mediumis encoded by
t he step§ ofhisAffegorbr wtiney theousntianedersnmgdo @ipatckd 1 wi aehtsgurtheri(datting)

R M A
with parti cipbimpnitt ¢duch batbdxopBort) Matteqdires Akedioadtivpn ofes ®InB hbiks, Wiith
component Si%%lu(ea?o ?hfe ntcre]éa fo?'ib%ﬁcr;ecrh%mz?t?ca%gchggiislnisZ(git}iier than fingers) to cap (stop)

the tone holes. Interior masks are also less subject to wear.

20 Horns are another type of wind instrument. A specified tube length is
lengthened by the introduction of one or more loops of tubing to drop the sounding
pitch by a specific interval distance. As a few examples, tubas, trumpets, and French
horns typically work with various valves to produce differing pitches from a sounding
tone. With an equal temperament horn, the minimum three valves used to drop the

25 pitch by a semitone, a tone, and a tone and a half are usually tuned to provide the exact
required values. For instance, a tone and a half subtracted from a standing octave
harmonic of the tonic would yield the diatonic major sixth directly below the sounding
tone. The use of a dedicated valve is done to accommodate acoustical law, since the
small combination of the first and second valves does not provide enough overall

30 length to yield the correct desired 300 cent tone and a half.

However, with a bicameral scale the semi-tone value is set to 102 cents and the

tone value set to 204 cents. In combination they drop the tone and a half to 294 cents,
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l'inking interval and a rung interval to define the identities of the pitch
stations. SUBSTI TUTE SHEET (RULE 26)
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10t L3=10% &efort dnd is hBPMcdrhmended, but it can indeed be done. A see-saw action closing
one hole while opening another would be a feasible alternative to sliding a segment.

The shifting itself, as detailed for the horns, would introduce and remove the

15 various enharmonic foreign notes in the desired fashion with a small inconvenience.
Once again, the musician must observe the individual requirements of the tonic,
dominant, and subdominant groups.

As another alternative of a different nature, some instruments could be
predesigned as a multitone instrument, with adjacent enharmonic stops to allow an

20 extra four enharmonic pitches per octave to be always available. These additional stops
would require new fingering techniques where one finger might close two stops. For
high pitches, the fingers must be able to select between enharmonic notes very close
together on the barrel. A wind instrument configured in this manner would be a variety
only useful in a limited number of key signatures, since the length of the column of air

25 itself could set the spacing too far for comfort between certain enharmonic toneholes.
However, it would put aside the need for shifting pitch values.

The multitone keyboard as described (but with linking intervals of 700 cents) is
suitable to produce the prior art 12 tone; and with linking intervals of 705.9 cents is
suitable for 34 tone equal temperament. Many other tunings will be possible to

30 advantage on this instrument. Although a linear coordination of the keys is

recommended (with the columns of keys lined up with perfect vertical alignment as
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tonic is also lowered. Relative to just intonation, this can be considered an auditory

10 improvement. But this will cause a counter sharping of the major third as measured
from the tritone's perspective, which is not an auditory plus.

The opposite happens if the 600 cent rung value is increased relattve to the
tonic; the straight major third will improve (flatten) for the tritone used as a tonic, but
worsen (sharp) relative to the tonic.

15 The loss of a 600 cent tritone rung value thus has mixed results; the operator
alters a chosen tone-string's cent values more towards the ideals of just intonation, but
loses the simpler modulation schemes provided when either the tonic or tritone can host
the defined scale with isomorphism.

Another variation is that the defined scale can be non-sesatonic, with the

20 disadvantage that this would increase the number of modal scales beyond six. To
prevent alteration of the chosen scale, a modulation to the chromatic seventh (the
dominant) would still require each of the two tone-string to individually have a foreign
pitch introduced from the other bicameral tone-string. In the same way, an isomorphic
modulation in bicameral fashion from the tonic to the chromatic fifth (the subdominant)

25 would also still require the obligatory shifting of two pitches.

If an instrument has the ability to simultaneously provide seven tritone pairs,
such as an enharmonic keyboard, then this non-sesatonic scale would be less trouble for
modulations than systems for chromatic instruments. This means that a defined scale
would not be chromatic (12 member), but would be enharmonic (in this case 14

30 member) in order to allow isomorphism on both the tonic and tritone.

These initial 14 members of the defined scale would require two additional

values to enable the dominant group and two additional values to enable the
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Various instruments known as free pitch instruments have the ability in theory
10 to sound all pitches lying between the limits of a particular interval. A good example is
a violin. These prior art free pitch instruments are not a primary concern of this paper
if they are not specifically and physically modified to assist a player to perform a valid
scale of bicameral intonation. This modification would then classify them as stepped
pitch musical instruments. Instruments that provide their pitches in quantized steps,
15 and are produced with the ability to play a valid bicameral scale, are termed stepped
pitch instruments and are the primary objects of this invention.

The bicameral tuning system lends itself to numerous adaptations, and therefore
to a variety of instruments to play these adaptations. As described, the 16 member
tonal scale shown as a typical embodiment can be expanded beyond 16 or shortened to

20 less members.

A bicameral harmonica would typically only express a diatonic scale whose
initial seven pitches would be a subset of a reference defined chromatic scale. The
instrument would contain the latent ability to furnish many more pitches from the
reference scale than an initial seven per octave. In this case it is not so much the

25 quantity of pitches offered, but rather the distinctive alteration or replacement of
prescribed scale components to preserve isomorphism that is one of the distinguishing
features of the bicameral process.

Lastly, the ultimate end product of a tuning system is the music itself. Any
music performed utilizing the bicameral tritone pair system, whether sounded with

30 prior art free pitch instruments or those crafted to the invention, falls under the concern
of this paper if it is performed for profit, or if it is broadcast or contained by fixed

medium.
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a defined chromatic scale of pitches containing twelve pitch stations;

C) wave propagating means responsive to activation of said elements, said
wave propagating means enabling the production of sound waves of distinct frequency
corresponding to said selection of said selected devices;

D) said devices further arranged such that said defined chromatic scale
contains both a first and a second tone-string of said sound waves, such that said first
tone-string contains the tonic pitch of said defined chromatic scale, and such that said
second tone-string contains the tritone pitch of said defined chromatic scale, whereas
said tonic pitch and said tritone pitch of said defined chromatic scale are together
termed the tonic pair;

E) said devices further arranged such that the particular pitches of each of said
first and second tone-strings are not shared in common and such that both of said first
and said second tone-strings each have a precise minimum of four similar intervals
linking five of said particular pitches in ascending succession, where similar is defined
as identical within a specified tolerance, where said specified tolerance is a cent value
no greater than 1.5 cents;

F) said devices further arranged such that said first and said second tone-strings
together contain six rung intervals separating six tritone pairs, whereby the value of a
particular rung interval is the same rung interval within said specified tolerance for a
basic minimum of five of said six tritone pairs;

G) said devices further arranged such that an actual minimum of ten of said
twelve pitch stations of said defined chromatic scale are isomorphic within said
specified tolerance relative to either of said pitches of said tonic pair when either is
used as the zero degree station for said chromatic scale, and where the remaining five
tritone pairs not including said tonic pair are categorized as modulating pairs;

H) said devices further arranged such that the values of a majority of the
semitone intervals of said defined chromatic scale do not equal or do not approximate

within a precise tolerance of 0.5 cents a 100.0 cent semitone interval.
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B) said devices further arranged such that said basic mmimum of said six
tritone pairs is six;
C) said devices further arranged such that said actual minimum of pitch stations

of said defined chromatic scale expressing isomorphism is twelve.

3. The musical instrument in claim 2,

A) said devices further arranged such that the value of said five similar
intervals linking six of said particular elements is a Pythagorean fifth, having a value
that is 702 cents, within said specified tolerance;

B) said devices further arranged such that the value of said particular rung

interval is 600 cents, within a rough tolerance of no greater than 13.5 cents.

4. The musical instrument in claim 3,
A) said devices further arranged such that said rough tolerance is either a value
on or between 1.1 cents through 9.0 cents or is a value on or between 0.0 cents through

1.0 cent.

5. The musical instrument in claim 2,

A) with additional sound selection devices arranged to control a finite
minimum of two enharmonic elements such that said defined chromatic scale is further
isomorphic within said specified tolerance relative to either pitch of one particular pair
of said five modulating pairs of said defined chromatic scale, and such that said two
enharmonic elements produce on command two foreign pitches enharmonic for two
original pitches of said defined chromatic scale, where said two original pitches are
superfluous pitches of said defined chromatic scale;

B) said additional sound selection devices further arranged such that the

specific shift musical interval separating said foreign pitches from said superfluous
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C) said sound selection devices further configured such that subsequent
actuation of said recursive switching means by said operator replaces the expressed
frequencies of said foreign pitches with the initial frequencies of said superfluous
pitches;
D) said sound selection devices further arranged such that the specific shift
musical interval separating said foreign pitches from said superfluous pitches is either a

value on or between 19.8 cents through 27.0 cents or 1s a value on or between 8.0 cents

through 19.7 cents.

7. The musical instrument in any one of claims 5 or 6,

A) all said sound selection devices further arranged such that said one
particular pair of said five modulating pairs is the individual tritone pair containing the
chromatic seventh degree interval of said defined chromatic scale, said individual
tritone pair is the dominant pair;

B) all said sound selection devices further arranged such that said foreign
pitches are a higher frequency sharper relative to said superfluous pitches;

C) all said sound selection devices further arranged such that said defined
chromatic scale is isomorphic within said specified tolerance relative to either pitch of
said dominant pair serving as the modulated chromatic zero degree station of said

defined chromatic scale.

8. The musical instrument in any one of claims 5 or 6,
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chromatlc scale is isomorphic within said specified tolerance relative to either pitch of
said subdominant pair serving as the modulated chromatic zero degree station of said

defined chromatic scale.

9. The musical instrument in claim 6,

A) said instrument belongs to the class of fretted string instruments, whereby
the pitches sounded by said instruments are determined by a minimum of one selected
string being pressed against one of a plurality of note-frets;

B) said operator-controlled recursive switching means are specific fret-
placement controlling means, whereby the primary activation by said operator of said
specific fret-placement controlling means exchanges said superfluous pitches available
to said fretted string instrument with said foreign pitches, said exchange expediated by
the simultaneous submerging of the particular note-frets enabling said superfluous
pitches in favor of the elevation on command of different enharmonic note-frets
enabling said foreign pitches at different prescribed locations beneath said selected

string.

10. The musical instrument in claim 6,

A) said instrument belongs to the class of column of air instruments, whereby
said column of air instruments sound designated pitches determined by the length of a
section of tubing, said length separating a source of forced air and a release opening by
a prescribed distance;

B) said operator controlled recursive switching means are lever-activated
specific tube-length controlling means, whereby the activation by said operator of said

specific tube-length controlling means changes said superfluous pitches of said column

SUBSTITUTE SHEET (RULE 26)

10 STR9PTITER PRiTos (#100y & () - % ##10%<<& () - WdZZZ8[ [ [ aBdY7! | G



109%& () - 10%& ()-& 10%& ()- F10%& ()-r a?bbb"cncdEbC! | G0
I10%& () - - 10%<& () - +10%<& () -L* 10%& ()- (&L10%<& () -

10%<& () - Wg@@g geeeedYNC! | @ 10< 10< 10<SF=109%<& ()-: 10%&dpushooi=s () -
F7s10%<& ( %<& ()-eeeef Vff dEYNC! ! (?’o MLOYO&! () -

10908 () -" 1098 () - yS10%0& () - 10%K ()-10%8 () - ffggnggngYNC"Gg

@ 0% 109608 0% 10% 10908
hyhhhl | <()|) dBYRIEMS “’?“%’éﬂ 3%“‘@2?6%(3% poon %S%ﬂ(écéw &Q'E‘?"S@fb@@&' () -
109 () - Okélbﬁh %ﬁlﬁh? FeYN@i'ffe%t re%@rr@ﬁ distance from said source of forced air.

109%& () - -% 10%0& () - #109%0% () -pl I mfm mm nlmm =! 1!
t 10% (& () - FI 8 ! 10%{(&' () F 1OO 100 100 Y=10%&' () - 8F10%&' () -

L0’ () - THORE O] oo eI R B = 11 Tos& ()-1 10%& ()-

A) said instrument belongs to the class of column of air instruments, whereby
said column of air instruments sound designated pitches determined by the length of a
section of tubing, said length separating a source of forced air and a single release
opening by a prescribed distance;

B) said operator controlled recursive switching means are valve-activated
specific tube-length controlling means, whereby the activation by said operator of said
specific tube-length controlling means changes said superfluous pitches of said column
of air instrument into said foreign pitches by altering the distance of travel within said
section of tubing from said source to said single release opening by a prescribed

distance.

12. The musical instrument in claim 11,

A) together with a minimum of four of said specific tube-length controlling
means individually introducing four insert tubes, the largest three of said four insert
tubes lowering the sounding tone of said instrument under individual selection by 102
cents, by 204 cents, and by 396 cents all within said specified tolerance;

B) with the fourth of said specific tube-length controlling means configured to
lower the combinational sounding tone of said instrument by an additional 11.7 cents
when activated together with said 102 cent tube and said 204 cent tube;

C) said tube-length controlling means further configured such that said lowered

combinational sounding tone is within said prescribed tolerance.

13. The musical instrument in claim 12,

A) together with a minimum of two extra tube-length controlling means
individually introducing two calibrated tubes, each of said extra controlling means
lowering the monophonic sounding tone by a prescribed frequency when in

combination with other of said specific tube-length controlling means;
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activated by sald operator together with said 204 cent insert tube and sa1d 396 cent

insert tube;
D) said tube-length controlling means further configured such that said
resulting tone value and said deeper resulting tone value are both generated within said

prescribed tolerance.

14. In combination,

A) a stepped-pitch musical instrument;

B) a plurality of sound selection devices controlling a minimum of sixteen
elements, said devices subject to operator selection, said elements sufficient to provide
a defined chromatic scale of pitches containing twelve pitch stations;

C) wave propagating means responsive to activation of said elements, said
wave propagating means enabling the production of sound waves of distinct frequency
corresponding to said selection of said selected devices;

D) said devices further arranged such that said defined chromatic scale
contains both a first and a second tone-string of said sound waves, such that said first
tone-string contains the tonic pitch of said defined chromatic scale, and such that said
second tone-string contains the tritone pitch of said defined chromatic scale, whereas
said tonic pitch and said tritone pitch of said defined chromatic scale are together
termed the tonic pair;

E) said devices further arranged such that the particular pitches of each of said
first and second tone-strings are not shared in common and such that both of said first
and said second tone-strings each have a precise minimum of seven similar intervals
linking eight of said particular pitches in ascending succession, where similar is defined
as identical within a specified tolerance, where said specified tolerance is a cent value
no greater than 1.5 cents;

F) said devices further arranged such that said first and said second tone-strings

together contain eight rung intervals separating eight tritone pairs, whereby the value of
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specified tolerance relative to the six component pitches of three of said tritone pairs
when any member of said three tritone pairs is used as the initial zero degree station for
said chromatic scale, where said three tritone pairs are identified as said tonic pair, the
dominant pair, and the subdominant pair;

H) said devices further arranged such that the values of a majority of the
semitone intervals of said defined chromatic scale do not equal or do not approximate

within a tolerance of 0.5 cents a 100.0 cent semitone interval.

15. The musical instrument in any one of claims 5 or 14,

A) said instrument belongs to the class of open stringed instruments that further
utilize the fingerkeys of a keyboard as said sound selection devices, whereby said open
stringed instruments sound said elements by the activation by said operator of a
plurality of said fingerkeys specific to the corresponding pitches of said defined
chromatic scale;

B) said fingerkeys of said keyboard arranged in a minimum of three tiers;

C) said sound selection devices further configured such that said fingerkey
specific pitches increase along horizontal rows by tritone interval values of said defined
chromatic scale, and increase in stepped vertical columns by semitone values of said
defined chromatic scale;

D) said class of said open stringed instruments includes as a category such
instruments that employ the use of virtual open strings simulated by electronic means to
provide electronically generated frequencies;

E) said class of said open stringed instruments includes as a category such
instruments that employ the use of a computer language such as MIDI to trigger

detached tone producing devices etther in real time or at subsequent times.

16. In combination,

A) a stepped-pitch musical instrument;
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wave propagating means enabling the production of sound waves of distinct frequency
corresponding to said selection of said selected devices;

D) operator-controlled recursive switching means;

E) said sound selection devices further configured such that operator activation
of said switching means alters at least one superfluous pitch expressed by said
minimum of seven elements by a specific shift musical interval into a new pitch foreign
to said defined natural scale;

F) said sound selection devices further configured such that subsequent
actuation of said recursive switching means by said operator exchanges the expressed
frequency of said foreign pitch once again in favor of the initial frequency of said
superfluous pitch;

() said sound selection devices further arranged such that the specific shift
musical interval separating said foreign pitch from said superfluous pitch is either a
value on or between 19.8 cents through 27.0 cents or is a value on or between 8.0 cents
through 19.7 cents.

H) said sound selection devices further arranged such that all frequencies of
said seven member defined natural scale are 1dentical frequencies to certain members of
a separate reference defined chromatic scale of frequencies containing twelve pitch
stations, such that said seven member defined natural scale is a subset of the 12
frequencies of said defined chromatic scale;

I) said devices further arranged such that said defined natural scale is
isomorphic to both the chromatic zero degree station and the chromatic sixth degree
station of said defined chromatic scale of 12 frequencies;

J) said defined chromatic scale containing both a first and a second tone-string
of said sound waves such that said first tone-string contains the tonic pitch of said
defined chromatic scale, and such that said second tone-string contains the tritone pitch
of said defined chromatic scale, whereas said tonic pitch and said tritone pitch of said
defined chromatic scale are together termed the tonic pair, and such that the particular

pitches of each of said first and second tone-strings are not shared in common and such
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interval within said specified tolerance for all of said six tritone pairs;

L) said twelve pitch stations are isomorphic within said specified tolerance
relative to either of said pitches of said tonic pair when either is used as the initial zero
degree station for said chromatic scale;

M) said defined chromatic scale with values for a majority of the semitone
intervals of said defined chromatic scale that do not equal or do not approximate within

a tolerance of 0.5 cents a 100.0 cent semitone interval.

17. The musical instrument in any one of claims 6 or 16,

A) said instrument belongs to the class of reed instrument, whereby the pitches
sounded by said reed instrument are determined by said operator forcing a stream of air
along the general two dimensional plane containing one of a plurality of contained thin
reeds, causing said contained thin reeds to vibrate and generate said pitches;

B) said operator-controlled recursive switching means are specific reed-
damping means, such that a particular reed is incapable of vibrating in said stream of
forced air when in physical contact with said specific reed-damping means;

C) whereby the activation by said operator of said specific reed-damping means
replaces at minimum one of said superfluous pitches intrinsic to said reed instrument
with at minimum one of said foreign pitches intrinsic to said reed instrument by
altering the physical position of the contact surface of individual dampers, such that a
designated damper is moved from contact with one chosen thin reed engineered to
produce said foreign pitch by an operator action that next places said designated
damper in immediate physical contact with another chosen thin reed engineered to

produce said superfluous pitch, or vice versa.

18. The musical instrument in any one of claims 1, 14, or 16,
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A) said devices further arranged such that said specified tolerance is either a
value on or between 0.6 cents through 1.0 cents or is a value on or between 0.0 cents

through 0.5 cents.

19. The musical instrument in any one of claims 5, 16, or 16,
A) all said sound selection devices further arranged such that said specific shift
musical interval 1s either 11.7 cents within said specified tolerance, or is 23.4 cents

within said specified tolerance.

20. The musical instrument in any one of claims 2, 14, or 16,

A) together with independent fixed sequential medium;

B) whereby said sound waves sequentially generated in one segment of time in
response to the sequential activities of said operators of said instrument are sequentially

captured on said fixed medium for subsequent regeneration in another segment of time.

21. A process for recording music, comprising the steps of:

A) generating sound waves associated with a musical performance,

and

B) recording the sound waves in a fixed medium, wherein a majority of the
sound waves of the musical performance vibrate in tune with particular pitch stations of
a bicameral scale, wherein the two component scales of the bicameral scale utilize a

linking interval and a rung interval to define the identities of the pitch stations.

22. A fixed medium for carrying a musical performance, wherein the fixed medium
is encoded by the steps of:

A) generating sound waves associated with a musical performance, and

B) recording the sound waves in the fixed medium, wherein a majority of the
sound waves of the musical performance vibrate in tune with particular pitch stations of
a bicameral scale, wherein the two component scales of the bicameral scale utilize a

linking interval and a rung interval to define the identities of the pitch stations.
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