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Piredmluva

Sbornik predstavuje prvni ze dvou vystupt seminartii a workshopti projektu
Interdisciplinarni vyzkum hudebni kultury, uskute¢iiovaného na Katedre
hudebni vychovy Pedagogické fakulty Univerzity Palackého v Olomouci
v letech 2009 az 2012. Jednou z jeho klicovych aktivit bylo usporadat dva-
nact seminari a workshopt, na nichz se setkali pozvané osobnosti muziko-
logického svéta se zdjemci o interdisciplinarni vyzkumné presahy. Byt byla
fada vystoupeni zaznamendana na audiovideo zaznamech, jejich prevazna
¢ast je publikovana také v klasické tisténé podobé.

V prubéhu projektu se vyprofilovaly dvé podoby vystupu. Texty, jichz
se jejich autori vice ¢i méné pridrzovali pii svych vystoupenich, jsou ob-
sazeny v tomto sborniku a sefazeny chronologicky, jak se postupné jed-
notlivé prezentace uskute¢niovaly. Pfispévek Jifiho Lusky, prezentovany
31. 8. 2009, se koncentruje na vybrané otazky hudebné kognitivnich vy-
zkumt z obdobi ptiblizné poslednich dvaceti let. Rozsahlejsi studie Davida
Rosenbooma z kalifornské umélecké vysoké skoly Cal Arts v Los Angeles
pfinasi fadu problémoti, které nesou rukopis soudobého komponisty, expe-
rimentatora a se¢télého teoretika. Soucasti sborniku jsou i programové teze
D. Rosenbooma tizce spjaté s jeho performaénim projektem prezentovanym
v Uméleckém centru UP v Olomouci 8. prosince 2010.

Hudebné akustickou problematikou se zabyvaji texty Pavla Klapila
a Petra Koukala, které zaznély na seminari 24.9.2010.

Olomouc duben 2012

prof. PaedDr. Jiti Luska, CSc.
hlavni fesitel projektu






Kognitivni a metodologické aspekty hudebné
psychologického a pedagogického vyzkumu

Jifi Luska

Prednaska se zabyva metodologickymi a kognitivnimi aspekty hudebni
apercepce. Zaméruje se na hlavni oblasti, které byly rozpracovany jak te-
oreticky, tak v experimentalnich vyzkumech mentélni reprezentace a hu-
debniho kognitivniho vyvoje. Problematika psychologie vnimani hudby
a psychologie hudebnich schopnosti se v poslednich dvaceti letech stala
objektem oziveného zajmu o jejich vyzkum. Podnéty prisly predevsim
diky rozvijejici se kognitivni psychologii a jeji aplikaci v oblasti hudebni
psychologie.

V procesu vnimani dochdzi k dvojimu procesu transformace. 1. Jedna se
o pretvoreni vnéjsiho fyzikdlniho stimulu, vnéjsi fyzikdlni energie v excitaci
receptoru (receptortt) do proudu nervovych impulzt. 2. Druhy transfor-
macni proces zahrnuje pfeménu nervovych impulzti (v Neisserové pojeti
nervového modelu vnimaného objektu) ve vysledny vjem psychické pova-
hy. V této dvoji transformaci se vyskytuji jevy a) fyzikalni, b) neurofyzio-
logické a c) psychické. Ve vyzkumu hudebniho vnimani byly reflektovany
vétsinou tyto jevy v kombinacich bud a-b, nebo a-c.

V hudbg, oblasti operujici s uméleckymi a estetickymi zazitky, se také
ustalil pojem apercepce, ktery kromé vyse uvedenych vlastnosti vjemovych
kvalit zahrnuje $ifeji pojaté response vnimatele (apercipienta) emocional-
né - afektivni a eventualné i behaviordlni povahy. Pokud pouzijeme v nasi
studii pojem apercepce, vyjadfujeme jim zejména jiz zminény aktivni vztah
subjektu ke zpracovani ténového nebo hudebniho podnétu, ale bez zamér-
ného sledovani prozivacich atributi.

Kognitivni pfistup v soucasném psychologickém pojeti pohlizi na lid-
skou aktivitu, a reakce na hudbu v sobé vzdy nese jistou miru aktivity
subjektu, nikoli jen jako na pasivni responzi na podnét, ale jako na zptisoby
zpracovani vstupnich informaci za spoluucdasti paméti, predstav a dalsich
psychickych funkci. Pojem kognitivni je pouzivan v $irokém vyznamo-
vém rozptylu. V $ir$im vyznamu slova se jim oznacuji vSechny poznévaci
procesy bez rozliseni, jakymi metodami nebo z jakych teoretickych pozic
jsou zkoumany. V uz$im slova smyslu znamena psychologicky smér, ktery
redukuje poznavaci procesy na procesy zpracovani informaci. V kontextu
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hudebni psychologie jsou vyznamné a hojné studované zejména procesy
mentalni reprezentace, otazky psychického obsahu a kategorie znaku a vy-
znamu a procesy vytvareni mentalnich modelt.

Proces percepce se vymezuje terminem obecnéjsiho vyznamu, tedy jako
zpracovani informace, kterd je zprosttedkovana percep¢nim stimulem.
Procesudlni a informacni charakter zpracovani informaci jako podstatny
rys kognitivniho psychologického pristupu je dale doplnén o strukturaci
ve smyslu hierarchizace a modelovani poznavacich procest. Hovori se pak
o zpracovani informace na vys$ich ¢i niz$ich drovnich. Kognitivni procesy
probihaji paralelné i sériové a je mezi nimi interakce. Podstatnou strankou
kognitivni psychologie aplikované i pti studiu percepénich procest v kon-
textu hudebnich struktur je moduldrnost. Modely poznavacich procest
prekonavaji tradi¢ni klasifikace psychickych funkci zejména roz¢leniovanim
procest na dalsi diléi arovné, na nichZ probihd zpracovani informaci. Ty
mohou vystupovat jako proménna. Dil¢i slozky poznavacich procest jsou
dale sledovany z hlediska jejich interakce.

S oporou o Ulrica Neissera (1976) je prubéh vnimani charakterizovan
jako probihajici percep¢ni operace, pti nichZ dochézi k organizaci sen-
zorickych dat do psychickych vyznamnych struktur. Vzajemného vztahu
hudebniho podnétu a psychickych potencionalit nutnych k jeho zpracovani
si v§ima C. L. Krumhanslova (2001), ktera hovori o objektivnich hudebnich
vlastnostech podnétu, které jsou vanimany, pokud psychické zkusenosti sub-
jektu koresponduji s témito vnimanymi vlastnostmi hudebniho objektu. To
je ptipad aktivniho vzajemného vztahu mezi objektivnimi a subjektivnimi
prvky. Uvédomuje si také, ze existuji objektivni hudebni vlastnosti, které
subjektem vnimany nejsou. Jde tedy o vztah, v némz hudebni zkusenosti
subjektu nekoresponduji s hudebnimi vlastnostmi objektu. Tento vlastné
velmi simplifikujici pohled na proces percepce ma v$ak pro laboratorni
experimentalni ¢innost podstatny metodologicky dopad pro stanoveni,
kdy dochazi k psychické restrukturaci hudebniho podnétu a kdy nikoli.
Bez obav véak muZeme dodat, zZe stejné vyznamny je tento predpoklad
i v oblasti hudebni edukace.

Vyznamnou psychickou vlastnosti vnitfné spoluptisobici na pribéh
procesu hudebniho vnimani je pamét, a to jeji kratkodoba i dlouhodoba
forma. V Naisserové pojeti komentovaném vyse sehrava pamét ¢initele,
ktery umoziiuje identifikaci vyznamu vnimanych objektti a dotvari tak per-
cepéni cyklus do smysluplného celku. V hudebnim vnimani spolu s krat-
kodobou paméti vystupuje dlouhodoba pamét jako nezbytny predpoklad
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pro uchovani melodickych a tonalné harmonickych vzorcti spjatych se
stupnicemi, téninou apod. V kognitivnich vyzkumech je pamét zkouména
paralelné s nékterou dalsi kognitivni operaci, ktera v hudebnim podnétu
a jeho nésledném zpracovani dominuje. Kupiikladu T. Pechman (1998)
ukazuje, Ze podrzeni si v paméti stopy akordu je jednodussi nez zdznamy
jednotlivych tonti a Ze posouzeni zmén rodového charakteru akordi je
obtiznéjsi nezli postizeni zmén vysky tént.

Na rozhrani mezi tondlné harmonickym citénim a sluchem pro konso-
nantnost a disonantnost akordt v toniné se nachazeji diagnostické postupy
aplikované v kontextu vyzkumt citéni tonélnich vztahti stavéjicich na teore-
tickych zakladech funk¢ni harmonie a pfirodni harmonické hierarchizace.
Akordy jsou bud exponovany v kadencich vytvofenych z kombinaci vSech
diatonickych trojzvuki ze dvou zvolenych ténin (kuptikladu C dur a Fis
dur), a respondenti posuzuji, jak dobte znéji v kadencich nebo jen jako
dvojice akordi na pozadi urcité téniny. Pocit toniny je v téchto pokusech
navozovan prostym piehranim jednotlivych tont durové nebo molové stup-
nice v rdmci ur¢ité toniny. Pfinalezitost akordt k toniné je zjistovana pomo-
ci hodnotici $kaly a déle zpracovana statisticky (C. Krumhanslova, 2001).

Obecné je ptijimano, ze harmonie jako hudebné vyjadfovaci prostredek
je pro vnimani komplikovanéjsi nez ténova vyska, intenzita, barva, tempo
aj. hudebné vyjadfovaci prostredky. Proto se od sebe odlisuji také z hlediska
ontogenetického. T. Justus a J. Hutsler (2005) v kontextu zakladnich otazek
evolu¢ni hudebni psychologie shrnuji také souc¢asné vyzkumné vysledky
v podstaté potvrzujici, Ze pfijeti tondlné harmonickych principti se odehra-
va v procesu predavani kulturnich informaci v pozdéj$im détském vyvo-
jovém obdobi neZ vnimani obrysu melodie nebo vztahu melodickych toni
k stupnici a téniné. Je konstatovano, Ze vytvareni a zpracovani melodickych,
tonalnich a harmonickych vzorcti ma povahu socialné enkultura¢ni.

Vyvojové orientovand vétev kognitivni psychologie se od konce 70. let
zaméfila zejména na vyklad vyvoje mentalni reprezentace a mentalni stavy,
tedy hypotetické konstrukty, jimz se charakterizuje stav psychiky na pred-
reprezentacni urovni, tak i na drovni reprezentacni. Pfiblizné od poloviny
80. let se prosadil tento kognitivni pfistup naplno i v hudebni psychologii,
kde v mnohém navazal na Piagetovu vyvojovou kognitivni (epistemolo-
gickou) teorii chdpanou jako sled ¢tyt vyvojovych stupnd, v nichz mysleni
ditéte prochazi v interakci s prostfedim fadou reorganizaci a na vyzkumy
M. Pfledererové, v nichz aplikovala Piagetovy zavéry o vyvoji konzervace
v mysleni na vaoimani hudebné vyjadrovacich prostredkda.
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V zakladech kognitivni psychologie nebyl ontogeneticky aspekt ani pti-
vodné zakomponovan. V procesualné informa¢nim pojeti je lidské mysleni
a jeho vyvoj pojat v analogii s computerovym procesorem. Mysleni a cho-
vani sestava z jednoduchych procest, které se manifestuji v ranych onto-
genetickych stadiich. V prabéhu vyvoje se s narustajici zkusenosti zvysuje
kapacita ,,procesoru®i rychlost zpracovavani informaci. Tyto zmény mohou
byt subjektem ovliviiovany, mohou se zdokonalovat az k automatizaci.

Kognitivni aspekty byly shledavany v psychice a podrobovany vyzkum-
né pozornosti jiz v poc¢atcich hudebni psychologie a pojmy jako mentalni
reprezentace ¢i konzervace zdomacnély pfimo v oblasti vyzkumu psychic-
kych responzi na harmonické hudebni struktury. Kuptikladu znama pub-
likace R. Shuterové Psychology of Musical Ability z roku 1968 ve druhém
vydani z roku 1981na tento trend zareagovala novym oddilem tykajicim
se praveé kognitivnich vyzkum?t. Od té doby pak zejména D. Hargreaves
(1986), J. A. Sloboda (2005), C. L. Krumhanslova (2001), A. Lehmann
(2002), a dalsi rozpracovali zasadni problémy, k nimz se pozdéji pfipojo-
vala rada dil¢ich otazek hudebni kognice z oblasti neurobiologie viniméni
(Peretz, I, Zatorre. R, 2005), rané ontogeneze (Deliege, Sloboda, 1996)
uceni, hudebnich schopnosti a hudebni tvotivosti (Sloboda, J. A. 2005).
Byly rozpracovany také dil¢i teorie, které byly zaméfeny na aplikaci hudeb-
nich symbold, (Davidson, L - Scripp, L. 1992) na oblast vokalnich ¢innosti
(Davidson, L. 1994, Stadler, S. 2002), u¢eni novorozencti a kojenct, pro-
blémy hudebni kompozice, utvareni hudebnich a uméleckych kompetenci
nebo uméleckého interpreta¢niho kariérniho vyvoje.

Prozatim, jak konstatuje M. Sedldkova (2004), nebyla v kognitivni psy-
chologii vlastné uplatnéna klasicka longitudinalni metoda, coZ plati, pokud
je nam znamo, i o hudebni psychologii, kde prevazuji vyzkumy mentalné
strukturalniho charakteru a vyvojovy aspekt je sledovan spise tranverzalni
metodou. V tomto sméru, ale i v fadé dal$ich, které nebyly v nasem prispév-
ku zminovany, se da ocekévat vicero dalsich vyzkumnych poli i aplika¢nich
perspektiv do oblasti hudebniho vzdélavani.
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Collapsing Distinctions:
Interacting within Fields of Intelligence
on Interstellar Scales
and Parallel Musical Models

David Rosenboom

Paradigmatic parallels and complementarities among experiences in
experimental musical composition and some of the primary problems
in interstellar communication

Deeply and thoroughly contemplating the import of communicating with
forms of intelligence other than that we believe we know, and about which
all our presumptions could be arbitrary, sends us immediately to the roots
of fundamental questions about our own, differentiated existence. If we
consider the meanings we attach to the words in the preceding sentence,
nearly any of them could lead us to fully reexamine the presumptions we
carry with us in order to function in the world. Much of this article is about
questioning our metaphors for understanding intelligence, time, space,
information, communication, and messages, while drawing on the strik-
ing parallel explorations that occur naturally in the vast terrain of musical
composition, especially when undertaken with an experimental attitude
(Rosenboom 2000c). What follows should be considered a prolegomenon
to a more thorough and substantiated study still to come. In the meantime,
the interdisciplinary juxtaposing of fields involved in speculative musi-
cal theory and extra-terrestrial communication (ETC) yields a plethora
of sparks to light the fires of conceptualizing. This chapter is meant to fan
those flames.

As we open ourselves to the variety of forms in which intelligence—as
we understand it—could possibly manifest itself, we confront both our
a priori definitions of intelligence, and the profound ways in which these
manifestations may differ. We begin to consider the range of variations
and potential degrees of difference separating newly apprehended forms of
intelligence from that which we associate with ourselves. First, we consider
variations of intelligence we perceive among the human populations. Next,
we move a bit further away and wonder about possible intelligence in other
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species living on our Earth. Finally, the notion of extra-terrestrial intel-
ligence (ETI) carries our imagination and speculations further away from
our self-models. Imagining ETI is not so different from imagining other
intelligences nearer to us. Crossing the physical threshold of getting off the
Earth, however, triggers our thoughts and forces our imagination to grapple
with how fundamentally different, other forms of intelligence might be.

When we return closer to home, this expanded imagination illuminates
the diversity among forms of intelligence exhibited by beings nearer to us,
both inside and outside our own species, and the multiplicities of intel-
ligence existing within our individual minds. As it will be shown in all of
the interdisciplinary domains of thought this study invokes, it is important
to be ever mindful of the scales of relationships we can consider, the scales
of intrinsic similarities and differences that might become manifest and
the physical and temporal scales over which intelligent relationships may
be found.

Having alerted ourselves to the scales of possible manifestations of
intelligence, we may ask, what of consciousness? Is intelligence depend-
ent upon consciousness and its possible further expansions in scale: self-
consciousness, consciousness of consciousness, macro/global-organism
consciousness, and universe consciousness? Three kinds of descriptions
may be all that are necessary to create a unified description of these things
(Rosenboom 2000c): 1) time-space extension—frameworks defined when
processes extend themselves; 2) energy—changes and distinctions in time-
space; and 3) information—order and pattern underlying emerging entities.

Next, we consider the body, our bodies. To what degree are intelligence,
consciousness, and the body inextricably linked? As we consider communi-
cation, we ask, how do we recognize when we are in communication with
another intelligence? If this recognition requires consciousness emergent
from underlying intelligence, and the manifestation of consciousness re-
quires the configuration of matter and time-space necessary to create our
bodies, and we are interested in communicating with forms of intelligence
distant from our Earth, then we wonder if it is necessary to move the body
around in time-space to be able to recognize, and therefore experience,
that we are in communication with an ETL. If so, we are led to the large
conundrums arising from the speed limits we believe are placed on the
communication media we know, such as electromagnetic fields.

Again, returning closer to home, we may pay attention to the phe-
nomena of art making among humans. What is its function? As far as we
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know, the functions are myriad, probably beyond any description we've
yet invented. However, one hugely important aspect of art making involves
taking advantage of the potential abstractness of artistic media. In art we
are given a form of behavior seemingly ideally suited to the exploration of
paradigms of apprehension, intelligence, perception, thought, and human
functioning, which may be radically different from our learned presump-
tions. Furthermore, we know that such different paradigms may be imag-
ined, learned, heard, seen, and comprehended, albeit often only through
the application of great effort and disciplined practice. Sometimes these art
forms may enable us to grapple with scales of information and communi-
cation that are uncommon in our daily experience and ways of regarding
space and time that are radically different from our usual, primarily linear
concepts. For example, forms of time exist in cultures and styles of music
making that simply do not contain the notion of time extending forever
forward. Rather these forms of time, deeply experienced, may be entirely
cyclical, always assuming endless repetition, or they may be entirely non-
linear, only becoming ordered, collapsing into sequences when succession
is apprehended among otherwise simultaneous possibilities in a configura-
tion matrix. The qualities of change can assume radically different mean-
ings in these alternative paradigms (Rosenboom 1984a and 1984b). Figure
1 shows a score page from another of my compositions, And Come Up
Dripping (Rosenboom 1969), for soloist and feedback-based, electronic
signal processing. The musical and control structures in this work are all
entirely cyclical in form.

Elsewhere (Rosenboom 1992b) it was suggested that the ideal mental
state with which a musician may approach a new kind of musical notation
might be similar to that of the SETI astronomer looking for extra-terrestrial
messages. An essential condition of this state would be maintaining the
openness of perception and cognition required to find and recognize a form
of intelligence, the nature of which cannot be known in advance. This is criti-
cal. This newly recognized intelligence would, no doubt, have arisen from
a process of evolution that may also not be knowable. Stuart Kauffman has
argued persuasively (Kaufman 2000) that it is not possible to finitely pr-
estate the configuration space of a biosphere, or in fact, any process in which
evolution proceeds through the co-evolution of autonomous agents with
their environment and each other. Extending this argument to intelligent
beings, one must conclude that the nearly limitless variety of ways in which
intelligence may emerge is not predictable. Extending it to the evolving
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Figure 1. Score page from And Come Up Dripping for soloist and electronic processing
in which all musical and control structures are entirely cyclical; cycles of delay and
recombination of processed musical gestures produce new emergent forms.

universe as a whole (Kaufman 2000 and Smolin 1997), the future course of
the current universe and universes that may follow may be fundamentally
unknowable in their basic constants and characteristics. Examples of music
in which the configuration of musical elements that may arise in perform-
ance cannot be prestated abound. Consequently, their evolution cannot be
predicted. Figure 2 shows an excerpt from my recent composition, Zones
of Coherence (Rosenboom 2003), for solo or multiple trumpets. The score
consists of a series of musical configuration spaces inside which a priori
time does not exist until a performer manifests a succession of events in
a localized now shared with his audience.

We in the 21% century West are used to a standardized concert fare of
classical repertoire in which the composer’s score is regarded as the sacro-
sanct, absolute definition of the composition. Audiences often mistakenly
regard this music as having specific, ideal realizations, and performances
are judged according to this standard of perfection. Even this music is much
more pliable in its time-space parameters than most realize. However, in the
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Figure 2: Score pages from Zones of Coherence for solo or multiple trumpets showing
musical configuration spaces of simultaneous possibilities that are collapsed in perfor-
mance to make local timespace realizations.
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global scheme of things, we shouldn’t forget that this repertoire comprises
only a small percentage of the music making that exists and has existed
throughout the millennia in the Earth’s myriad and diverse cultures and
minds. We must keep an open mind about the kinds of alternative musical
paradigms that can exist. In this chapter, we will draw on broad themes that
have emerged in primarily contemporary, Western experimental music,
which may offer new ways of thinking about interstellar communication.
The subject is vast, and in the space available we will only scratch the sur-
face of possibilities.

Why music in this context—why is this landscape so stimulat-
ing?

Music is a stimulating and useful source of metaphors for ETC be-
cause it is such an open form of human activity. We can consider invented
cognitive models and propositional realities as musical objects and regard
listening as a compositional act, in the sense that it involves the creative
synthesis of internal, mental images related to interactive experiences with
sound (Rosenboom 2000). Furthermore, I assert that such active listening
is one of the most important activities in music making and may also be
a prerequisite for success in ETC. It’s important to begin our investigation
by taking a broad view of what music is and can be, extending the domain
of activities we may consider to be music making before launching into an
exploration of parallels between this form of art making and inter-stellar
communication. The available musical and musicological literature is rich
with excellent descriptions of these divergent musical worlds. Fundamental
to many expanded views of music making is John Cage’s explication of
a musical philosophy, beginning with his monumentally influential Silence
(Cage 1967) that includes among other things intentional and unintentional
sound, silence, sounds in isolation, and sounds juxtaposed by chance as
music. Readers may wish to explore informative sources such as (Cope
1989, Gann 1997, Nyman 1974, and Zorn 2000) to become more familiar
with this musical landscape.

What can we learn from experimental music that might aid
us in interstellar communication?

Here are a few ways in which we can begin thinking about what we
might learn from this human activity we call music. The material stuff of
music involves experienced time. As such, whether we know it or not, music
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is a discipline in which our metaphors of time and the organic experience
of time are under constant exploration and manipulation. The scope of this
is profound. Time is synthesized in music, made up, constructed through
experience with configurations that may involve quantization in a variety
of ways. It does not exist as a given. We are beginning to believe this may
be true in physics as well (Barbour 1999). In music, we place our hands on
time, mold it, and play with its emergent forms and how they relate to the
structure of our experience and the mediating capacities of our underlying
neuro-physical and organic substrates. The local, physical manifestation
for this temporal clay is acoustic waves, the diffusion of displacements in
a medium experienced on both its relatively global, continuous nature,
and on its discontinuous, granular, microstructure level. These wave me-
dia function as metaphors for fields as well, the relativistic wigglings of
which are brought down into the temporal-spatial scales of human, earth-
day experience by the various speeds of sound moving through molecular
constructions. Music provides, thus, an abstract space for structuring and
exploring time-space experiences in profound ways that probe the nature
of perception, intelligence, cognition, consciousness, and communication.
In attempting ETC, we face the daunting mental challenge of thinking in
a range of time-space scales, the possible, palpable experience of which we
are only beginning to imagine.

Next, music is commonly a shared experience. It involves communica-
tion and interactivity among what we perceive as distinct manifestations
of intelligence. As such, it is fundamentally co-creative. Musical construc-
tions, i.e. compositions, serve as gathering points for co-creative activity
and environments for exploration. Communication in music is, and this
chapter will argue that all communication is, fundamentally co-creative.

Finally, music involves discovering forms of intelligence, the funda-
mental nature of which cannot be known in advance. Sometimes, these
may be imbedded inside musical artifacts, such as notations or interactive
structures, which have been created by individuals exploring the possible
extents of intelligence as part of music making activity. Sometimes they
involve the most demanding discipline of music making, improvisation,
which can be defined simply as composition that is immediately heard rather
than subsequently heard (Rosenboom 2000). In this case, the individuals
engaging in improvisation are involved in a co-creative activity that joins
separate intelligences, the nature of which must also be discovered through
dynamic interaction. This seems to me to be of paramount importance to
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any endeavor that involves imagining communication among intelligent
entities, which cannot know each other in advance of recognizing contact.
In this sense, it is fundamental that we regard communication as a col-
laborative process. Communication is collaborative co-creation among two
or more differentiated, autonomous agents. If these are to be considered
intelligent agents, then their nature must be apprehended through the process
of co-creative communication.

Recognizing radically different forms of intelligence, the char-
acteristics of which cannot be known in advance

How can we recognize intelligence unless we know what it is? Indeed,
how is it possible to even know what intelligence is? We may have a Godel-
like problem here (Casti 1991) in that any formulation we might make
to define intelligence places a boundary around a system configuration
within which it will always be possible to formulate a kind of intelligence
that is unknowable. We tend to associate intelligence with the emergence
of a cerebral cortex of minimum size and regard those relatively micro-
cephalic by comparison to have not crossed the intelligence threshold. Are
there minimum characteristics of a system’s internal organization required
for intelligence? Does intelligence emerge from a system of minimum com-
plexity by means of crossing a catastrophic cusp (Thom 1975)? Or, does
intelligence exist on a continuum of organic development?

The concept of extra-terrestrial-ness arises from crossing a boundary or
cusp, namely, being able to move to a minimum time-space distance sepa-
rating us from our local gravitational singularity. It is not very much differ-
ent, however, from crossing the boundary we place around the definition of
our own intelligence, reaching into the realm of other-intelligence. The ques-
tions to ponder are similar. Most likely, we humans have not yet progressed
very far in our ability to recognize the possible forms of other-intelligence
that may exist in the universe. Have we exhausted the possibilities on our
own planet? Have we considered the potential range of time-space scales
over which forms of intelligence may manifest themselves? Are we able to
ponder forms of intelligent organization among systems that extend beyond
the scales of our own lifetimes? Have we exhausted questions about the
interlinking of intelligence with consciousness? Does intelligence require
consciousness? Does consciousness require intelligence? What about or-
ganizations of autonomous agents? What is the extent of autonomy in a co-
evolutionary system? Could the vast ant colony that has been discovered to
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cover a geographical space extending from the middle of California all the
way to Argentina be behaving as a single unit? The questions are endless,
but it is critical that we keep them open and not rest too easily in answers.

Extra-terrestrial-ness broadens the questions to include time-space
scales that necessarily extend beyond our own lifetimes. This occurs at
amoment in our evolution when some forms of terrestrial intelligence are
reconsidering the very existence of time and space. Perhaps, timespace
may be rethought as a cognitive tool with which one form of intelligence,
the existence of which inside our own brains we are aware, manages the
configuration spaces we observe in the universe and maps these onto the
mental configuration spaces we experience. As such, time and space func-
tion as metaphors. Other forms of intelligence appearing to function inside
our nervous systems may operate differently. Do we know them? Have
we recognized them? Have we experienced them? I submit that the un-
explored territory here is vast beyond our current understanding. As we
move toward a proper regard for ETC, we cross several boundaries, the
boundary of the small, conscious mind into a larger mind including the
unconscious and beyond, the boundary of the self, the boundary of species
differentiation, and the boundary of time-spaces larger in scale than our
individual lifetimes.

The freedom music offers in exploring paradigms of apprehension
Music offers us opportunities to work with, interact with, and explore
our interrelationships within complete, speculative realities (Rosenboom
1987a and 2000c). Music generally utilizes the medium of acoustic wave-
forms and auditory perception, but it can use much more than that. Events
within this psychophysical medium can become symbolic of nearly any-
thing the mind can conceive. Acoustic waves remain relatively abstract
through the primary processing stages of auditory perception in the nerv-
ous system. Categorical parsing by means of acoustic feature detectors in
the auditory nervous system parallels relatively closely the physical na-
ture of sound, even at fairly high levels of signal processing in the brain.
Consequently, music is an ideal medium within which to explore how we
hear, process, store, associate, and recall sonic images. Within music, it is
relatively easy to identify levels of abstraction and to explore the processes
through which we apprehend and attach meaning to psychophysical events.
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Uncovering hidden mental paradigms through musical experiences
Earthbound musical styles periodically undergo major paradigm shifts,
as new ways of thinking and hearing are uncovered (Rosenboom 1987a).
During these periods, the way in which we regard supposedly fundamental
elements of musical construction can change radically. Dissonances cease to
be heard as dissonant. Temporal constructions formerly regarded as chaotic
come to be regarded as ordered. Active engagement with the components of
such new paradigms can change how we process the abstract constructions
of acoustic waves and how we construct mental representations of time.
The enormous capacities of our underlying neural processing structures
to adapt and change the allocation of the brain’s resources to match the
organisn’s needs clearly supports this kind of shifting. Each time we expe-
rience a new paradigm the a priori hidden mental models with which we
have habitually apprehended things become exposed for re-examination.
The result can be a profound opening of the doors to new apprehension.

Hearing invented cognitive models in music

The past century was just such a time during which a great range of new
possibilities was uncovered. One of the results was the splitting of former
stylistic mainstreams into a plethora of tributaries, each with its own notion
of musical reality. The parameters of compositional form were enormously
expanded, well beyond the familiar ones of pitch, harmony, timbre, and
rhythm that characterized previous, Western, common practice. The act
of musical composition became similar to building complete, cognitive
models of music. The revelation attached to this was the clear result that
these proposed models could be heard (Rosenboom 1987a). They could
be tangibly experienced.

Model building, thus, is an activity that exists in music making as well
as the sciences. A common link for both lies in how communication func-
tions within these models and how we communicate about them. ETC
connects them all. So, what are some of the ways we work with invented
cognitive models?

Both model building and physical experiment are essentially cogni-
tive domains, aided by proprioceptive input and output, and involving
correlating our semantic networks with supposed physical experience. It
seems the most we can do is provide models expressing the consequences
of assumed states and actions, which can bear only a speculative relation
to any physical reality. The detection of phenomena through the senses by
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physical experiment serves to guide us in attempting to map the behavior
of our models and our experience of physical reality onto one another.
These mappings are isomorphic only to the extent that our experience is in
some measure complete.

The invention of terminology or the attachment of semantic labels to
physical experience is half the battle of physical science. Finding the most
evocative means to communicate or stimulate a conception in the mind,
which gives form and substance to an abstract model, is a primary activity.
The fine arts permit the model builder to define the degree of correlation
that will be required between the model and any assumed physical reality
in absolutely any manner. If the model is to be purely abstract, it then re-
sembles pure mathematics. To this extent, model building is an important
creative act in both the sciences and the fine arts.

The creativity involved in such model building activity can be phenom-
enal. Indulging in the beauty of abstract models may also lie at the core of
real advances in our conception of physical models as well artistic ones.
For, it must be a fundamental biological attribute of humans to examine the
phenomenon of true beauty as what nature must really be like. In ETC, it
could be fruitful to work particularly with interactive and creative cognitive
models in conceiving messages.

Recognizing new forms of intelligence in music

Creative musical activity involves recognizing the musical intelligence
that may be imbedded in a musical work or expression. Music is an ac-
tivity emphasizing dynamical processes. The primary physical artifacts of
music are: instruments—agents for interacting with acoustic or other wave
fronts—, scores—iconic objects created to mediate dynamical experiences,
and since the last century, recordings—electronic memories of the outcomes
of dynamical processes. Now we can add interactive, evolving, complex
adaptive systems created through networked electronic and computer me-
dia, which have been realized as musical works.

Musical intelligence reveals itself in dynamical forms. When we try to
distinguish physical artifacts that may have been formed by an intelligent
agent from those arising spontaneously in nature, our assumptions about
form and cause are invoked (Rosenboom 2000c). Making such distinctions
among dynamic morphologies, all of which involve some manner of evo-
lution, involves making judgments about the existence of ordering agents,
which all life forces are. Recognizing the existence of such agents in music
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requires openness to hearing that may have little to do with prior assump-
tions about structures or tools for detecting order. This is rarely possible
without actively interacting with those forms, the most important mode
of which is active listening. Similarly, active interaction with a potential
ETI may be required before it can be recognized. Mere speculation about
possible artifacts of intelligence, which may be difficult to distinguish from
natural phenomena, may be insufficient.

While hiking up the Devil’s Slide trail in the San Jacinto Mountains,
I came across a fallen log with a fascinating, complex pattern of grooves
carved into the wood under its shed bark. Of course, insects, now long
gone, had created these. What were the essential features that made it obvi-
ous these grooves had been created by a life form? Was this form imbued
with the qualities of intelligence? Could it be regarded as a musical score?
With creative interpretation, it certainly could be played as if it were.

Communicating over large scales of space-time

Perhaps, forms of both terrestrial intelligence and ETT may be thought
about best as simply multiple intelligences separated over a range of rela-
tively large time-space scales. In that way, we may come to regard intel-
ligence as a continuously distributed phenomenon, a particular manifesta-
tion of the universe, which may be metaphorically described as having its
own diffuse field with diverse, local manifestations. ETC may occur within
this field in a variety of ways, analogous to interactions of waves in hypoth-
esized morphic fields. [See (Abraham 1996a and 1996b) for an example of
an animated, mathematical model.]

The primary problem of time in interstellar communication

Regarding ourselves as time-space-bound entities of intelligence, with
the requirement that we experience in localized consciousness the recogni-
tion of an ETC event highlights time as a primary problem in interstellar
communication. How do we regard messages we may send as signs of our
form of intelligence, when we do not expect to be alive at the time the
messages may be received afar? Clearly, we must look to a higher form of
collective consciousness within which such events may be experienced and
owned, and/or we must find our way to alternative views of time and space,
perhaps enabling us to experience parallel universes.

In many world cultures, which have relied less on musical notation
than the West, musical records are maintained primarily in individual and
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collective, auditory memories. Often, such musical forms and what we
habitually regard as pieces or compositions are owned less by individuals
and more by the collective. They also evolve as does the culture, and crea-
tors and practitioners, i.e. composers and performers, are not considered
distinct from one another. Many practitioners are able to contribute to the
evolving forms. Consequently, the musical forms could be said to extend
over the time scales of cultural evolution. Perhaps, our attitudes toward
and methods for ETC could benefit from considering this kind of musical
practice.

The primary problem of time in physics today

It is the condition of theoretical physics today that many regard time
as illusive and possibly only emergent from underlying phenomena, or
even not to exist at all (Barbour 1999). Classical and relativistic paradigms
cling to the notion that the configuration space of the universe can be
prestated, and within this view, no good reason for time to exist can be
found (Kaufman 2000). Time may be one of the ways in which an evolv-
ing universe organizes itself. Similarly, time may be one of the ways in
which intelligence manifests its own internal organization and one of the
cognitive tools minds use to grapple with configurations of physical things.
This mental, temporal tool determines autonomously a succession of dif-
ferentiated entities by interactive perception and apperception, and from
this, constructs a past and present and predicts a future. All three of these,
however, exist only as components of particular present moments, par-
ticular nows. It is worth emphasizing that all these are synthesized within
us, the past being that which we regard as having an effect on us, and the
future as that upon which we can have an effect. In each present we assess
the accuracy of our past predictions about particular futures and from this,
compute expectancy and surprise.

The speed of light, which may be better regarded as a maximum veloc-
ity for the propagation of influences among differentiable asymmetries—
(symmetry breakings, warpings, distortions, singularities, waves) — in the
electromagnetic field, appears to have its present value in our universe for
no particularly good or well-rationalized reason. It is one of the param-
eterizations in our current model of the universe. Another way to regard
it is as a kind of stickiness in the universe, like a kind of chewing gum that
connects everything, and creates time by slowing down reactions. Thus, if
one tries to pull a wagon with a piece of chewing gum or perhaps a rubber
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band attached, there will be an amount of time before the wagon reacts to
the pulling force. In fact, this delay is always present, but is much shorter
for more rigid arrangements of molecules, like a steel handle.

The stickiness may also represent energy, that which keeps distinguished
mass entities apart, and slows their influence on each other, creating time.
The stickiness may be like the stretching or warping of the electromagnetic
field, producing the potential energy of non-equilibrium displacement,
which may be released or dissipated by the pulling together of opposites in
this displacement, forces stretching in opposite directions, opposite charges,
opposite kinds of matter, and so on. The enormous tension that is described
as being imposed on super-strings, requiring many dimensions of descrip-
tion, may be analogous as well and also be the source of the differentiation
we observe extending out into the familiar, spatial dimensions that are not
tied up in the tiny scales of the strings’ size.

Further contemplation leads to the merging of energy, matter, time, and
space into what is referred to here as EMTS. (Delightfully, this can be pro-
nounced “em-ty-ess,” almost like “emptiness.”) These formerly differentiated
concepts are, in this view, simply not regarded different. They are the same
thing, emerging in mental space as separate merely as a consequence of the
internal tools we use to coordinate configurations of experience. Memory
is like mass. Memory is a kind of coagulation of information orderings in
the way that matter is a kind of coagulation of field asymmetries. Time and
space are, thus, emergent. It is sometimes a useful mental exercise to change
the way in which we use language to refer to hard topics under study like
this and observe what happens in our minds. Both in what follows and
what has preceded, our usual nomenclature for space-time is reversed and
called, time-space. Each time an anomalous term like this is used, some of
our neural circuits are jogged and shaken a little. This leads to an accumula-
tion to tiny reconsiderations, a healthy state of affairs.

The stuff of music is the manipulation of time

Music is a medium that manipulates time. It is often stated that mu-
sic can manipulate something we call psychological time. It can be easily
demonstrated also that music can manipulate our perception of the pass-
ing of time and perceived time intervals (Epstein 1995). Perhaps, we may
also go further and speculate that music may provide an environment for
experiencing configurations in which time is created, —at least locally—,
by those interacting within these configurations. Further, the composition
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of these configurations is part of the art of music making. The time created
and experienced is part of the stuff of music and becomes often attached
to individual experiences of drama and emotion. A particularly thorough
explication of this with emphasis on Western classical music can be found
in (Epstein 1995).

Musical compositions have been conceived of on time scales ranging
from microseconds to those of long-term cultural evolution, analogous to
the range of time scales for hypothesized, self-organizing systems (Jantsch
1980). The neuro-plasticity underlying shifts in selective attention and
the perception of musical structure supports a very large range of tem-
poral extensions. It has been demonstrated that these can be reflected in
measurements of electrical brain activity, such as event-related potentials
(ERPs) (Rosenboom 1997). Composers can learn to affect the likelihood
that musical events will be perceived on various changing time scales and
make that part of their compositional methods. The process is, however,
still co-creative, in that through active listening, those experiencing the
music may direct their attention, perceptual tuning, and high-level image
formation toward ordering things in particular ways.

Music in-time and music out-of-time

Contemporary practice in musical compositional now routinely in-
cludes constructing musical relationships both inside time and outside time
(Xenakis 1971). Both are considered part of music. Outside-time music
involves constructing possible, often hierarchical, configurations, strate-
gies, and groupings, building probabilistic relationships in stochastic music,
making co- creative game strategies, co-creative interactive designs, and
heteronymous forms of cooperation, conflict, evaluation, and judgment in
performance designs. These new configurations also include ideas about
integrating the musical parameters used to articulate the structural forms
of the music, beyond those obvious and traditional materials of pitches and
sound intensities, to include such things as degrees of order and temporal-
spatial densities.

To produce each, local realization, musical space is parameterized in this
way, as are our models of time-space and EMTS. This parameterization is
outside time. The configurations that result are given succession and order
in acts of apperception, which synthesize time.

Figure 3 shows a page from my 1967 musical composition, Then we
wound through an aura of golden yellow gauze (Rosenboom 1986). In a way
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Figure 3. Score page from Then We Wound Through an Aura of Golden Yellow Gauze
showing an interactive configuration space in which parameters of potential musical
relationships are embedded in the way performers traverse the space and in adaptable
symbols that can be defined for any performance medium.

that resembles diagrams of the configuration spaces one might see today
in a monograph about theoretical physics, a configuration space of musi-
cal relationships is depicted. This circular space is parameterized along
a set of axes—not shown in the score—corresponding to several rotated
diameters. The center corresponds to a kind of origin and each diameter
to a parametric axis along which values of individual musical parameters
are scaled. Values extending out in opposite directions from the origin
are thought of as pointing to structural opposites, analogous to positive
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and negative numbers mapping the tension between separated physical
opposites like matter and anti-matter. For example, one axis corresponds
to density, and results along this axis are the most visibly evident in the
graphic score. A close clustering of figures can be seen on one side of the
circle, while spatially disperse figures of larger spatial extent appear on the
other. Each symbol is given a particular meaning relating to the starting,
stopping and modulating of sounds. The symbols are further divided into
sound events that can be extended in psychological time so that they are
perceived as having gesture shapes imbedded inside them, and those that
are so short that they can only be perceived as transients. A performance,
which is considered to be a kind of collapsing of the configuration space
into the local dimensions of musical event, may proceed via a limitless
variety of rules for traversing the space. The rules may function as social
orderings for several performers, analogous to agreeing to play the piece at
a particular time and place, and/or they may be designed to maximize the
emergence of particular relationships observed in this constellation of no-
tations. Traversing the space makes it possible to experience its imbedded
relationships. These relationships are composed out of time and, through
performance, manifested in time. Similarly, the configuration space of the
universe, — which may contain myriad manifestations of intelligence—, is
experienced by traversing its relationships via the time-space stickiness of
electromagnetic or other fields. Experience here is regarded as the collapsing
of a field of simultaneous, possible relationships via the creation of duration
and extension in a field that further coagulates these into the analogous
forms of memory and mass. [Readers may wish to refer to two stimulating
examinations of field ideas by (Williams 1980 and Auyang 1995)].

Parallels among musical practice and interstellar communication
Doing musical things requires practice in a vast array of skills. Key
among these is mastering subtle forms of non-verbal communication.
The ability to recognize and utilize ineffable, often inexpressible links and
concurrences in time-space, —for example, among members of an ensem-
ble—, is an essential, practical skill. Recognizing concurrences, particularly
in time, are similar to detecting covariance among variables in a physical
model, often a clue to possible links in a system of interacting parts with
shared dynamics. Can we consider such covariance to be a form of com-
munication? If so, we must be alert to how such covariance might link our
detection and analysis exercises with the objects of our perception, —for
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example, possible messages. As is the case in developing musical skills,
increasing our observational acumen in this regard requires regular, disci-
plined practice with our ways of perceiving the nature of reality.

Creative (not re-creative) musical practice

Mature musical practice is always creative, even in the supposedly re-
creative acts of performing extant, relatively fixed-form, musical literature.
Both generating outputs through our neuromusculature in performance
and processing inputs through hearing and perceiving are creative acts en-
gendering the synthesis of internal images for execution or storage. ETC is
similar, involving the creative synthesis of messages and creative detection
of correlations that could emanate from unknown intelligences. Objectivity
in these endeavors is merely a form of relatively large-group agreement
about observations.

Listening is as important as making sound in music; it is another form
of composition—a creative manifestation of images

Listening is a compositional act. It involves self-directed attention,
tuning perceptual mechanisms, activating recognizing circuits, and com-
pleting images that may be distorted or fragmented. Music is a landscape
for exploration through listening. The perception and organization of in-
ternal auditory scenes involves an immense amount of computing and is
analogous to constructing a reality (Bregman 1990). We know that our
conceptual mechanisms, tools, and capacities can be developed through
disciplined practice and self-exploration. We now know that the underlying
neural plasticity involved can be enormous. Particular processing pathways
can be greatly enlarged or diminished through practice, entrainment, re-
peated exposure, and experience, co-opting or releasing large amounts of
the processing and memory capacity of the brain.

Listening is as important as sending in interstellar communications; it
is another form of message invention—a creative interpretation of what
is received

Listening in music involves the active selection of variations in a part of
our physical environment, continuously presented to us through a detec-
tion system of limited scope, with which we choose to engage our musical
intelligence for a constellation of individual reasons. As we practice being
open to hearing, we widen the range of variations we recognize as having
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potential for such engagement. More and more aspects of our auditory
scenes begin to have musical potential. New kinds of covariance are estab-
lished between the neural substrates supporting our musical intelligence
and the physical phenomena impacting our senses. Subsequently, this af-
fects the range of possible output patterns we may synthesize when creat-
ing new music. Similarly, in ETC, a detected message is also an invented
message, a creative interpretation of what is received. Concentrating on
the kinds of covariance with which our message recognizing intelligence
is capable of being engaged may both broaden our recognizing capability
and provide new insights into message design.

The propositional music model

Previously, I have described a view of musical practice and labeled it
propositional music (Rosenboom 1992 and 2000c¢). It was conceived initially
in reference to the enormous period of expansion in ideas about what music
could be that characterized the previous and, so far, the current centuries.
It includes a view of composition as the proposition of musical realities —
complete cognitive models of music—using propositional musical language
accompanied by a propositional language of music theory. Composers are
regarded simply as creative music makers of all kinds, who may work by
first developing a model of a proposed universe and, then, proceed to make
music that is consistent with that model. Interactivity within entirely in-
vented models of whole worlds is emphasized as a driving force for evolu-
tion, and musical forms are considered to be emergent phenomena within
individual works and across cultural history.

Complex adaptive processes in music

Recent developments in understanding complex adaptive processes play
a significant role in this new musical landscape. Again, music provides an
environment for experimentation. Complexity can be heard. It is a phe-
nomenon of apprehension. It is tempting to regard apparent complexity
as special and likely to have resulted from intelligent initiation. In percep-
tion and recognition, simplicity and complexity are relativistic and com-
plimentary terms. Cultural artifacts may appear to have simple forms in
relation to the perceived complexity of nature. A simple, large-scale form,
like a building, may result from a complex arrangement of small parts.
The apparent simplicity in the outer form of a sand pile may result from
an immensely complex fitting together of grains. The temporal structure of
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music offers many analogies. A musical drone may appear simple. However,
when one listens to it actively for a very long time, the subtle variations
in its microstructure may reveal limitless complexity. Similar exposure to
apparently random noise can activate resonant, recognizing circuits such
that many recognizable things are heard inside the noise. The stochastic
arrangement of a cloud of sounds may have simple direction in its overall
movement. It may be a fundamental trait of adaptive organisms to develop
correlations between the derived complexity-simplicity of a perception and
the projected complexity-simplicity of a source or cause of that which is
perceived. Such correspondence may not always be borne out and this
might be critical to keep in mind when interacting with unknown intel-
ligences. The digit sequence of n appears complex, but can be produced
by applying simple rules. Similarly, we dream of discovering simple rules,
which when applied, could produce a whole universe. Music composition
today includes the same ideas.

Note that these notions about complexity differ from some common,
impressionistic meanings in music, which tend to equate complexity with
something that is difficult to hear or described as unpleasant and “hard” to
listen to. We know we can hear, or learn to hear, and make fine discrimina-
tions between sound aggregates produced with different probability dis-
tributions, or different applications of set orderings. We may not be able
to discern the generative methods behind these, but we can differentiate
among various results. To each result, we ascribe a sound quality. As always,
effort opens doors. Without that, the fantastic plasticity of our nervous
system will dutifully allocate the brain’s resources to becoming ever more
efficient at tuning in what is common and tuning out what is uncommon.
It isn’t unreasonable to question whether this kind of adaptation in intel-
ligence has survival value for the species.

The On Being Invisible musical model

My musical work, known by the title On Being Invisible (Rosenboom
1984a, 1984b, 1997, 2000a, and 2000b), is an example of a self-organizing,
complex adaptive musical system. Spontaneous musical forms emerge in
this system as the result of feedback interaction between the brains of one
or more performers and what could be described as an artificially intel-
ligent, computer music instrument. Figure 4 shows a schematic plan for
the organization of this system. The beginning point for it is the genera-
tion of sounds by the instrument, either pre-composed or algorithmically
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produced, often through stochastic means. The instrument analyzes its
sound output stream according to a partial model of musical perception,
which resides in software and is always being refined. It looks for places in
the sound stream that are likely to be perceived as natural parsing points,
boundaries segmenting the stream into meaningful, perceptual categories.
The system predicts which potential parsing points might be perceived as
significant and tests these predictions by analyzing the performer’s elec-
troencephalogram (EEG) and looking for event-related potentials (ERPs).
ERPs are commonly associated with shifts in attention to a target event.
The occurrence of such ERPs supports the predictions and their absence
does not. The confirmations or disconformations of the model’s predictions
are used to modify the generative, musical algorithms. Usually, confirma-
tion will increase the likelihood that patterns containing changes similar
to those associated with the predicted parsing points will recur and the
musical chunks identified between the parsing boundaries are stored in
memory. Disconfirmation results in these becoming less likely to recur,
and the music is made to evolve by means of stochastic, mutation, or other
transformation procedures. At a certain point in the process, the system
changes state and begins to build hierarchical pattern groupings, based on
predicting successions of previously detected groupings, and testing for
concomitant ERPs. In this way, patterns of patterns emerge and a larger
scale musical form is created. The result is often characterized by emerg-
ing musical forms that converge toward and diverge away from patterned
relationships in sound, following fluctuations in the performer’s attention
and brain processing behavior. Of course, these behaviors can be influenced
by volition and psychological factors. Consequently, the performer rides
a thin line separating the role of being an initiator of change and simply
being part of an evolving, larger system. This view of the performer’s role
gave rise to the title, On Being Invisible. Many years’ work with this system
has led to observations about the genesis of forms, some obvious and uni-
versal, some unique.

Extension—over the axes of experience

Extending a phenomenon over any of the parametric axes used to de-
scribe the phenomenon enables recombinant forms, new forms emerging
by being recombined with delayed or extended versions of themselves and
others. Time need not be the privileged dimension. The production of mass
may come about this way. Mass may be an emergent form, resulting from
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Figure 4. Score diagram from On Being Invisible depicting a system for co-creative per-
formance practice in which forms emerge from a feedback loop enclosing a musical ex-
pert system and inference engine with the brain of a perceiving interacting entity (PIE).

underlying extending and recombining. Communication may be thought
of as mass, the extension and recombination of distinctions through co-
creative, co-participation of autonomous processing agents in feedback
networks.
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Feedback—a hierarchy of inner and outer—internal and external—
perception and synthesis loops results in a network of form-creating
extensions

Each intelligent, processing agent necessarily operates with a hierarchy
of feedback paths connecting its inner and outer worlds, its internal and
external environments, and interacts with these through both perception
and synthesis loops. A hierarchy of feedback paths is created, those indig-
enous to the autonomous agents and those connecting individual agents
in an environment. A network of extensions results from this. The delays
involved produce a succession of events, engendering emergent forms. These
networks may better be viewed as holarchic, that is, seen as a system that
operates as a whole, rather than in a strictly hierarchical, bottom-up or
top-down manner.

Tangible forms emerge naturally in feedback between two or more
information processing agencies

Feedback between two intelligent, information processing systems, al-
beit one is artificial in the On Being Invisible system, creates form. Because
of the stickiness in fields of relatedness described in an earlier section,
feedback creates form also through the process of extension over one or
more axes of description. Furthermore, the combination of spontaneous
generation, analysis, prediction, testing, and storage creates the fine struc-
tures of particular present moments or nows, in which potential configu-
ration spaces collapse into these structures, each with an emergent past,
present, and future.

Delay—distance, prolongation, and directionality in musical per-
formance and history

Delay, thus, becomes a primary principle in the creation of forms. It
extends phenomena and creates substance and possibility for communica-
tion via entities of distinction. However, it may not require us to privilege
the dimension of time. Delay requires first making a distinction. Then,
a translation is made over one or more of the axes of description in any
particular dimensionality. The time axis may not need to be privileged.
Instead, these distinctions and translations may be thought of as existing
in what Julian Barbour calls time capsules (Barbour 1999). They may not
be subject to linear dependency, i.e. sequence in particular orders.
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For many years, I have been involved in experiments with perform-
ance events in which the interacting participants were distributed over
large geographical distances, often on different continents linked by vari-
ous electromagnetic means, all of which involved unavoidable time delays.
These telecommunication concerts included experiments with transmitted
video images, audio information, computer data, and even biological sig-
nals. Instruments in one location were controlled by performance gestures
sensed and transmitted from another. Brainwaves and electrically recorded
muscle signals from performers were sent to control electronic and me-
chanical instruments distributed across continents. Special compositions
were created to purposely exploit the transmission time delays. In one ex-
periment supported by NASA, transmitting electronic signals from dancers’
muscle movements and using them to generate live, electronic music in
a biofeedback paradigm linked two dance companies on opposite coasts of
the US. Another, six-year telecommunication arts project was produced in
collaboration with the Electronic Café International in Santa Monica, my
composer collaborator, Morton Subotnick, and other artists at the Center
for Experiments in Art, Information and Technology at the California
Institute of the Arts with support from AT&T. In events like these, that
which is perceived as the present by distributed performers and audiences
is relative to their own, local reference frame. The results have been fasci-
nating. In every case, the musicians, dancers, actors, and other artists, who
were placed in these situations requiring them to perform together while
being geographically separated, were able to adjust to the emerging artistic
forms that fit naturally within the particular temporal-spatial dynamics.
This was true, even though the concerts perceived by audiences in each
location were necessarily different. The separations, delays, and extensions,
however, were critical to the emergence of each particular form. On an earlier
occasion, I had the opportunity to send musical signals originating from
a studio in Toronto around the Earth through a chain of linked commu-
nication satellites to produce the longest delays I'd experienced in one of
these distributed music events. One could easily imagine vastly extending
the time delays of these concerts into the realm of the time-space scales
of ETC and speculate further on the results. Figure 5 shows visualizations
of musical events separated in time-space with resulting, recombinant
rhythms and the imagined effect of waves of cultural change transmitted,
transformed, received, and recombined over greater scales of time-space.
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Figure 5. Visualizations of recombinant musical rhythms emerging from transmission
and reaction time extensions in time-space and the imagined effect of similar experience
with transmissions reflecting cultural changes over interstellar scales.

So, delay, extension, and recombination are fundamental in the emer-
gence of patterns and forms. Short time delays are often employed in mu-
sical practice to create rich composite forms from relatively simple, initial
patterns. Elongation and prolongation contribute to the evolution of forms
on longer time scales as well. In Western harmonic music, one can describe
the evolution of increasingly complex chromatic forms in the 19" century,
which led eventually to a dissolving of tonality followed by a rebirth of
new kinds of tonal relationships in the 20" century, as having come about
through a process known in music theory as prolongation. The elements
of a simpler, diatonic, harmonic matrix typical of late 18" century music
became stretched and warped as if on a rubber sheet throughout the 19"
and early 20™ centuries. The movement of individual voices in traditional
harmonic motion would be selectively delayed or prolonged, resulting in
increasingly complex, composite chord types. Thus, chromatic music can be
thought of as diatonic music out of sync. A similar progression took place
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during the development of jazz harmony, wherein certain chord voices
would be suspended over new chord tones to produce rich, evolving forms
of increasing complexity. Again, our adaptable hearing mechanisms learned
to incorporate this new complexity into what came to be regarded as nor-
mal practice. In the late 20" century, new forms sometimes referred to as
gradual process music employed delay, prolongation, and recombination
to create forms that emerged from the slow evolution of patterns over ex-
tended time frames. (The use of the word minimalism to describe this music
is, in my view, misleading.) These processes in musical evolution remind
us of a related phenomenon in the evolution of biological morphologies.
Here, the time is increased during which a particular part of an organism,
—such as a selected organ like the brain—, is allowed to develop before
the individual reaches maturation, allowing that part to grow larger or
more complex. Thus, we have selective delay in the maturing of body parts
changing the form of the organism.

Such distortions of normal experience with time can lead to profound
questions based on real experience. For example, without raising issues
about the arrow of time, we may examine directionality in our percep-
tion of spatial dimensions. Our ideas about direction may be tied to the
fact that we have eyes only in the front of our heads. If we had eyes in the
backs of our heads as well and brains capable of computing experiences
commensurate with completely spherical vision, our worldview may be
quite different. We may not give such distinction to the ideas of ahead
and behind. This applies to our experience of time as well. We synthesize
memories by making correlations in one temporal direction, giving rise
to the concept of succession and the distinction of before from after. Of
course, these are only given meaning with respect to any particular now
or present moment. We believe we can see back in time by looking into
deep space. Perhaps, however, the topology of space may be different from
what we suspect, and fields may bend back on themselves. Perhaps time
is expressed through a holarchy of cycles of varying scales, returning to
any origin in a topology of nested, closed, naked curves. Some cosmolo-
gists have proposed universes with finite, periodic characteristics (Overbye
2003). Perhaps we can imagine a world in which we possessed a “time eye
in the back of the head” (Rosenboom 1984a and 1984b). We may speculate
on what this could mean for ETC.
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Emergence—emerging forms are a fundamental practice in music mak-

ing
Co-creation may be the only way intelligent entities not sharing a com-

mon language can communicate. In so doing, they create the basis for new
language. Such practice is common in music making. Today, the growth of
electronic communication networks has given rise to a new phase of experi-
mentation in this regard. New music is being created involving interactiv-
ity with audiences on the World Wide Web, often employing artificial life

(A-life) systems in complex, evolving structures. An interesting example,

called Verbarium is an interactive work containing all these components

(Sommerer and Mignonneau 2002). Mechanisms of evolution, including

emergence of structures, selection and adaptation are all involved. It may

be an important principle in ETC to create interactive, not fixed, messages
that communicate our current understandings about the emergence of life
and what we consider both life and intelligence to be.

« Some principles of emergent forms in art and music follow from work
like this and the On Being Invisible system.Phase transitions toward
complex structures in the system’s dynamics occur at critical points in
the process.

o A multiplicity of interacting parts is needed.

» Recognition of differentiation among parts is required along with the
simultaneous understanding of higher-order unity.

o System components, like living organisms, include two essential com-
ponents: 1) something that synthesizes their internal components and
outputs, and 2) marked states that differentiate them from each other.

o DPrediction and memory become part of the description of any present
moment.

o What is perceived as complex is relative to the observer’s perceptual
reference scale.

« Extension and prolongation lead to nested, local cycles and larger, global
hypercycles in an emerging structure.

o Power law scaling among components on small local and large-scale
global extensions enables the system to exhibit metastability, common
functioning over a wide range while considerable variation and adapt-
ability takes place among behaviors on each individual scale (Kelso
1995).
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We may speculate about the point at which the system’s behavior reaches
a critical transition resulting in the emergence of something we recognize
as intelligence.

Apprehending musical forms and its relationship
to recognizing interstellar messages

Sound, perception, hearing, listening, and music—how are they dis-
tinguished in experience?

Perhaps it may be useful to place sound, perception, hearing, and lis-
tening in a possible landscape of experience. Here’s an attempt. Sound is
simply things as they are. Auditory perception is a bridge between sound
and hearing, a link between the nature of things and experience. Hearing
is observing our sensory input in its totality and knowing our mechanisms
for synthesizing memory engrams, our inner representations for sound ex-
periences. Listening is active practice with the interaction of our own nature
and sound as it is. If we are making music, we are being ourselves with the
decisions and actions we make in order to invent inner and outer worlds in-
volving sound. Practicing music making involves attempting to know and
understand these decisions and actions.

Music as something we do with sound—i.e. waves

Waves are the physical stuff of music—acoustic waves, to be sure, but
waves nonetheless. Drama and emotional content is installed in interfer-
ence patterns, bending pitches in a tonal context, complex harmonic ratio
structures, difference tones, and in the West, consonance and dissonance.
All this is molded with the clay of waves, often emanating from sentient
beings doing physical things. Acoustic experience involves modular com-
binations of waveforms, probabilities of prediction—engendering temporal
direction—, vibrations in essential tensions among displacements and dis-
equilibrium states seeking equilibrium—evoking past and future—, mul-
tiple dimensions of description, resonance phenomena, and the emergent
geometries within which influences are propagated. Musical solitons, wave-
form entities that maintain structural integrity while passing through each
other take on special meaning.
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Waves and auditory knowledge

Nothing exists in isolation in music. It is no wonder that relationships
among centers of gravity in the universe have been likened for centuries
to musical relationships, i.e. music of the spheres (Kepler 1618). Anything
identifiable exists in interaction with other things, and directionality as-
cribed to the propagation of apparent causes may have validity only for
limited localities. Wave models can offer mental challenges, such as the
physical phenomenon of anomalous dispersion in which the energy carried
by a wave travels in a direction opposite to the wave’s propagation and the
possibility of a reverse Doppler effect. What is the import of these ideas for
our evolving views of the cosmos?

A synthesis of auditory knowledge, wave interactions, resonance, tun-
ing, coupling of systems, and so on are critical to deeply understand the the-
ories of music. Helmholtz provided a landmark compendium (Helmholtz
1954), which guided developments for a long time, and recently, Chalmers
has provided an important recasting of the enormous importance of tun-
ing in the modern context (Chalmers 1993). To complement this acoustic
understanding, we need to add the cognitive domains involved in how we
build internal representations of auditory scenes (Bregman 1990). This in-
volves acquiring comprehensive knowledge of sound worlds, how physical
and temporal boundaries are perceived, how auditory coherence is synthe-
sized, what contributes to perceiving continuity, how auditory streams are
segmented, fused, and grouped, and understand the difference between
the musical and psychoacoustical meanings of things like dissonance and
harmonicity.

Relying on wave spectra in communicating messages and interactive
processes—a musical perspective

As with the physical principle of least action, it may be a quality of
intelligence to put constraints on processes so as to minimize the energy
required to implement them. In relying on wave spectra for communication
and interaction, we find a tendency to gravitate toward simple harmonic
ratios. This may be because such relationships require less energy on the
part of the processing entity, such as the brain, to recognize and compute
them. Imbedding more information in harmonic structures requires em-
ploying higher overtones with more complex frequency ratios, increasing
the processing time and energy. Modulating these with information not
easily related to the waveform structure further abstracts the relationship
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between the information imbedded in the waves and the structure of the
wave complex itself. Perhaps, working with the structure of the wave com-
plex as a message would be a fruitful direction in designing messages for
ETC.

The point of view of waves

Thinking in relativistic terms and imagining the point of view of a mass-
less entity like a light wave traveling at the presumed speed limit of the uni-
verse as if it were an organic being, such a wave would perceive zero time
passing as it travels from point to point. This raises a conceptual difficulty in
thinking about what it means to define a frequency for a waveform without
invoking measurement against a hidden, absolute background clock. Space,
time, distance, scale, and resultant causality seem to be emergent prop-
erties. They appear as a kind of coagulation of distinguishable, extended
phenomena, each with its own, independent, emergent time-space. The
coagulation of such phenomena into mass or memory seems to require
a slowing down, but slowing down with reference to what? Perceiving a fre-
quency—a pattern or structure that repeats—requires time, memory, and
the ability to compare a past with a present. Furthermore, either the wave
must move in some sense past the perceiver or the perceiver must move
past a fixed, or standing pattern. Another way to reveal the frequency of an
acoustic wave to an observer is to enclose the wave in a bounded medium,
such as a string with fixed endpoints, a drum head, a concert hall, a canyon,
a limited atmosphere, or a box of air, within which wave structures form,
as energy is imparted into the system, reflect off boundaries, and interact
as they dissipate the non-equilibrium state of the system and return it to
equilibrium. Perhaps we should ponder these conundrums in imagining
how to best imbed the content of messages inside the structure of waves.
Can we communicate the state of our knowledge about the universe by the
way in which we use waves themselves?

Perhaps all that we perceive as stuff—the masses, memories, and energy
that often have underlying waveform descriptions—is information super-
imposed on one underlying principle. This unfolding is the modulation of
that principle—introducing time—through the information. Modulation
involves cause-effect-action-perpetuation dualities. Again, we have a cog-
nitive dilemma. The creation of motion and the creation of space are com-
plementary, congruent, and equivalent, as are energy, matter, and time,
components into which we dissect experience. We are organisms whose
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particular arrangements of EMTS compute a self-contained image of time
through transience. It may not be a reasonable assumption that other lo-
calizations—local concentrations—of life would be constructed so as to
manifest the same invention of time. Memories are that part of who we are
today, which we choose to label as belonging to a concept we synthesize
from the likelihood or probabilities we compute for how the present we ex-
perience might be organized, and call the past. It follows that from the point
of view of the now we experience, movement toward the past equates with
moving toward the improbable, and movement toward the future equates
with moving toward the probable. Each being may be thought of as an ar-
ticulation of intricately related and self-organized compactings of polarity
elements — like virtual particles emerging from a vacuum potential —,
which moves in a configuration space of these elements constantly reor-
ganizing and incorporating them into its ineffable form. Other than that,
greater, impenetrable substance may be illusory.

Notation—its role in co-creation

Notation in music, a relative fixing of forms in musical artifacts, plays
a variety of roles in this context. It is related to our discussion about waves,
because both deal with diagramming time. Both involve metaphors for
time. A convenient collection of interesting examples of 20™ century nota-
tion can be found in (Cage 1969) and other sources.

Notation and time

It is not clear at what point this began, but musicians can be credited for
having invented some of the earliest parametric-time graphs as notation.
Music involves a succession of events, and early notation may have been no
more that a list of events to take place, one after the other. At some point,
the idea occurred to conceive of the passage of time on a linear, spatial
axis, and, eventually, to give it a scale of values. However, this is not the
only way. Consider the possibilities for choosing other parametric axes to
distinguish as the axes of differentiation—the axes for the derivative—the
dimension of difference

In the 20™ century, composers began experimenting with ways to sepa-
rate the dimension of time from various musical actions. The American
composer, Earl Brown, experimented extensively with notation in which
time is not indicated mechanistically, as it is in common rhythm nota-
tions. In Brown, it is articulated, but not interpreted, for each performer.
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Consequently, performers of this music become intensely aware of the over-
all, ensemble result that grows out of individual decisions, and how the
sounds made or actions performed contribute to the construction of a time
form that emerges. His notations involve improvisation in an open-form
compositional structure. This profoundly changes the way in which the
performers interact with the composition, the audience, and the perform-
ance experience. [See (Cope 1989 and Gann 1997) for more descriptions.]

Notation as an evolving, interactive medium

Other approaches to notation make it an interactive medium with re-
sults that evolve. In my work, A Precipice in Time (Rosenboom 1966 and
1991), notations with measured degrees of freedom were created by begin-
ning with relatively standard notation figures and systematically stripping
off layers of specificity to make a play with kinds of openness that still
maintains the integrity of the counterpoint and transformations of shapes
involved. This work also employs a system of proportions spanning all of
its temporal scales, from the length of the piece, which determines the
longest possible, fundamental wavelength in the musical construction,
up through the smallest time scales of its acoustic structures, and finally
to the light frequencies (colors) with which parts of the performance are
to be seen. A more recent work, Naked Curvature, (four memories of the
Daimon) (Rosenboom 2001), presents the musicians a large, modular score
with music, text, and interactive software components that can be assem-
bled and reassembled to make the form of each particular performance
emerge from the musicians interactions with each other. A large work by
Karlheinz Stockhausen, Plus minus, 2 x 7 seiten fiir ausarbeitungen, nr. 14
(Stockhausen 1965), offers a huge construction kit, in which performers are
given elements and rules for constructing their own, complete, individual
compositions. Figure 6 shows a page from another of my compositions, In
the Beginning: Etude III, in which the wave shapes of sentic forms, record-
ed initially in the neuro-musculature of individuals expressing emotions
through physical gestures, are plotted in a temporal construction that is
adaptable to a variety of performance mediums and scales. The essential el-
ements that are preserved in the notation are the forms of gestures and how
they are placed in counterpoint articulating a proportional time stucture.
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Figure 6. Score page from In the Beginning: Etude III in which sentic waveforms as-
sociated with various emotions and thought to be fundamental in the brain's feature
processing are drawn on time vs. pitch height graphs; numbers indicate proportions
for duration and gesture rhythms; score could be realized in almost any performance
medium.

Musical notation can, thus, be pliable, flexible, interactive, and adaptable
to contexts. The signifiers of notation can be adaptive and not regarded as
fixed artifacts. Message designing for ETC might benefit from consider-
ing content that is less iconic and fixed in meaning than has been used
in the past. In a marvelous treatise on notation (Gaburo 1977), Virginia
Gaburo describes musical notation as a constantly changing, living, entity
in which the generalized identity of things is derived moment to moment
only through “that which is agreed to be significant by a particular linguis-
tic community.” That is, notation acquires its functionality and meaning
through communal, co-creation.

More about time and how music can help
Psychological context of time in music

Music is an art form in which time is manufactured. Music is not of
time, —though it is thought of as a time-based art form —, music creates
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time. Temporality is a domain of expression about the relationships we
perceive among distinguishable entities that involves memory—the coagu-
lation of successive experiences—like mass is a coagulation of time-space.

Musical manipulation of perceived time

Music manipulates perceived time (Epstein 1995). Time delays and
phase shifts in human action synthesis and physical reflexes, —a vast per-
sistent structure that attempts to maintain, refine, and strengthen itself
through repetition —, helps structure time as musicians experience it in
performance (Kelso 1995). The brain’s cerebellum is heavily involved in
learning musical action algorithms and giving them temporal order. The
temporal fine structure of its highly parallel, computation capacities is
tuned and ordered through practice and is subject to the limits of process-
ing delays. These delays help separate events in succession.

It is hypothesized that there is a temporal fine structure in the brain lim-
iting the speed with which successive perceptual chunks can be processed
(Epstein 1995). Various theorists have used values in the range of 20-40
milliseconds, with 33 milliseconds gaining a certain preference by some.
As we examine how perception and learning function on increasingly ex-
tended time scales, we find that both operate similarly across a wide range
described by power law scaling, which means they have no characteristic
time scale (Kelso 1995). For example, typically, when a person listens to a re-
petitive stimulus, perception initially locks to that stimulus, but eventually
shifts intermittently. Kelso found that the time during which such a percept
is maintained in the brain before it switches to another can be described
by a power law relating the duration of this event to the number of times
it has occurred, and that this applies over several orders of magnitude.
Experiments with an even greater range of scales may be in order. Through
malleable time forms in composition, musicians work actively with these
processing limits and scaling factors to change intuitions about temporality,
duration, and speed. Varieties in speeds are used to change time perceptions
and establish dramatic structure. These speeds evoke emotion- thought
feedback processes encouraging assignment of meaning.

The fine structure of the musical present

Large-scale time forms emerge from concrete details at smaller scales.
These details are calculated in the brain, which makes decisions about the
order of things on many scales (Austin 1998). The decisions may or may
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not correspond to the order of events inferred by other observers. Many
factors are involved in constructing time capsules associated with what is
called the psychological moment. These are intimately tied with developing
a concept of self. The image of self requires a sense of temporal order on
the short-term scales of perception and the long-term scales constructed
in association with memory. The brain receives energy activations from
the senses, parses these into potentially useful units and, then, proceeds to
construct a sequence ordering for these units. It is important to emphasize
that this is constructed, emergent time. Time is inferred from things, and
this is critical to the development of a self-image. Other forms of intel-
ligence, which may have different means of constructing self-images, may
have radically different relationships to time.

Our experience with both the temporal present and musical moments
have detailed fine structures. We think of tangible, temporal forms often
as being teleological. They are directed toward target goal states. Extension
and prolongation create durations, which support this. Duration gives us
a measure of difference. However, a musical piece is a time-space con-
struction that does not require a global background. It establishes its own
internal structure as a succession of time capsules within configuration
spaces. In communication, these are co-creative instants, recognized in
particular manifestations of each now. Each has its own fine structure, con-
sisting of its own past, its own present, and its own future. In other nows,
this fine structure is completely different. Different constructed pasts and
projected futures distinguish different nows. Musical pasts are synthesized
in memory and are strongly related to forms existing out-of- time. Creating
a past is part of skilled musical practice. It places the present in the context
of a constructed past. Correlations over past time coupled with directional
predictions create each particular, projected future, which resides in each
moment. Our information and correlation systems enable prediction, ex-
pectation, and by extension, confirmation of predictions or disconfirmation
and surprise. These are all part of each now (Figure 7). [Consult (Jantsch
1980) for an insightful description of the fine structure of the temporal
present.] Our models of entropy and correlation provide analytical tools
and give directionality to what we call experience (Lindgren 1991)

Memories are filters, but possibly not always in-time. They are also not
absolute or literal records, but means with which to synthesize experi-
ences that somehow contain coincident structures with other recognized
experiences, but again, maybe not in-time. Memories are that part of who
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Timeless present moment

Expanded into a fine
structure with duration,
including correlations and
projections as part of now.

Past — Now A Future

Figure 7: Fine structure of a temporal present, a now; see (Jantsch 1980) for elaboration.

Figure 8: Notation excerpt from Golden Gestures (Rosenboom 1984), showing a phrase
or gesture that can be oriented in time-space in any way and realized by any performing
forces; adaptable symbols are defined in the score according to a system for describing
the beginnings and ends of events and how they evolve through the course of their
duration.
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we are today (now), which we choose to label as belonging to a concept
we synthesize and call the past. That’s also how we create perceptions of
musical forms.

Some musical forms are not tied to an arrow of time. In these forms,
correlation doesn’t automatically imply cause. Some are symmetrical forms
that do not change when we change the temporal direction of execut-
ing them (Figure 8), some are entirely cyclical with no beginning or end
(Figure 9), and some are forms made available to be scanned in a wide
variety of ways (Figure 10). These interpretive actions collapse the forms
into a local temporal arrow upon realization in a particular performance.

As unseen presumptions about time can limit our potential experiences
of music, hidden predictions imbedded in ETC message design may also
become problematic. It is very difficult to avoid them.
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Figure 9: Page from manuscript of Zones of Influence, Part HI, Closed Attracting
Trajectories for percussionist and interactive, computer music system (Rosenboom
1983-1984), depicting an array of endless, cyclical functions that tell the performer how
probabilities change in the way the computer system may respond to what (s)he plays.
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A section of extreme range improvisation—play within a ,moving window* of seven
notes, starting with the first group of seven, then dropping the first note and adding
a new one. and so on throughout the part. Make the improvisation with these note
groups. Move the window at will, staying fairly close together, but not coordinated. Look
for lines, linear streams within them. Select noes from chords at will. Each chord counts
as one note within the window. Play the notes that are in your range, don’t transpose.
Cello has the option to improvise freely against this, out of time, as a solo line. The
curves in each cell indicate fluctuations in speed over an extreme range. Always use
these in articulating each group of seven. When moving into a new cell, adopt the new
speed curve and dynamic. These should produce a commonality in gestures, a kind
of tempo melody articulated by all. but not synchronously. Percussion may add non-
pitched instruments, but stay within the time structure. This should be very energetic,
even when soft.

Naked Curvature, Part 5.2: Sevens Transfoarmations David Rosenboom
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Figure 10: Score page from Naked Curvature (Four Memories of the Daimon)
(Rosenboom 2001) for six instruments, whispering voices, and interactive electronics,
showing array of pitch materials to be scanned by each performer through a moving
window of selections; curves show tempo melodies, gestures of speeding up and slowing
down, with which each performer articulates their window’s time frames.

Communicating the current state of our understanding about
time as an integral part of message construction

Engaging an ETI with our understanding of temporality, possibly
through interactive, co- creative, emergent process of communication,
may be fundamental in revealing our nature. The more we contemplate
this, the more it seems time does not flow like a river with us riding upon
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it. We, and everything else, create emergent time with every fluctuation of
energy or essential, elastic tension with which we are associated. Music is
a perfect medium within which to explore how we cognize time. We live
daily with our concept of years, relating only to our spinning Earth, and
our physical-mental programs giving everything order and succession in
this local context. For an ETT there may not be a correspondence of real-
ity with the succession of events emanating from sequential algorithms,
whether they are embodied in organic structures or computers. We are
organisms whose particular arrangements of the congruent quantifiers of
EMTS compute a self-contained image of time through transience. It may
not be a reasonable assumption that other localizations-local concentra-
tions—of life would be constructed so as to manifest the same invention
of time. The time problem in ETC is also entwined—entangled— with
the meanings of absolute scale and the meaning of distance. Space may be
one of the qualities we use to separate the simultaneity of all experience
into non-simultaneous events and could be an illusion as much as time.
It certainly seems to be a primary metaphor for distinguishing things and
enables change to be understood metaphorically in terms of motion (Lakoff
and Nunez 2000).

Some musical forms attempt to squeeze distances together in perception
and cognition, resulting in simultaneities and meaningful coincidences
among events that would otherwise be viewed as distinct. Some of the
mechanisms involve fusing elements in perception by psychoacoustic
means, resonant coupling of otherwise separate systems, exploiting un-
predictable, opportunistic, rhythmic (time) coincidences, and other asso-
ciations that are instrumental in perceiving forms. I and other composers
have experimented with collapsing spatial distances by means of highspeed
telecommunications or by exploring means for coordinating concurrent,
physically separated performances with notations or instructions that al-
low for open interaction with what musicians imagine to be taking place
in each location. Then, different mixtures of the resultant music may be
transmitted to the separate locations. The musicians may later compare
their experiences.

Creative co-communication may be comprised of co-creative instances
recognized in the resonances occurring among all distinguished entities
in any now. A fibrous view of time-space emerges in which networks of
resonant couplings manifest independent, localized time-spaces for each
coupling, replacing the need for a global, background reference field
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(Figure 11). Each of us may be individually comprised of and determined
by configuration spaces for the entire universe, manifested from each par-
ticular, unforeseeable point of view through such resonances. Since each
has a different experience, a different now, what we think of as temporal
realities are individually synthesized. Of course, a timeless view of physi-
cal reality requires a complete reconsideration of gravity. In combination
with timeless quantum theory a surprising picture emerges. Probabilities
only come into play because when the wave field equations are applied to
a timeless configuration space, —an abstract but not featureless space, not
including time, but linking the dimensions needed to describe relation-
ships among differentiated things and to produce simultaneous possibili-
ties for any now—, a differentiated observer who is also part of the whole
thing must have a way to choose just one of these possibilities. Gravity,
being attractive, but also possibly in a counterpoint of tension with dark
energy, becomes a source of the otherwise highly improbable order we
see all around us in nature. Entropy would otherwise make such order

Third level local
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Figure 11. Fibrous nature of time-space: relationships created along network of imaginary
lines connecting differentiated local symmetry systems with strong or weak resonant
coupling; web of connections on different extents, each manifesting its own, local, time-
space, replaces concept of global background field.
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unbelievably unlikely. Another idea is to view space and its physical limits
— (ex. maximum speed for electromagnetic motion)—as a kind of glue—
an EMTS stickiness again—that binds things together through a set of rules
(Barbour 1999) that are purely cognitive inventions. Of course, it’s terribly
hard to describe what can appear to be a clear vision of this. That’s part of
the art and practice needed in ETC message design.

Within a model of the universe wherein absolute distance has been
eliminated, and consequently, absolute size has no meaning, communica-
tion over large time-space quantities may be psychologically manageable
and the natural way of things. The cognitive logic we use to handle succes-
sion among events would be different, however. A shift in consciousness
necessary to absorb this—with hard inner work—would also be required
in order to grasp the naturalness of the new kinds of content such com-
munications may carry. At present, I know of no other way to arrive at this
than by application of hard inner work on understanding the vast part of
our consciousness that is so much greater in extent than the much smaller,
thinking and interacting mind on which we normally rely. Here, greater
and extent apply to aspects of consciousness for which we struggle to find
a language of description. It is our apprehension of our self—and the meta-
phors we use to describe it—, our consciousness of our consciousness, in
turn apprehending the world that produces the soil from which the laws
of physics grow. Thus, they will always be limited by the extent of our own
self-knowledge.

The problem of concrete forms in communication

Meaning plus structure produces form. Isn’t it interesting how each
generation and culture finds its utterances, words, to connect with emotions
and feelings. We witness the development of language all the time; a kind
of emotional syntax is developed to go with semantics and the binding of
structure with feeling.

In the 1950, Charles Osgood and collaborators developed powerful
techniques using multidimensional scaling to create maps of the internal
semantic structure of individuals (Osgood 1957). These explored how signs
can become related to their significants. Combined with parallel devel-
opments in methods for evaluating the content of messages, particularly
those in the media, (Pool 1959), effective tools for exploring how meaning
structures are formed were created. They also underscored the degree to
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which seemingly fundamental assignments of meaning within individual
languages can vary across individuals. We can construct relationships of
signs to significants, as in composition, and these relationships can be de-
veloped through associations. Consideration of how meaning may be at-
tached to pictorial components in interstellar messages has been given in
(Vakoch 2000).

The requirement of concurrent imagination for the recognition
of signs and labels

For ETC, this points up a problem with sending signs of things. To
accurately represent an object, the communication object must be the
thing itself, rather than a sign of a significant. The sign and the significant
are distinct. The sign is illusory. The relationship between them has to be
imagined. Communication, then, only takes place if the imaginations of
the various parties in communication are the same. For human beings on
Earth, this may not seem important. For intelligences that could be vastly
different from humans, it may be a serious matter. Different intelligences
may attach different meanings to things themselves, of course, further ex-
acerbating the problem of relying on signs.

An approach to correcting the problem might be to imbed the thing
being communicated about inside the structure of the medium of com-
munication. Music involving emergent processes may provide examples.
The forms that emerge from these processes are the things themselves. No
frozen representation of signs, such as musical symbols, could represent the
object. The essence of music like this lies in being immersed in an emergent,
dynamical process with all its attendant layers, which may include oppor-
tunities to apply particular meanings and drama to the generalized forms.
The process is offered to others as an invitation to experience the object
in interactive, co-creation, not in a set of fixed signs requiring referential
speculation. A principle of extreme importance in message design is to
recognizing the individual synthesis of apprehensions, perceptions, and
understandings in the recognition of signs.

Relationship of this to the incommensurability problem

The problem of interpretation of signs and the problem of their re-
quiring concurrent imagination among two or more beings for mutual un-
derstanding is directly related to the much discussed incommensurability
problem in ETC (Vakoch 1998). A challenge for ETC message design is
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to overcome hidden requirements for and presumptions about mutually
understood views of reality among senders and receivers before any under-
standing to take place. Nevertheless, as communication develops, it may
be important to build some consensus views that incorporate both those
of the senders and receivers. A possible solution may be to send dynami-
cal objects that unfold, not icons. Make the dynamical objects interactive
so that their evolution is co- creative and both parties share in the results.
Make the dynamical objects model the state of our understanding about
evolutionary succession and the emergence of time-space. For example,
interactive, evolving automata with variable time-space scales and outputs
synthesized in displays covering wave spectra from very long times to light
frequencies and beyond might be an approach worth considering.

The two-way-ness of communication

Communication requires two-way co-creation to exist in any form.
Communication is a form of relatedness and an interaction that brings
about new forms. The emergent forms of our culture provide many exam-
ples. Even large-scale, cultural forms like cities can be thought of as emer-
gent patterns in time, an aspect of hidden order (Holland 1995). It could be
that merely by existing in the context of our large-scale environment of the
universe we may already be in communication with more than we know,
a state of mutual inter-affecting over large time-space scales. Time-space
limitations may constrain our conscious apprehension of this within short
life spans. For ETC, we are better off not sending labels, but rather, sending
processes that unfold and invite response. Labels rely on the coincidence
of imaginations and are one-way. We could draw on the two-way music of
active, co-creative processes in ETC.

Practical steps

The time bases of information patterns contained in electromagnetic
spectra from other intelligences could be very different than our own.
Intelligence may exist on a wide range of time scales. Perhaps, we should
be doing long-time-base correlation studies in SETT listening experiments.
The enormous capacity for archival storage of signal information required
in very- long-time-base correlation studies may require cooperation across
long-time-scale cultural lineages. This amounts to making the search a cul-
tural tradition to be maintained. We must be able to develop trans-gen-
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erational, cultural ownership of SETI in order to be ready—on both our
own and ETTs evolutionary time scales—to participate in ETT interactions.

Forms of information that become increasingly separated, in reference
to the local time scales associated with the biological concentration of the
observer, may seem unlinked. This may not be the case. We must develop
the ability to imagine links when the separation is much, much greater, and
then imagine drawing all the separated forms of information back together,
possibly creating a total simultaneity, in which everything is linked. This
is a mental exercise in opening the doors to refining our analytical skills.
These speculations and observations lead to a selection of ideas for practical
steps in considering ETC message recognition and design.

Interactivity

The value of composing messages that encourage active involvement
and co-creation by the recipients

Examples of co-creative, interactive music systems abound. Many that
employ electronic media are described in (Chadabe 1997). Co-creative
strategies emphasizing improvisation and including interacting species are
described in (Zorn 2000). A section on interactive music in (Gann 1997)
describes several of my works, including Systems of Judgment (Rosenboom
1989a), which make use of compositional concept spaces, in this particular
case, mapping several views about the evolution of language and how they
interact in the emergence of the compositional form. This is shown in
Figure 12. The idea may have a bearing on possible message designs.

Other works I've written, also described in that text, involve envi-
ronments for improvisation and organically grown music from seeded
plans that are animated in performance. Various postCage’ conceptual-
ists in America, for example, the Sonic Arts Union, David Tudor, Richard
Teitelbaum, George Lewis, and many others have employed interactivity
as an energizer of musical evolution and the field is very broad and vigor-
ously active. These examples underscore the value of communicating by
means of co-creative processes. The results produce shared experiences
that emanate from all the linked parties and do not depend upon one-way
transmission of icons or signs, which are hard to interpret because there
is no co-ownership.

Time-space scales of interactive processes
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Hypothetical Composition
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Figure 12. Example of musical concept space depicting top-level organization in Systems
of Judgment (Rosenboom 1989a); three ways of viewing the possible evolution of langua-
ge are shown on three spatial axes. Compositional form moves in time along composition
form trajectory, mixing music that is symbolic of the three views in different amounts
to produce the final composition.

Again, the time-space scales required for ETC interaction may be large,
larger than our lifetimes. Consequently, we may not have been looking
long enough at this point in history to know if some ETC interaction isn’t
already happening. Perhaps, though, our collective consciousness can be
much larger than ourselves as individuals. To bring things into our indi-
vidual, time-space scales, so that we can know that something is occurring
in a particular now, involves employing a distinguished simplifier (Barbour
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1999) to collapse a configuration space into that now. Most of the time, that
distinguished simplifier is our own self-reference. To keep in our minds
some idea of distance scales in the universe, the size of a super-string is
about 10-* centimeters, and the size of some of the more distant galaxies
we've studied is about 10% meters (10" light years). Within our own brains,
the size of a neural synapse is about 1 micron and the cortex is about 30
centimeters across. A transformation of consciousness may be needed to
enable us to conceive life as substantial and mentally palpable on a larger
range of time-space scales. The small-scale, local individual may be main-
tained as an energy source to fuel the broader, vaster consciousness without
loosing the distinguished individual.

Information may also be packed into tiny time-space scales. A general
principle suggests that the smaller the dimensionality and time-space scales
of a physical phenomenon the more energy or essential tension is packed
inside that distinguished entity. It is thought that unimaginably huge
amounts of energy are packed inside the tiniest super-strings. This may
also apply on communication-information dimensions. If the parameters of
an energetic impulse can be known with enough precision, their values can
encode large amounts of information. Thus, the parameters of a singularity
could contain enough information to model a universe. Interactive music
constructions, particularly those involving networked interactions over
long time-scales along with those involving micro-sounds (Roads 2002),
can offer help in extending our normal range of apprehensions.

Music of participatory forms and interactions in time

Thinking within the confines of communications initially limited to
electromagnetic field transmissions, participatory forms of music involving
message completion come to mind. Recipients could be invited to partici-
pate in extending open-ended, incomplete patterns or fragmented images
with multiple possibilities for co-creative completion. First, an incomplete
pattern would be sent. Next, suggested ways to extend or complete the
patterns would follow. Then, more beginnings of incomplete patterns
would be sent to invite recipients to join in by inventing ways to complete
them. Communications with rhythms would be particularly appropriate.
Patterns could be sent and, then, subsequently elaborated in modular fash-
ion, in the way composite rhythms are often built up in African drumming,
Latin American rhythms, Indian music, and some kinds of contemporary
Western percussion, for example. Then, basic patterns would be resent,
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inviting participatory elaboration. Such things are easy to compose and
might provide good, beginning steps towards interactivity. Drawing on the
many cyclical, gradual process, musical forms from the past half-century
or so, patterns with delayed, recombinant time forms could be composed
for ETC, suggesting how patterns could be recombined with themselves
by the participants to extend the structures they receive.

Making use of inherent delays in recombinant forms could illustrate the
idea of creating communication mass analogous to the time-space sticki-
ness underlying the emergence of substantive forms. These could also lead
to illustrating emergence by means of resonance with delayed waveforms,
in which selected harmonic components are reinforced or reduced during
recombination. As noted before, waveforms are ideal for imbedding mes-
sage content in the structure of the communication medium. Harmonic
structures, timbres, tonalities, and tunings may illustrate a host of funda-
mental physical principles, as we understand them. Musical drones—which
are never really static—could be sent with information imbedded in the
structures of their moving overtones. These should not be thought of as
limited to the time scales of acoustic waves on earth. Rather the waveforms
used should cover a very large range of time- scales. Perhaps, harmonic
fundamentals, or the longest possible waves in a structure, could be chosen
according to the physical aspects of local star systems, target star systems, or
even to the dimensions of possible, closed forms for the universe, (perhaps,
a toroidal form folding back on itself).

Messages could be constructed inviting recipients to participate in elab-
orating pattern combinations by inserting additional material in rhythms
(hocketing), adding accompaniments, or adding new material to existing
accompaniments. Harmonies built of basic waveform types with sequences
could also be constructed and sent with beginnings, completions—like
cadences — , and then, more beginnings with open-ended possibilities
for continuing the sequences. This might lead to similar experiments with
language forms, mimicking natural language learning paradigms. Messages
containing gesture shapes in time, perhaps encoded in waveform structures
may provide important content. These shapes may also be transformed
and recombined to illustrate the origins of language. Interactive versions
of gesture transforming systems could be devised as well.

Experienced performing arts teachers often work by: 1) demonstrating,
2) waiting for imitation, and then 3) continuing to perform with the learner.
Message paradigms drawing on this well tested, interactive, pedagogical
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technique could be developed. Message completion might also be one way
to work with visual forms, perhaps drawing on examples from biological
morphology. Such forms could be sent first in complete form and, then, in
incomplete form, inviting speculation on possible evolutionary outcomes.
All of this might also take the form of play, playing with ETI in a grand
improvisation. After all, playing is one of the most important forms of
interactive, human learning.

Music of emerging forms and interactions out of time

Examples of Internet-based art and music hint at extending the scales of
forms of interactivity. They also emphasize many to many communication
paradigms, interactive communication among groups of participants, in
addition to the familiar one to one models we tend to emphasize in engi-
neering and psychology. Some practitioners have found that when par-
ticipants work together on collaborative projects by interacting with tan-
gible, co-creative, emerging forms, the results are more fruitful than when
individuals work with their separate, computer-based production tools,
even though the outputs from these tools can be shared (Popat and Smith-
Autard 2002). Possibly these make for more open and longer time-scale,
human-to-human interactions (Hinkle-Turner 1999). Abandoning the idea
of the temporal river that flows, a multiplicity of relating forms seems to
drive the emergence of time in several Internet-based music systems, ti-
tled Cathedral, Integer, FMOL, and Telemusic (Tanzi 2001). The scaling of
listening times in these musical examples can assume dimensions suiting
individual, interactive situations and are not artificially bounded. Temporal
reasoning is not driven by any pre-imposed structure. Interactive music
in this form becomes a landscape of multiple possibilities and opportuni-
ties. Musical configuration spaces, often used in out-of-time musical nota-
tion, could be recast in interactive, electronic form such that the recipients
could collapse them into realizations with co-participation. The observers
or message receivers in the case of ETC would be able to create their own
realities within a co-evolving system of this kind and, thereby, learn its
characteristics. These very characteristics may, indeed, be the message sent!

Scales of biological information processing, linked events, and the brain

In his analysis of dynamical patterns in self-organizing systems, Kelso
stresses the conclusion that linkage between coherent events at different
scales of observation is by virtue of the underlying, shared dynamics that
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produce them (Kelso 1995). This suggests that correlations and covariance
observed on a broad range of scales may result from common, underlying
phenomena. It is also suggested further that it may be possible to derive
clues about broad-scale, temporal-spatial, co-creation in ETC on various
individual scales of extent. The time scales of information processing in the
brain range from about 1 millisecond at the level of the synapse to about
200 seconds at the level of the cortex, extended, of course, by memory to
encompass the lifetime of the organism. We may also speculate on the in-
formation processing time scales of the biomass. Clues to self-organizing
dynamics may be found at any particular level of analysis. Patterns cre-
ated by oscillations generally result from collective phenomena and the
significance of oscillations do not become apparent until they are cou-
pled or temporally correlated with other events on various scales. This is
seen in tendencies towards phase locking and frequency synchronization
reminiscent of resonant phenomena. Kelso also observes, however, that
power law scaling is typically a sign of long-range, temporal anticorrela-
tion, emphasizing the variation and adaptability of phenomena needed on
an event-to-event basis to keep systems from becoming inflexible. Degrees
of correlation on various spatial and temporal scales reflect this as well.

In order to design forms of communication applicable to an extended
range of time-space processes, we need modeling tools that also apply over
an extended range of interacting, local and global phenomena. Recently,
new local/global, dynamical theories of brain function have emerged in
which distinct, but interacting, local processes drive bottom-up, macro-
scopic, global dynamics observed in electrical brain activity, and global
processes arising from functional integration facilitate top-down, synchro-
nous activity in cell groups simultaneously on a range of spatial scales
(Nunez 2000). There are striking similarities among concepts that can be
applied to pattern analysis on the scales of neurological functioning and
those that may also be applied in SETI and ETC. The brain and the universe
are, after all, massively coupled systems, our observations of which tend to
be on different time scales. Since they are both made up of EMTS, however,
they may be coupled on all time scales. The language of pattern-forming,
dynamical systems could become part of a language for co-creative com-
munication.
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Participating as entities on relatively small local scales of duration and
extent in processes involving relatively larger scales of recognized in-
teraction—communication

Relativistic thinking about communication may apply equally on all
time-space extension scales by adjusting the life-consciousness extension
scales in a similar manner. The impact on communication-relatedness of
relativism at small scales for high-speed phenomena—Ilike an electron
spinning—or short life-span, consciousness extensions—like a mouse
running—may be just as great as for slow-speed, long life-span conscious-
ness—like human beings, elephants, the biomass, species, cultures, dis-
tributed intelligence, interstellar cultures, or universes — , engendering
similar effects. Some suggest there must already be emergent phenomena
at the level of the universe from the existence of a multiplicity of distrib-
uted intelligent cultures in the inter-stellar medium (Wolfram 2002). If so,
Earth-based cultures are a part of that, too.

Our co-evolution with other forms of intelligence in the universe can
certainly be expected to take place eventually, or it may already be taking
place. We humans, currently from Earth, seem, by engaging in exercises like
this investigation, to be trying to increase conscious awareness — memory
coagulation—of our ongoing relatedness to and participation in the proc-
esses of evolution in the universe. There are many neurons in our brains
the behavior of which we don’t understand; there are long sequences in
our DNA code the function of which we don’t understand. Attempting
to engage in ETC is presently a behavior trait for some humans. In other
words, this exploratory activity can be seen as characteristic, human species
behavior in relating to other intelligences in the universe. In a sense, we
are engaging in an anthropological study of ourselves, as the time-space
extension of our cognition grows ever larger.

Covariance as communication

Signals extracted from noise, because some covariance with an observer
has been detected, may correspond to messages. If confirmed, they will
develop meaningful correlations through interactive co-creation, a further
kind of covariance between two or more systems with their own, individual
reference frames. However, it may be worth pointing out that regularity
in the carrier signals used to encode ETC messages reduces the rate with
which information—in the mathematical sense—can be imbedded in the
carrier. More complex signals offer more ways to compact information by



Collapsing Distinctions: Interacting within Fields of Intelligence
62 on Interstellar Scales and Parallel Musical Models

modulating the multiple waveform components that may be combined to
make up the carrier with information in the message. This, though, results
in a signal that looks more complex to us and more easily confused with
purely uncorrelated noise. Signals nested inside signals nested inside sig-
nals compact information. One way to unpack them is to use complexity
dimension analysis. This has been applied in music as well, for example in
my composition, Two Lines (Rosenboom 1989b, 1995, and 1996). This piece
is an examination of apparent instability and how the fine sensitivities of
the ear can detect hidden order inside very complex patterns, which, at first
glance, may appear to be noise-like. The perceptual powers of the auditory
recognizing system are phenomenal in this regard. (Complexity dimension
analysis is a technique used in studying chaotic systems and involves cal-
culating the correlation dimension of a time series, roughly the number of
dimensions required to describe the behavior of the signal. Highly complex
signals, like stochastic sequences, require many dimensions, while more
simple and regular ones require fewer dimensions.)

In the 18" century, Roger Joseph Boscovich described a kind of rela-
tivistic covariance focused on the internal motions of the parts making up
the observer, leading to the conclusion that the observer exists primarily
on the interface or boundary between its macro-form and the universe
(Rossler 1991). Poincaré conjectured that the makeup of the internal parts
of the brain must contain a group structure that is coincident enough with
the order of the component parts of the universe that knowing the universe
will eventually become a natural characteristic of the brain. Only a suf-
ficient amount of inner exploration producing self-knowledge would be
required. Perhaps, there is a potential, embodied calculating engine of such
immense power in us that what has become conscious so far is only a mere
hint at what is to come. This engine may involve correlations among the
component parts of the brain with the component parts of the universe, to
say nothing of groups of brains.

Such speculations have led to a suggestion for increasing our capaci-
ties in ETC message recognition. The suggestion may sound outlandish
at first, but may be worth contemplating for whatever useful spin-ofs it
may engender. Following the composition, Two Lines, a second experiment
involving a composition called Four Lines (Rosenboom 2001a) was carried
out, in which comparisons were made between the dimensional complexity
of the temporal sequence of brain event-related potentials (ERPs) generated
during work with the On Being Invisible, self- organizing, music system
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described earlier, and the dimensional complexity of electronic sounds
created at the time the ERPs were recorded. Interesting correlations were
observed.

This followed a study described in (Birnbaumer et. al. 1996) in which
the dimensional complexity of brain signals was correlated with the di-
mensional complexity of music heard by active listeners and processed by
their brains. Their experiments explored what is known as the non-linear
resonance hypothesis of music perception in which relationships are drawn
between the complexity of music stimuli, the complexity of observed EEG
waveforms, musical training and experience, and the presumed activation
of neural assemblies necessary to process rich associations. The complex-
ity of EEG waveforms and music stimuli were strongly related, but also
strongly affected by the level of subjects’ musical training and experience.
Nevertheless, for experienced, active listeners, a coupling between EEG
complexity and sound complexity is strongly suggested.

At this moment, a widely distributed array of perhaps thousands of
computers are probably processing radio telescope data from the SETI@
home project, http://setiathome.berkeley.edu/, all looking for patterns in
these noise-like signals from space. Perhaps this is not enough analytical
power. Suppose these signals were presented in sonic form to highly ex-
perienced, open-minded musical listeners, while complexity dimension
analyses were being carried out simultaneously on these signals and the
electromagnetic brain activity of the listeners, perhaps via multi-channel
EEGs or magneto-encephalograms (MEGs). Variations in the correlations
among the analysis of each might lead to clues. The listeners need not
achieve conscious awareness of the results. In fact, it might be better if they
were not encouraged to do so. Too much consciously directed, focusing of
attention might reflect a priori presumptions about listening and result in
some possibilities being filtered out. Better, perhaps, that the experiment-
ers allow the brain activity be simply coupled with the signals and freely
influenced by them. Perhaps the proper state for the listeners would be that
of alert, zazen meditation. Given how good the brain can be at discerning
subtle differences in complex arrays of musical sounds, and given how
many very large computer programs have been debugged in the history of
computing by listening to the bit streams of program readouts and finding
the anomalous patterns of malfunctions that couldn't be found any other
way, it might be worth a try.
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Large-scale physical processes

It is intriguing to imagine what kinds of large-scale physical processes
beyond methods known for using electromagnetic fields could be taped
for ETC. Ideas about resonance are important here. They are fundamental
and familiar in many musical processes, and their conception extends well
beyond the usual notions of acoustic or waveform resonance. Ideas about
resonance described as the topological coupling of influences in interactive
processes (Thom 1975) and informational coupling via mutual informa-
tion measures have been applied in music (Rosenboom 2000c). Mutual
information, —a measure of the complexity of computations required to
compute a phenomenon from information already known in a prior phe-
nomenon—, has particular bearing on evolving life forms as well (Chaitin
1970, 1979, and Casti 1991). In this arena, a complex interdependency
among the parts of a distinguishable entity—like an organism—, modeled
partially through this concept of mutual information, is essential in defin-
ing a living organism. Furthermore, Chaitin writes, “In summary, the case
is the whole versus the sum of its parts. If both are equally complex, the
parts are independent (do not interact). If the whole is very much simpler
than the sum of its parts, we have the interdependence that characterizes
a living being”

Here are some speculative questions intended to stimulate thinking.
Could a signal be designed that would resonate with the configuration
space of a galaxy or cluster of inter-stellar objects in the environment of
possible ETT? Would it be distinguishable from the physical configura-
tion itself? Could this resonance maintain the signal for a period of time
and support modulation by message sequences, such as patterns derived
from human DNA sequences. Could electromagnetic field transmissions
be made self-regenerative, renewing themselves by borrowing energy from
other encountered fields—gravitational, electromagnetic, black hole spaces,
or stars? Could resonant tuning among fields produce a kind of coherent
universe laser or maser? We might call it a user.

Could an electromagnetic reaction-diffusion reaction be generated
with the Earth’s magnetic field—a strong one would, in turn, affect the
Earth—resulting in a strong transmission field for messages? Could such
a field be modulated with DNA sequences? If the wild speculation were
true that message sequences from possible ETI could already be imbedded
in our DNA (Wolfram 2002), why not send them on outward again? If no
message is so imbedded, why not send it on anyway? Can these resonance
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models lead to understanding possible communication through morphic
fields, perhaps modeled by arrays of coupled oscillators (Abraham 1996a,
1996b, and Goodwin 1991)? All this is meant for brainstorming possibili-
ties without a priori limits.

Implications of a point of view that considers entities communicating
are already in interaction prior to sending or receiving messages

The extent of the unconscious and its types is most likely even vaster
than Jung communicated. Since consciousness is an emergent, localized
phenomena in individuals rising out of the interactions of a critical mass
of subordinate parts of the unconscious, the unconscious, too, must be
imbued with the natural forms of the universe and the processes by which
it has formed. These may be accessible to consciousness if it can visit and
interact deeply and actively with the unconscious substrate. Knowing one’s
self therefore may indeed, result in knowing the universe. The depth of this
return of the ego into the unconscious mist is great and the work involved
vast. This kind of work is needed for us to be able to evolve our physical
and mathematical metaphors

further, understand the meaning of communication better, deal with
large time-space scales (Smolin 1997), and learn to relate to what is indi-
vidual and what is universal in intelligence. As we learn more about thought
itself as a system (Bohm 1994) with observable dynamics we understand
more the place of language, with all its flexibility and plasticity, in the work
of disciplines like physics, which function more like a dynamical system of
communication about reality than a representational form for that reality.

Principles for constructing interactive processes— music of many nows

Here are a few guidelines for constructing interactive proceses:

o Consider all interaction to be a process of co-evolution of autonomous
agents with each other and their environment, the procedures of which
lead to emergent order. These are potentially best implemented with an
adaptive network structure (Kauffman 1993 and 2000).

o Begin with procedures that return to first principles of composition:
1) choose the universal set or domain of compositional attention and
the kinds of distinctions that will be made as a result of compositional
thought and choice; 2) list the potential generative relationships among
distinctions in the universal set, i.e. how it will be ordered; 3) determine
the dimensions of description and scales of measure for parametric
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values to be used; 4) determine the levels of significant difference
for each parameter; 5) design the compositional pragmatics needed
to make arrangements among the distinctions in the universal set.
[See (Rosenboom 2000c¢) for further description of this approach and
(Rosenboom 1987b) for compositional thought exercises in intuition,
context, purpose, unison, listening, and intelligence.]

Consider interaction states as communication and compositional ob-
jects, i.e. each condition and/or mode of interaction becomes an el-
ement for compositional design. An example could be a particular
relationship of a musician—or an ETI — to an artificially intelligent
instrument (Rosenboom 1992a).

Make messages be in interaction with versus in response to. Acting upon
or in response to something like a message engenders illusions of self-
localities as central in interacting, rather than as part of a larger process.
Note that an individual inter-acting with something else is different than
two or more things interacting, just as a process that is information is
different than objectified information units. These are points of view in
our use of language, always good to keep in mind.

Consider all interactive processes to have many nows, many versions of
the present.

Initiate co-creative processes by: 1) send intention, invite into co-crea-
tive participation; 2) send messages with delays designed over long cul-
tural time frames and consider interactive messages to be recombinant
as they come in; 3) consider and make interactive responses; and 4)
examine the co-creative forms that emerge.

Consider the necessary cultural evolution as important as technological
evolution for this to work with our species.

Potential of genetic algorithms and neural networks in message design

Communicating by employing hypothetical models of evolutionary

processes may offer a fruitful approach to co-creative message design. An
excellent introduction to the principles of genetic algorithms (GAs) can be
found in (Mitchell 1998). GAs and connectionist models with neural net-
works have been employed in music for some time (Todd and Loy 1991).
Of particular relevance to our discussion of time-space are experiments
using neural nets in quantizing musical time—i.e. separating discrete and
continuous components in the experience of musical time. GAs are often
used to interactively explore the very large parameter spaces commonly
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encountered in computer models for musical sound synthesis, algorithms
for composition, simulating adaptive, musical, perceptual processes, recog-
nizing unpredictable, physical gestures of performers, and creating some-
what autonomous musical organisms (Degazio 1997).

One of the problems of open, interactive interface designs for music
performance is that the possible vocabulary of performance gestures can-
not always be known in advance. This seems analogous to the co-creative
interaction paradigm involving an unknown form of intelligence encoun-
tering a dynamic object sent as a message. GAs have been successfully
employed in the classification and estimation of parameter values involved
in gesture movements and adapting musical instrument responses to them
(Lee et. al. 1992 and Lee & Wessel 1992). In this work, neural net struc-
tures in a computer music program were able to learn gestures and link
them to multi-dimensional mappings of perceptual spaces for musical tim-
bre, providing data to guide a synthesis engine. This linking of gestures to
multi-dimensional perceptual spaces could be adapted to interactions with
other life forms, as it often is in compositional concept spaces in music
(Rosenboom 1987a).

Ideally, these interactive processes can be made worthy of continuous
practice and learning, so that through continued exposure and experience,
the results become richer with deeper information about the nuances and
subtleties contained in the evolving message system. In music, particular
interaction states correlating two or more intelligent systems become com-
positional, musical objects that can be directly considered in the form of
a work (Rosenboom 1992a). Examples of such interacting entities include
performers, intelligent instruments, and interactive, compositional models.

One problem with many current applications of GAs in the arts is that
they mirror the engineering approaches of using GAs to narrow the search
space of a problem to produce a desired outcome that is known in advance.
It is very different to think in terms of generative systems producing de-
sired outcomes versus outcomes that just happen in adaptive, interactive
systems. Interacting without expectation is a very different activity than
being a controller of processes. Neither humans nor ETTs may know what to
expect from an interactive process with an unknown intelligence. However,
for ETI, the particular response modes of such processes could hint at hu-
man characteristics. For example, vocal tract synthesis could be used or
rhythm generation with the typical human metrical processes emphasizing
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the multiples of neural time quanta often seen in music combined in simple
ratios, such as 1:1, 1:2, 2:3, and 3:4 (Epstein 1995).

In ETC, what might an interactive message artifact with GAs and neural
networks sense and generate? Perhaps, the positions of the nearest astro-
nomical bodies and strong gravitational centers could seed GAs which
could, then, evolve physical outputs based on the local, astronomical con-
figuration spaces. Repetitive gesture patterns could be sensed through im-
age receptors, measurements of variations in light intensity and spectrum,
physical vibrations (sounds), changes in radio or other electromagnetic
sources, variations in local chemistry, or physical motion, i.e. being picked
up and moved in relation to local gravity, anything that could conceivably
result from interaction with another autonomous organism. Gestures could
be generated in response with adaptive, neural nets aiding the GAs’ interac-
tions. Notions about potential universalities in the forms of human gesture
messages or emotional expressions—sentic forms—could be employed, as
in (Vakoch 1999) and in my score, In the Beginning: Etude III, shown in
Figure 6. If the forms of sentic communications are indeed durable with
some broad commonalities among traits, as has been observed on Earth,
then these may be good candidates for ETC over long time-space scales.

The limitation of sending objects into space, of course, lies in the fact
that they have to go somewhere in particular. An electromagnetic field
disturbance—i.e. wave—, on the other hand, can expand in all directions,
though the diminishing strength of a wide beam over distance is a disad-
vantage. Expanding or contracting regions of space through which the
waves may travel can also warp them and shift their frequencies. These are
strength and scaling problems. To compensate, we may try to adjust our
perceptual assumptions about distance and size. A new challenge might
be to imagine how all these ideas about interactivity could be initially im-
bedded in physical fields rather than objects. Then, once an electromag-
netic or other field message has been received, interactive objects could
be sent in the direction of the source. In effect, this interaction results in
producing a local simplifier on the domain of communication. The future
of interactive object design may benefit from developments underway in
miniature, evolving, and self-organizing hardware with circuitry that can
change and grow (Burton and Vladimirova 1999, Hand 2002, Stoica and
Salazar-Lazaro 2002a and 2002b, and Stoica 2002). These evolving objects
may use dust-like swarms of micron-sized sensors in laser-shaped clouds
of controllable, granular matter that can report information back about
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the nature of newly encountered environments (Quadrelli 2003). Though
these exciting developments are mere beginnings, it is clear that interactive
objects for use in ETC will eventually acquire the ability to self-replicate,
evolve, implement self-repairs, and adapt to unknown environments and
interactions with unknown intelligences, all the while carrying messages
from Earth imbedded in their very makeup.

It is important not to fall into the trap of the creator and critic paradigm
when using GAs for open interactivity wherein the purpose of the GAs is to
produce responses that please the interactive participants or score high in
some selected measure (Johnson and Cardalada 2002). This works against
the idea of evolutionary composition as a genre. The results desired from
the GA are, in effect, known in advance and all inconsistent results are re-
jected. The critic directs the evolution. This will not work for ETC, in spite
of the likelihood that some kind of fitness landscape, though not prestated,
may operate in co-evolutionary systems (Kaufman 1993).

Adaptive capacity through controlled feedback, such as in my On Being
Invisible model described earlier, in which the participants ride the fine line
separating making choices from evolving naturally as part of a larger sys-
tem, may be better for ETC. A version of this system might be implemented
in which interactions from ETT might replace the brain ERP testing of the
earlier models. In On Being Invisible, perception is not equated with evolu-
tion. It is a mechanism in a process. The participants must be open to hear-
ing to get beyond the presumptuous of a priori evaluating systems. There
must be no grandstand evaluation of fitness in true evolutionary systems.

The engineering solution approach to the use of GAs and A-life systems
is, to be sure, useful in tool building, self-organizing space ships, habitation
systems, and medical treatment systems. A potential model for an evolv-
ing, networked approach to world health, called IRIS (Individual Resource
Information System), was suggested in (Rosenboom 1975). Today, GAs
and A-life systems could carry this approach further by evolving tools with
which to analyze the vast arrays of data associated with world health trends
and generate responses to changing indicators in a global feedback model
intended to improve fitness. However, this would not be the best approach
to use in communicating with unknown intelligences. Evolution happens.
GAs enfold our consciousness of this back into processes, implying suc-
cession and extension of locally collapsed events from fields of possibilities,
and enabling co-creative communication.
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More recently, some of the criticisms levied at early artistic and musi-
cal work with GAs and neural nets have been addressed and new ideas
advanced for practical projects in the areas of imbedding adaptive rule
systems inside interactive compositions that change during performanc-
es (Bresin et. al. 1992), interactive composer’s assistants (Nishijima and
Watanabe 1992), exploring large spaces of musical objects (Todd 1992),
and the spontaneous generation of musical forms by applying models of
perception to improvised musical input that can not be known in advance
(Rosenboom 1992¢ and Rosenboom and Braxton 1995). All of these show
great promise and potential.

Avoiding thinking in terms of linear time and concurrent
imagination

Thought provoking schemes for characterizing cyberspace and the time-
space aspects of communication within it have been advanced by artist/
thinkers like (Anders 2001). A dimensionalized environment of thought
and experience is described in which space is regarded as an artifact of
memory. The process may not be the result, however, of the linear concate-
nation of things in sequence. This invokes again the principle described
earlier of extension in timespace creating mass, in this case extension be-
yond bodies through media as the genesis of a new kind of substance, which
is quite palpable and ponderable. This is a space, however, of routinely
changing dimensions, expanding and contracting through interactive, often
non-linear processes. In it, the dimensions of copies, so easily produced
electronically, can seem to amplify the source through its absence and the
application of imagination and projection. These imaginations may or may
not be concurrent and coincident among multiple participants, and the co-
creative communication that results may not depend upon it. ,,In electronic
media, the scale of an effect is a product of speed and distance,” Anders
asserts. This brings up the relation of transmission speed to the tightness
of coupling between a message and its source. In electronic musical in-
struments, digital media have never achieved the tightness of coupling
between performer and instrument that were inherent in analog media. The
translation of gestures into codes creates and inherent distance. In view of
this, we may need to carefully consider the distancing effects produced by
using codes in ETC. Gestures, however, can easily be rescaled through these
media and scale factors can be manipulated in ways that are not correlated
with natural experience. A mouse can be as big as an elephant and distance
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can be collapsed or expanded at will. Replication and repetition can alter
the perceived scale of a source message in profound ways. How can we
use this to alter the way we cognize the relationship of large time-space
scales to presupposed human scales? The brain itself is like a cyberspace,
particularly if we view it on appropriate scales and adjust our perceptual
assumptions about size.

Sending processes that co-evolve—even in ways we may not
be able to predict—may communicate far more about us than
sending signifiers of cultural or scientific objects.

In an excellent cataloging and examination of approaches to A-life and
their implications for art (Etxeberria 2002), a point of view that considers
evolution itself as an organism is developed. Evolution is considered to be
something instantiated by living systems. This is a stimulating thought in
its implications for interactive art making, though there are still some limi-
tations brought on by initial assumptions and conditions. Partly through
contrasting synchronic views— vertical or bottom up—with diachronic,
horizontal or transformational approaches that develop by extension over
generations like genetic algorithms do, a meta-view of the evolution of
evolution emerges. Interesting parallels immediately come to mind with
Smolin’s meta- evolutionary picture of the cosmos, which involve natural
selection among particular parameters limiting the development of uni-
verses—and thus, laws of physics—and favoring those that generate lots of
black holes from which daughter universes could emanate (Smolin 1997).

For adaptive systems, an agent’s eflicacy is increased more if all the
rules for adaptation are always considered hypotheses under continuous
testing and verification, with alternative hypotheses always ready to be tried
when contradictions are revealed, rather than attempting to make new rules
achieve consistency with other rule sets modeling the environment. This is
especially important in open, co-creative communication. Coherence and
persistence under change require interaction, adaptation, and learning. Co-
evolution involves the generation of spontaneous order plus selection, and
adaptation leads to unmistakable delineation and identity for the adapting
agent (Kauffman 1993).

In a view of meta-co-evolution as a dynamical process, any particular
diversity configuration may be thought of as a dynamical standing wave,
a pattern in time (Holland 1995). Viewed as a holarchy, such co-evolution
is intuitively different from design activity in that nothing outside the
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system intervenes in the process. However, human beings do design and
are likely to initiate some designs in ETC, though they should carefully
choose when to initiate action and when to simply be part of larger proc-
esses, as in On Being Invisible. Such designs will consider organization and
functionality, which necessarily imposes external goals on a co-evolution
system. Kauffman’s mathematical models of genetic regulatory systems
implemented within networks of connection may lead to solutions for
co-communication with unknown intelligences (Kauffman 1993). These
may help designers design while avoiding the generative entrenchment
problems of being ontogenetically locked into pre-configured fitness solu-
tions. In this way, functionality can be made to emerge through embodied
design constraints.

Constructing messages outside the context of a universal
background of evaluation

ETC message design must avoid the problem of empirical evaluation
(Moreno 2002), which in effect, establishes a universal background of eval-
uation, analogous to that of Einstein’s prison, the background of classical
time-space. This conundrum of dialectic duality is difficult to surpass. If
expectations for results of emergent forms can be forecast in any measure,
then how can their interpretation be justified? If they cannot be forecast,
then the results may be misjudged as trivial. If we approach ETC in this
way, we fall into hermeneutic circularity in communication. We employ
models to elucidate our theoretical expectations for the interaction and,
then, use them to interpret the interaction that results.

Again, the On Being Invisible system may offer a way out. Simply by
building interactive, co- creative, communication networks among autono-
mous, intelligent agents, each of which has its own internal order for build-
ing time capsules out of nows, synthesized pasts, and predicted futures, and
implementing internal and external feedback paths in linked hypercycles,
substantive forms are likely to emerge with salience and meaning for all
participating agents. In such systems, each agent is free to be an initiator of
action, collapsing the field of possibilities into particular asymmetries, or
to be a relatively invisible processor of forms within the network., substan-
tive forms emerge with salience and meaning to all participating agents.
Furthermore, each agent is free to be an initiator of action, collapsing the
field of possibilities into particular asymmetries, or to be a relatively invis-
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ible processor of forms within the network. No universal background is
needed.

Possible deleterious effects of presenting terrestrial understandings and
examples of music as completed compositions

The problem of the perception of objects dissolving the objects
of perception

There is a parallel between the observation from Zen practice that the
perception of a phenomenon dissolves the phenomenon—the perception
of an inner form dissolves the totality of that form—, and the collapse of
parameters associated with the observation and measurement of a quan-
tum phenomenon in the physical world. Similarly, formal perception—
the perception of form objects, such as in music or messages—is derived
from a cognitive contraction, a limitation that dissolves the perception of
context and totality. The perception-observation of a totality is dissolved
by perception-observation of the particular. Through practice, in-formal
perception— awareness of perceptions in the process of being formed—aris-
ing from coenaesthesis and de- contraction of the self can be developed.
Through these means we can observe the movement of intelligence through
thought-emotion reflexes. That these two observational worlds, the inner,
universal world of limitless mind, and the world of physical models behave
in the same way should come as no surprise. Some ETTs may have already
evolved through this process.

In physics, it is questionable whether we are searching for computa-
tional reducibility in an irreducible universe. We must be wary of falling
into the trap of looking for computational reducibility in potential ETC
messages. We become the distinguished simplifier with our limiting fo-
cus. Understanding or comprehending ETC interactions may not involve
reduction to simple, generative terms. We may need to step outside of our
systems of thought to conceive of kinds of ETC that may be normal for
some ETIs.

Forwarding already completed compositions as part of ETC may lead
us into that aforementioned trap. Through singular exclusivity, it limits the
efficacy of our messages and precludes the forward-looking emergence of
common understanding. Of course, the normal nature of perceiving is to
be selective. This collapses the potentialities of consciousness in singular
attention. This is a manifestation of the individual, a selective attention.
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However, if we focus on developing a long common history in our inter-
active strategies with time extensions far beyond the individual, we are
forced to balance our selectivity with openness. This is difficult until it
becomes easy. We may have to learn to consider this collective experience
as primary- give it primacy over individual experience—and also learn to
appreciate the individual as a part of this as well. These are not mutually
exclusive points of view.

Issues regarding possible misrepresentation of human culture

Cultural artifacts may appear to be simple and, in fact, the simpler
they are the more difficult it is to tell if they were created with a purpose
(Wolfram 2002). An element of imaginative projection is required and
must be accepted. Sending artifacts in ETC, therefore, involves an inherent
potential for misrepresentation through imaginative interpretation by un-
known, imagining intelligences. Presuming definite purpose is a conjecture.
Interactive strategies avoid this because they are co-owned. Furthermore,
interactive processes may reveal more about the nature of humanity at
a future time when our messages are received than will be revealed by
sending icons.

If we wish to communicate something about who we are, then who are
we? Do we know? We tend to want to represent the state of our scientific
and engineering knowledge. It may be more important to communicate
something about our evolutionary state. An advanced ETI may employ
minimal technology, possibly resulting from having achieved a simple,
effective understanding of universe with its own notion of prediction. It
would likely be inconsequential for such ETT to receive a message showing
that the sender has a working model for the states of the hydrogen atom.
That would be obvious to the ETT recognizing receiver.

What does it mean to take action—i.e. construct and send messages—
in this framework? A potentially important message might involve what
we consider imagination to be and how does an aggregation of the stuff
of the universe manifest itself in such a way to develop imagination. If we
could communicate something about the nature of our understanding of
imagination, we might provide ETI with critical instruction on the nature
of human beings. The possible implications are vast and difficult to grapple
with. To aid human culture with this, we may need new mythologies to help
illuminate the darkness of incomprehensible change.
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If we work at stripping away the presumptions evident in our language,
we glimpse the transformation of ourselves needed to comprehend the next
stages of evolution. For example, we can dissect the phrase represented by
the acronym, SETI: Search for—describing a quality of us, a behavioral
state characteristic of human beings; Extra—a word describing a differ-
ence logic, a mode of differentiation; Terrestrial—a label for our locality
context; Intelligence—an attribute ascribed to ourselves and speculatively
attributed to other species. Next, these components can be reintegrated
into an expression of expanded meaning.

In designing and sending self-organizing, interactive, evolving proc-
esses, we may project into the future and ask, “Will culture and conscious-
ness transform themselves in a similar way by the time the messages are
received?” Ralph Abraham provides us with metaphors for applying the sci-
ence of dynamics to history (Abraham 1986). From this we can see cultural
evolution proceeding through cycles of advancement, opening and closing,
as the dynamics of memes— waves of cultural themes passing through the
medium of society—are revealed. Developers of strategies for ETC will
have to keep this in mind, given the long time-space scales that will be
involved in interactive processes. Cultural ownership will need to become
as palpable in the experience of individuals as individual ownership is now.

Can we—should we—even attempt to create responses in ad-
vance—Ilest they not be true responses?

We are in the habit of needing to be able to foresee the implications of
receiving a message or artifact. This is a teleological position, related to how
complex systems and representations of time-space have developed in the
brain. As has been asserted earlier, in SETIT, listening is more important
than sending. However, we send anyway—we cant stop ourselves—we are
always in interaction—we are always who we are—we are always our nature.
If we try too hard to create our response prior to receiving a message, then
the answer will not be in response to the message. If we treat detection of
a message as simply recognizing that we are already in interaction, then
perhaps, there are reasons to work on a response with this mindset while
carefully considering a dialogic model of responding that values differences,
like that described in (Vakoch 1998).
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Ascendancy of empathy, altruism, and self-consciousness

Recently, a reconsideration of the evolutionary emergence of love, com-
passion, and caring among species that may not be based on selfish reward
has emerged (Loye 2000). This gives another perspective on altruism. Deep
consideration of ETC demands us to question how we might best focus this
work on the highest imperative of evolution. Can human beings serve as
an agency for such evolutionary advancement?

Is the ascendancy of empathy instinctual and reflexive? The automatic
sensation of repulsion and horror upon viewing brutality inflicted upon
another seems like an instinctive reflex. Is it the result of the human spe-
cies’ ability to imagine what the experience of another would be like if
experienced by one’s self? This underscores the trait of imagination among
human species and, consequently, the ability to imagine another’s experi-
ence. A moral agency may then be required to differentiate among the
possible results of imagining and taking on another’s experience, such as
jealousy versus shared joy—when the experience is perceived as good and
rewarding—, or repulsion and looking away versus compassion and out-
reach—when the experience is judged as bad and damaging. Imagination
and altruism are, in these respects, intimately linked.

The development of self-consciousness would seem to be required for
all this. However, without the parallel development of understanding the
non-differentiated self—as in zazen—the differentiated self (ego mind) is
easily led toward self-maintenance in response to imagining the experi-
ence of others rather than altruistic consciousness and compassion born of
understanding unity and universality. From this perspective, acquisition of
deep self-knowledge seems to be a primary prerequisite for consciousness
to reach higher orders and, in turn, a prerequisite for all higher human
evolution. (Human evolution as an agency for higher evolution in general
is, of course, only a symbol, recognizing the certain existence of other high
levels of consciousness throughout the cosmos.) This may be a requirement
for ETC to succeed, particularly when large- scale time-space interactions
require collective engagement. Co-creative, interactive, co- communica-
tion may only be possible among forms of intelligence in which altruism
and empathy have ascended naturally in evolution. What better way to
begin communicating altruistic intentions than by inviting co-creative in-
teraction? What better way to recognize being in communication than by
participating in co-creative processes?
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Intelligence and the distinction of species from each other

A great deal of this inquiry has been framed by considering what kind of
mindset might best enable us to recognize and interact with forms of intel-
ligence the nature of which we cannot know in advance. Part of this requires
us to question and strip away all our assumptions about what intelligence
might be and on what scales of physical and temporal manifestation it could
possibly exist. We have looked to music as an arena in which hypothetical,
invented, cognitive worlds, embodied in real performance and interactive
forms, are routinely explored. Here we ask further, if information about
the physical and temporal forms with which sources of intelligent commu-
nications may be embodied were not available to us, how would we make
distinctions among these sources and differentiate them one from another
in the way we do the species of our local biosphere? Indeed, would such
a categorization be appropriate?

The system of metaphors we use in describing the embodiment of our
own minds connects our presuppositions about intelligence very closely
to our own makeup (Brockman 1999). Our assumptions about intelligence
may not yet be abstracted such that they can be disentangled from us as
particular embodiments of biological evolution. They may also result from
our inability to avoid differentiating humans as particularly distinguished
examples of self-organization. It follows, extending Godel’s assertions (Casti
1991), that we may ask, is it possible for human intelligence to define gen-
eral, non-human intelligence? By analogy with the incompleteness theo-
rem, it may be impossible to incorporate within any particular, delimited
definition of intelligence an ability to conceive of other possible forms of
intelligence outside this definition.

Self-organization is common and normal in nature. Each self-referential
instance manifesting intelligence is fundamentally a localizing phenom-
enon of time-space binding (Jantsch 1980). The temporal-spatial extent
of each localization may range from instants of apperception within an
individual, to realizations of the many kinds of intelligent agents within
each single individual of a species, to varieties of intelligence existing with-
in a species, to possible species intelligence, cultural intelligence, and on
through broader and broader scales of extension. Viewed in the broadest
sense, intelligence may be described as a self-referential or self-knowing
quality of the universe. It is very difficult for a highly localized manifesta-
tion of intelligence to realize how different other such manifestations, those
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of possibly vast extent or even those within apparently similar organisms,
can be.

We tend to look toward our species’ capacity with what we consider to
be our most abstract and, therefore, universal, constructions, like math-
ematics, as providing both yardsticks for measuring intelligence and guide-
lines for message design. If, as Lakoff asserts, however, “...mathematics as
we know it is a product of the human body and brain; it is not part of the
objective structure of the universe” (Brockman 1999), what are the impli-
cations for SETT? This underscores the potential differences in paradigms
of intelligence, the metaphors we use in describing them, and may involve
the degree to which we can recognize differences among our own species
and how these balance with species universals. Do we trust our recognizing
capacity, here? The brain- body’s enormous capacity for plasticity, adapta-
tion, and alternate paths of development and evolution must be factored
in. This also applies to the evolution and adaptability of intelligence.

One of the implications of this reconsideration of intelligence, once fully
worked out, may be that we will see yet another recasting of the anthropic
principle (Zimmerman 1991). A quality of the universe may be that it only
exists out there—as separate—as a result of our capacity as particular em-
bodiments of intelligence to know it and that our metaphorical powers
have in turn created descriptive languages like mathematics with which to
describe this knowledge. Another related twist in a more familiar form has
been stated recently as, “. .human consciousness can question the terms
required for its existence only in a world in which those terms have been
met” (Wright 2001).

In the score of one of my works for chamber orchestra, electronic
speech, text, and film, In the Beginning V ('The Story), one of the characters
in a dialogue, a hypothetical form of global consciousness emerging from
the collective phenomena of intelligent beings on Earth, referred to as The
Double, speaks its definition of intelligence (Rosenboom 1987b). “An entity
exhibits intelligence if it is engaged in increasing comprehension of the
process of its own evolution and that of the supra- and infra-organisms in
relation to itself and if it demonstrates a facility to operate in contrapuntal
symbiosis with and is engaged in synergetic facilitation of this process, as
an integral part of it, with a degree of self-originated and willful motiva-
tion. This is by inalienable and universally evident design a necessarily
self-referential definition.” This libretto excerpt is offered as a musician’s
perspective on the matter.
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Recognizing and re-cognizing species and intelligence
differentiation

What is the essence of true intelligence, and how does it differ from
our understanding of human intelligence? Some believe that no reasonable
definition of intelligence can be given that is independent of the details
of life on Earth (Wolfram 2002). Again, invoking analyses of Godel’s as-
sertions about the fundamental incompleteness of systems (Casti 1991),
we may question if alternative intelligences can be defined from inside
the characteristics of the intelligence trying to do the defining. To what
extent would ETT have to show similar characteristics and details to the
characteristic of human intelligence for us to be able to recognize it? What
about ETT’s consciousness and its relationship to embodied intelligence?
Conversely, what differences would ETT have to show for us to recognize
it as being separate from us?

Wolfram states that the principle of “Computational irreducibility im-
plies that it can be arbitrarily difficult to find minimal or optimal rules.
Yet given any procedure for trying to do this it is certainly always possi-
ble that the procedure could just occur in nature without any purpose or
intelligence being involved (Wolfram 2002)” The search is still going on.
Perhaps human beings just occurred in nature in exactly the same way—as
the minimal solution to producing advanced intelligence. The repertoire
of partially autonomous intelligences within humans is only beginning to
be understood, and consequently, the possible extension of this to other
species in the universe is relatively unexplored.

Recognizing the existence of other intelligences and revealing
our existence

How will we know the existence of possible ETT and how will we reveal
our existence in ET'C? Given our present understanding, we may only be
able to recognize ETT to the extent that it is different than our own. Can
we learn to represent the fundamental forms and processes of unknown
intelligence with ordinary language?

Nature is about interactions. Cognition strives to manage knowledge of
interactions with intelligence. Looking for a best match among intelligences
is a part of the co-creative aspect of communication. So, we may consider
these ways to reveal ourselves:
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By means of reflecting things back

Using mimicry and transformation of what is received as a structural tech-
nique.
By means of emanating original things
___________________ >
Revealing characteristics of the active, autonomous functioning of the
mind.

By means of affecting interactions

Engaging in co-creative communications for the purpose of maximizing
the opportunity for shared, emergent forms.

Is all of this always happening?

How can music help?

The universe speaks to us through whatever means we are willing to
listen. We rest in doing.

References

Abraham, R. H. (1986) Mathematics and evolution: a manifesto. IS Journal,
1, 3, 14-27.

Abraham, R. H. (1996a). Vibrations: communication through a morphic
field. (Santa Cruz, CA: Visual Math Institute). [Electronic document
from: http://www.mlph- abraham.org/articles/MS%2386.Vibrations/
vibrations.htmll

Abraham, R. H. (1996b). Vibrations: communication through a morphic
field part 2: simulations results and video. (Santa Cruz, CA: Visual Math
Institute). [Electronic document to accompany video from: http://www.
ralph- abraham.org/articles/MS%2386.Vibrations/vibrasim.txt]

Anders. P. (2001). Anthropic cyberspace, defining space from first princi-
ples. Leonardo, 34, 5, 409-416.

Austin, J. H. (1998). Zen and the brain. (Cambridge, MA: The MIT Press).

Auyang, S. Y. (1995). How is quantum field theory possible? (New York:
Oxford University Press).

Barbour, J. (1999). The end of time. (Oxford: Oxford University Press).



David Rosenboom 81

Birbaumer, N, Lutzenberger, W.,, Rau, H., Mayer-Kress, G., Choi, L., &
Braun, C. (1996).

Perception of Music and Dimensional Complexity of Brain Activity.
International journal of bifurcation and chaos, 6, 2, 267-278.

Bohm, D. (1994). Thought as a system. (London: Routledge).

Bregman, A. S. (1990). Auditory scene analysis. (Cambridge, MA: The MIT
Press).

Bresin, R., De Poli, G., & Vidolin, A. (1992). Symbolic and sub-sym-
bolic rules systems for real time score performance. In Proceedings,
International Computer Music Conference 1992, (pp. 211-214). (San
Francisco: International Computer Music Association).

Brockman, J. (1999). Philosophy in the flesh, a talk with George Lakoft.
Edge, 51. [Electronic document from http://www.edge.org/documents/
archive/edge51.htmll

Burton, A. R. & T. Vladimirova. (1999). Generation of musical sequences
with genetic techniques. Computer Music Journal, 23, 4, Winter, 59-73.

Cage, J. Silence, (1967). (Cambridge, MA: The MIT Press). [Second print-
ing]

Cage, J. (1969). Notations. (New York: Something Else Press).

Casti, J. L. (1991). Chaos, Godel, and truth. In Casti, J. L. & Karlqvist, A.
(eds.). Beyond belief: randomness, prediction and explanation in science
(pp- 280-327). (Boca Raton, FL: CRC Press).

Chadabe, J. (1997). Electric sound, the past and promise of electronic music.
(Upper Saddle River, NJ: Prentice Hall).

Chaitin, G. J. (1970). To a mathematical definition of “life” ACM
SICACTNews 4 January, 1218.

Chaitin, G. J. (1979). Toward a mathematical definition of “life.” In Levine,
R. D. & M. Tribus (eds.). The maximum entropy formalism (pp. 477-
498). (Cambridge, MA: The MIT Press).

Chalmers, J. H. (1993). Divisions of the tetrachord. (Hanover, NH: Frog
Peak Music).

Cope, D. H. (1989). New directions in music. (Dubuque, IA: Wm. C. Brown
Publishers). [Fifth Edition]

Degazio, B. (1997). The evolution of musical organisms. Leonardo Music
Journal, 7, 27-33.

Epstein, D. (1995). Shaping time, music, the brain, and performance. (New
York, Schirmer Books).



Collapsing Distinctions: Interacting within Fields of Intelligence
82 on Interstellar Scales and Parallel Musical Models

Etxeberria, A. (2002). Artificial evolution and lifelike creativity. Leonardo,
35, 3, 275-281.

Foerster, H. von. (1984) Observing systems. (Seaside, CA: Intersystems
Publications).

Gaburo, V. (1977). Notation. (La Jolla, CA: Lingua Press).

Gann, K. (1997). American music in the Twentieth Century. (New York:
Schirmer Books).

Goodwin, B. C. (1991). The generic properties of morphogenetic fields.
In Casti, J. L. &

Karlqvist, A. (eds.). Beyond belief: randomness, prediction and explanation
in science (pp. 181-198). (Boca Raton, FL: CRC Press).

Hand, C. (2002). Artificial neural networks for organizing sensor webs
(NPO-30317). NASA Tech Briefs, 26, 7. [Electronic document]

Helmbholtz, H. (1954). On the sensations of tone. (Ellis, A.J., Trans.). (New
York: Dover

Publications, Inc.) [Original work published in translation of fourth
German edition of 1877 with appendices to 1885]

Hinkle-Turner, E. (1999). Coming full circle: composing a cathartic experi-
ence with CD-ROM technology. Leonardo, 32,1, 49-52.

Holland, J. (1995). Hidden order, how adaptation builds complexity.
(Reading, MA: Addison- Wesley Pub. Co.).

Jantsch, E. (1980). The self-organizing universe. (Oxford: Pergamon Press).

Johnson, C. G. &]J.J. R. Cardalada. (2002). Introduction: genetic algorithms
in visual art and music. Leonardo, 35, 2, 175-184.

Kauffman, S. (1993). The origins of order, self-organization and selection in
evolution. (New York: Oxford University Press).

Kauffman, S. (2000). Investigations. (Oxford: Oxford University Press).

Kelso, S. J. A. (1995). Dynamic patterns, the self-organization of brain and
behavior. (Cambridge, MA: The MIT Press).

Kepler, J. (1618). Harmonies of the world, Book Five. In Hawking, S. (ed.).
On the shoulders of giants, the great works of physics and astronomy (pp.
635-723). (Philadelphia, PA: Running Press).

Lakoft, G. & R. E. Nunez. (2000). Where mathematics comes from. (New
York: Basic Books).

Lee, M, Freed, A., & Wessel, D. (1992). Neural networks for simultaneous
classification and parameter estimation in musical instrument control.
In Sadjadi, E A. (ed.). Adaptive and learning systems, Proc. SPIE, 1706,
244-255.



David Rosenboom 83

Lee, M. & Wessel, D. (1992). Connectionist models for real-time control of
synthesis and compositional algorithms. In Proceedings, International
Computer Music Conference 1992, (pp. 277-280). (San Francisco:
International Computer Music Association).

Lindgren, K. (1991). Entropy and correlations in discrete dynamical sys-
tems. In Casti, J. L. & Karlqvist, A. (eds.). Beyond belief: randomness,
prediction and explanation in science (pp. 88-109). (Boca Raton, FL:
CRC Press).

Loye, D. (2000). Darwin's lost theory of love. (Lincoln, NE: Excel Press).

Mitchell, M. (1998). An introduction to genetic algorithms. (Cambridge,
MA: The MIT Press).

Moreno, A. (2002). Artificial life and philosophy. Leonardo, 35, 4, 401-405.

Nishijima, M. & Watanabe, K. (1992). Interactive music composer based
on neural networks. In Proceedings, International Computer Music
Conference 1992, (pp. 53-56). (San Francisco: International Computer
Music Association).

Nunez, P.L. 2000. Toward a quantitative description of large-scale neo-
cortical dynamic function and EEG. Behavior and Brain Sciences, 23,
3, 371-398.

Nyman, M. (1974). Experimental music, Cage and beyond. (London: Studio
Vista, Cassell and Collier Macmillan Publishers Limited).

Osgood, C. (1957). The measurement of meaning. (Urbana, IL: University
of Illinois Press).

Overbye, D. (2003). Universe as a Doughnut: new data, new debate. The
New York Times, March 11, 2003. [Electronic document]

Pool, I. D. S. (ed.). (1959). Trends in content analysis. (Urbana, IL: University
of Illinois Press).

Popat, S. & J. Smith-Autard. (2002). Dance-making on the Internet: can
on-line choreographic projects foster creativity in the user-participant?
Leonardo, 35,1, 31-36.

Quadrelli, M. (2003). Swarms of micron-sized sensors. NASA Tech Briefs,
September 2003, 34

Roads, C. (2002) Microsound. (Cambridge, MA: The MIT Press).

Rosenboom, D. (1975). Homuncular homophony. In D. Rosenboom
(ed.), Biofeedback and the arts, results of early experiments (pp. 1-26).
(Toronto: Aesthetic Research Centre of Canada).

Rosenboom, D. (1984a). On being invisible. Musicworks, 28, 10-13.



Collapsing Distinctions: Interacting within Fields of Intelligence
84 on Interstellar Scales and Parallel Musical Models

Rosenboom, D. (1966). A Precipice in Time. (Hanover, NH: Frog Peak
Music). [Musical score from electronic catalog at www.frogpeak.org]

Rosenboom, D. (1969). And come up dripping. Source, music of the avant
garde, 6, 46-54.

Rosenboom, D. (1984b). The qualities of change: ,On Being Invisible": steps
towards transitional topologies of musical form. In D. Rosenboom,
Collected articles (pp. 1-8). (Hanover, NH: Frog Peak Music). [Original
work published 1977]

Rosenboom, D. (1986a). In the beginning: etude III (keyboard & 2 or-
anges). In Rosenboom, D. (ed.). In the beginning, a collection of works
1978-1981. (Hanover, NH: Frog Peak Music). [Originally composed
in 1980]

Rosenboom, D. (1986b). Then we wound through an aura of golden yel-
low gauze. In

Rosenboom, D. (ed.). Collected scores (1965-1973). (Hanover, NH: Frog
Peak Music). [Originally composed in 1967]

Rosenboom, D. (1987a). Cognitive modeling and musical composition in
the Twentieth Century: a prolegomenon. Perspectives of New Music,
25,1&2, Winter & Summer, 439-446.

Rosenboom, D. (1987b). Frames for future music (six composition lessons).
Leonardo, 20, 4, 363-365.

Rosenboom, D. (1989a). Systems of judgment. (Baton Rouge, LA: Centaur
Records, CDC 2077). [Audio CD] [www.centaurrecords.com]

Rosenboom, D. (1989b). Two lines. (Hanover, NH: Frog Peak Music).
[Musical score from electronic catalog at www.frogpeak.org]

Rosenboom, D. (1991). A Precipice in time. On Austin, L. (ed.). The
Virtuoso in the computer age—I. (Baton Rouge, LA: Centaur Records,
CDC 2110). [Audio CD] [www.centaurrecords.com] [Originally com-
posed in1966]

Rosenboom, D. (1992a). Interactive music with intelligent instruments—
a new, propositional music? In I. Brooks (ed.), New music across
America (pp. 66-70). (Los Angeles: California Institute of the Arts/
High Performance Books).

Rosenboom, D. (1992b). Music notation and the search for extra-terrestrial
intelligence, In C. Scholz (ed.) Frog peak anthology (pp. 1-8). (Hanover,
NH: Frog Peak Music). Also in Leonardo, 6, 4, 273-274. [Original work
written 1986]

Rosenboom, D. (1992c¢). Parsing real-time musical inputs and spontane-
ously generating musical forms: Hierarchical Form Generator (HFG).



David Rosenboom 85

In Proceedings, International Computer Music Conference 1992, (pp.
186-189). (San Francisco: International Computer Music Association).

Rosenboom, D. & A. Braxton. (1995). Two Lines. (New York: Lovely Music,
Ltd., LCD 3071). [Audio CD] [www.lovely.com]

Rosenboom, D. (1996). B.C.—A.D. and Two Lines, two ways of making
music while exploring instability. Perspectives of New Music 34,1, Winter,
208-226.

Rosenboom, D. (1997). Extended musical interface with the human nervous
system, assessment and prospectus. [Revised version, The MIT Press elec-
tronic documents from http://mitpress2.mit.edu/e-journals/Leonardo/
isast/monographl/rosenboom.html] First version published 1990. (San
Francisco: Leonardo Monograph Series, 1).

Rosenboom, D. (2000a). Invisible gold (classics of live electronic music in-
volving extended musical interface with the human nervous system).
(Chester, NY: Pogus Productions, 210222). [Audio CD] [www.pogus.
com] [Originally composed in 1972 and 1976]

Rosenboom, D. (2000b). Music from—On Being Invisible II (Hypatia
Speaks to Jefferson in a Dream) (selections from a self-organizing cham-
ber opera for brainwaves, speaking voices,

musicians, and multi-media computer performance). On Trayle, M. (ed.).
Transmigration music. (Baton Rouge, LA: Centaur Records, CRC 2490).
[Audio CD] [www.centaurrecords.com] [Originally composed in 1994]

Rosenboom, D. (2000c). Propositional music: on emergent properties in
morphogenesis and the evolution of music. In J. Zorn (ed.), Arcana,
Musicians on Music (pp. 203-232). (New York: Granary Books/Hips
Road).

Rosenboom D. (2001a). Four lines. (Hanover, NH: Frog Peak Music).
[Musical score from electronic catalog at www.frogpeak.org]

Rosenboom, D. (2001b). Naked curvature, (four memories of the Daimon).
(Hanover, NH: Frog Peak Music). [Musical score from electronic catalog
at www.frogpeak.org]

Rosenboom, D. (2003). Zones of coherence. (Hanover, NH: Frog Peak
Music). [Musical score from electronic catalog at www.frogpeak.org]

Réssler, O. E. (1991). Boscovich covariance. In Casti, J. L. & Karlqvist, A.
(eds.). Beyond belief: randomness, prediction and explanation in science
(pp. 65-87). (Boca Raton, FL: CRC Press).

Smolin, L. (1997). The life of the cosmos. (New York: Oxford University
Press).



Collapsing Distinctions: Interacting within Fields of Intelligence
86 on Interstellar Scales and Parallel Musical Models

Sommerer, C. & L. Mignonneau (2002). Modeling the emergence of com-
plexity: complex systems, the origin of life and interactive on-line art.
Leonardo, 35, 2, 161-169.

Stoica, A. (2002). Mixtrinsic evolutionary synthesis of electronic circuits.
(NPO-20773). NASA Tech Briefs, 26, 8. [Electronic document]

Stoica, A. & C. Salazar-Lazaro. (2002a). Evolutionary automated synthesis
of electronic circuits (NPO-20535). NASA Tech Briefs, 26, 7. [Electronic
document]

Stoica, A. & C. Salazar-Lazaro. (2002b). ,,Morphing® in evolutionary syn-
thesis of electronic circuits (NPO-20837). NASA Tech Briefs, 26, 8.
[Electronic document]

Stockhausen, K. (1965). Plus minus, 2 x 7 seiten fiir ausarbeitungen, nt. 14.
(London: Universal Edition).

Tanzi, D. (2001). Observations about music and decentralized environ-
ments. Leonardo, 34, 5, 431-436.

Thom, R. (1975). Structural stability and morphogenesis. (Reading, MA:
W.A. Benjamin, Inc.).

Todd, P. M. & D. G. Loy (eds.). (1991). Music and connectionism.
(Cambridge, MA: The MIT Press).

Todd, P. M. (1992). A connectionist system for exploring melody space.
In Proceedings, International Computer Music Conference 1992, (pp.
65-68). (San Francisco: International Computer Music Association).

Vakoch, D. (1998a). The dialogic model: representing human diversity in
messages to extraterrestrials. Acta Astronautica, 42,1012, 705-710.

Vakoch, D. (1998b). Signs of life beyond Earth: a semiotic analysis of inter-
stellar messages. Leonardo, 31, 4, 313-319.

Vakoch, D. (1999). The aesthetics of composing interstellar messages.
American Institute of Aeronautics and Astronautics, Inc., IAA-99-
IAA.8.2.03, 1-7.

Vakoch, D. (2000). The conventionality of pictorial representation in inter-
stellar messages. Acta Astronautica, 46,10-12, 733-736.

Williams, L. P. (1980). The origins of field theory. (Lanham, MD: University
Press of America). (Original work published 1965)

Wolfram, S. (2002). A new kind of science. (Champaign, IL: Wolfram Media,
Inc.).

Wright, K. (2001). Very dark energy. Discover, March, 70-76.

Xenakis, I. (1971). Formalized music, thought and mathematics in composi-
tion. (Bloomington, IN: Indiana University Press).



David Rosenboom 87

Zimmermann, R. E. (1991). The anthropic cosmological principle: philo-
sophical implications of self-reference. In Casti, J. L. & Karlqvist, A.
(eds.). Beyond belief: randomness, prediction and explanation in science
(pp. 14-54). (Boca Raton, FL: CRC Press).

Zorn, J. (ed.). (2000). Arcana, musicians on music, (New York: Granary
Books/Hips Road).

Some additional, important periodical sources on experimental music
with co-creative implications.

Computer Music Journal. (Cambridge, MA: The MIT Press). [Periodical]

Contemporary music review, (Reading, Berkshire, UK: Harwood Academic
Publishers GmbH). [Periodical]

Die reihe. (Bryn Mawr, PA: Theodore Presser Company). [Periodical no
longer published, available in libraries]

Leonardo Music Journal. (Cambridge, MA: The MIT Press). [Periodical]

Musicworks. (Toronto: Music Gallery Editions). [Periodical]

Perspectives of new music. (Seattle, WA: Perspectives of New Music, Inc.).
[Periodical]

Pieces. (Maple Ontario, Canada: M. Byron). [Periodical no longer pub-
lished, available in libraries and from Frog Peak Music at www.frogpeak.
org]

Soundings. (Santa Fe, NM: Soundings Press, P. Garland). [Periodical no
longer published, available in libraries and from Frog Peak Music at
www.frogpeak.org]

Source, music of the avant-garde. (Sacramento, CA: Composer/Performer
Edition). [Periodical no longer published, available in libraries]

Acknowledgement
Thanks to wonderful poet, writer and friend, Martine Bellen, for her in-
sightful editorial suggestions upon reading an earlier draft.

The Author

David Rosenboom (b. 1947) is a composer, performer, conductor, inter-
disciplinary artist, author and educator. He has explored ideas in his work



Collapsing Distinctions: Interacting within Fields of Intelligence
88 on Interstellar Scales and Parallel Musical Models

about the spontaneous evolution of forms, languages for improvisation,
new techniques in scoring for ensembles, cross-cultural collaborations,
performance art, computer music systems, interactive multi-media, com-
positional algorithms and extended musical interface with the human nerv-
ous system since the 1960’s. His work is widely distributed and presented
around the world and he is known as a pioneer in American experimental
music.

Rosenboom holds the Richard Seaver Distinguished Chair in Music
at California Institute of the Arts where he has been Dean of the School
of Music and Conductor with the New Century Players since 1990 and
was Co-Director of the Center for Experiments in Art, Information and
Technology from 1990 to 1998. He taught at Mills College from 1979 to
1990, was Professor of Music, Head of the Music Department, and Director
of the Center for Contemporary Music and held the Darius Milhaud Chair
from 1987 to 1990.

He studied at the University of Illinois with Salvatore Martirano, Lejaren
Hiller, Kenneth Gaburo, Gordon Binkerd, Bernard Goodman, Paul Rolland,
Jack McKenzie, Soulima Stravinsky and John Garvey among others and
has worked and taught in innovative institutions, such as the Center for
Creative and Performing Arts at SUNY in Buffalo, New York’s Electric
Circus, York University in Toronto, where he was Professor of Music and
Interdisciplinary Studies, the University of Illinois, where he was awarded
the prestigious George A. Miller Professorship, New York University, the
Banft Center for the Arts, Simon Fraser University, the Aesthetic Research
Centre of Canada, the San Francisco Art Institute, the California College
of Arts and Crafts and Bard College.

His music, performances, and productions have been recorded on vari-
ous labels, most recently on Mutable Music, Centaur Records, Lovely Music
Ltd., Cold Blue, Pogus Productions, Tzadik, Black Saint, West Wind, Elektra
Nonesuch, Frog Peak Music and others. Examples of his recent projects
include Bell Solaris (Twelve Movements for Piano) and Seeing the Small in
the Large (Six Movements for Orchestra), both exploring new ideas about
counterpoint and musical transformation, Chanteuse, a CD of new song
forms with performance artist, Jacqueline Humbert, On Being Invisible IT
(Hypatia Speaks to Jefferson in a Dream), a self organizing, multi-media
opera involving brain signals, Naked Curvature, a modular score on the
mystical writings of Yeats and others for instruments, whispering voices,
and interactive computer music systems composed for the California EAR



David Rosenboom 89

Unit, performances of little known pioneering music from the David Tudor
Archives at the Getty Research Institute with colleagues, Vicki Ray, Mark
Trayle, and Ron Kuivila, a new CD of Zones of Influence, a concert length
work written for percussionist, William Winant, and the Touché, an innova-
tive electronic instrument designed in collaboration with Donald Buchla in
1979-1980, a new recording of And Come Up Dripping for oboe and com-
puter signal processing, with soloist, Libby van Cleve, two works exploring
a new scoring technique involving notational configuration spaces, Zones
of Coherence for solo or multiple trumpets written for Daniel Rosenboom
and recently released on a CD of new trumpet works and Twilight Language
for solo piano referring to a mystical language of Tibetan Siddahs and writ-
ten for Vicki Ray, and, in collaboration with director, Travis Preston, Bell
Solaris- Twelve Metamorphoses in Piano Theater, a ground-breaking, visual
theatrical expansion of this earlier solo piano work into a full-evening pro-
duction with a live video ensemble.

Rosenboom is author of influential books such as Biofeedback and the
Arts and Extended Musical Interface with the Human Nervous System and pa-
pers such as Propositional Music: On Emergent Properties in Morphogenesis
and the Evolution of Music; Essays, Propositions, Commentaries,
Imponderable Forms and Compositional Methods, Improvisation and
Composition-Synthesis and Integration into the Music Curriculum and
Collapsing Distinctions: Interacting within Fields of Intelligence on Interstellar
Scales and Parallel Musical Models. He is also co-author with Phil Burk
and Larry Polansky of the widely used computer software environment for
experimental music, HMSL (Hierarchical Music Specification Language).
Currently, he is working on a book about compositional models, entitled
Propositional Music, and other writings in interdisciplinary topics combin-
ing music with neuroscience, cognition, self- organizing systems, evolution,
theoretical physics and possible forms of intelligence.

More information is available at: http://music.calarts.edu/~david

Recent CD’s with Rosenboom’s Music

How Much Better If Plymouth Rock Had Landed On The Pilgrims, first
complete recording of all nine sections of major, historic work from
1969-1971. Featured performers include Swapan Chaudhuri (tabla),
Erika Duke-Kirkpatrick (cello), Vinny Golia (winds), Aashish Khan
(sarode), Daniel Rosenboom (trumpets & co-production), David
Rosenboom (piano, electronics, & coproduction), I Nyoman Wenten
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(Balinese instruments), William «Willie» Winant (marimba & Balinese
instruments), two progressive rock/new music/metal bands from Los
Angeles, Plotz! & DR. MiNT, master recording engineer, John Baffa,
piano technician, Alan Eder, and others. CD booklet includes two es-
says, musical notes and analyses by Chris Brown, and “The ‘60’s as an
Intellectual Monster” by philosopher-writer, Sande Cohen. New World
Records, 80689-2, 2009, double-CD http://www.newworldrecords.org/

Future Travel, digital re-mastering of 1981 compositions for one of the
first digital keyboard instruments, Touché, piano, violin, percussion and
300 Series Electric Music Box from Buchla and Associates, all played by
Rosenboom. A newly re-edited version of And Out Come the Night Ears
with material never before released for piano and 300 Series Electric
Music Box is also included, New World Records, 80668-2, 2007, http:
/Iwww.newworldrecords .org/

Brainwave Music 2006, re-release of classic works form the original 1976
album on A.R.C.

Records, together with a new recording of Four Lines (Two High) (2001)
for electronic tracks derived from auditory event-related potentials in
the brain doubled by violin and oboe lines performed by Rosenboom
and Libby Van Cleve, EM Records, EM1054CD, 2006, http: //www.
emrecords .net/

Bloodier, Mean Son (trumpet virtuoso, Daniel Rosenboom performs
world premiers of diverse new trumpet works, including two by David
Rosenboom), Ninewinds Records, NWCD 0238, 2005, www.ninewinds.
com & www.danielrosenboom.com

Suitable for Framing (forms of freedom for two pianos, mrdangam and
kanjira, with J.B. Floyd and Trichy Sankaran), Mutable Music, 17517-2,
2004, www.mutablemusic.com

And Come Up Dripping (oboe extended techniques and interactive electron-
ics, with Libby Van Cleve), published with the book, Oboe Unbound,
Scarecrow Press, Lanham, MD, 2004, www .scarecrowpress.com

Chanteuse, Songs of a Different Sort (new song forms performed by
Jacqueline Humbert with electronic soundscapes, arrangements and
compositions by Rosenboom and others), Lovely Music, Ltd., LCD
4001, 2004, www.lovely.com

Invisible Gold (classics of live electronic music involving extended musical
interface with the human nervous system), Pogus Productions, 21022-2,
2000, www.pogus.com
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Music from-On Being Invisible II (Hypatia Speaks to Jefferson in a Dream)
(selections from a self-organizing chamber opera for brainwaves, speak-
ing voices, musicians, and multi-media computer performance), on
Transmigration Music, Centaur Records, CRC 2490, 2000, www.cen-
taurrecords .com

Two Lines, David Rosenboom and Anthony Braxton, (music for winds, MIDI
piano, and interactive software), Lovely Music, Ltd., LCD 3071, 1995,
www.lovely.com

A Precipice in Time, (for percussion, saxophone, cello, piano-celesta,
and sound rotation), on The Virtuoso in the Computer Age-I, Centaur
Records, CDC 2110, 1991, www.centaurrecords .com

Systems of Judgment, computer music system and auxiliary instruments,
Centaur Records, CDC 2077, 1989, www.centaurrecords .com

Some other sources for Rosenboom's music and writings are:

Frog Peak Music: www.frogpeak.org Electronic Music Foundation: www.
emf.org CDeMusic: www.cdemusic.org

Leonardo on-line: mitpress2.mit.edu/e-journals/Leonardo American Music
Center: www.amc.net

NewMusicBox: www.newmusicbox.org
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Systems of Judgment: Program Notes

David Rosenboom

Systems of Judgment was composed in 1987 as the musical score for
a choreographic work by Duncan MacFarland of DancArt Company, San
Francisco, which also involved interactive sculpture by Australian artist,
John Davis. The music has been presented extensively in liveperformances
in North America, Europe, and Australia. A recorded version was released
in 1989 by Centaur Records (Centaur #CRC 2077) http://www.centaur-
records.com/

There is a conceptual paradigm, which guided the creation of the musi-
cal form. It attempts to elucidate parallel views of evolution by examining
and speculating about processes that we, or any organism or any system,

Hypothetical Composition
Form Trajectory

AN

N
NI

Ontogenetic (individual)
fth_self-reference combinatorics counterpoint

L
5 Symbolic {social) é;f’

primitive referential advanced
(image, rhythm)
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must use to learn to make differentiations, be self-reflexive, and arrive at
judgments from which language may be formulated.

The counterpoint of the form is conceived in a multi-dimensional con-
cept space linking three views of evolution. The first focuses on an ontoge-
netic view, the evolution of the individual of a species. Its imagery involves
using the idea of the drone, a sonic singularity, to represent birth or the be-
ginning of self-consciousness. From there it proceeds through a process of
self- reference, using smaller divisions of the drone, to develop a combina-
toric view of the elements of experience, resulting in complex counterpoint
and a view of harmonious relationships. The second is a stochastic view of
evolution by probabilistic processes. It represents the evolution of thought.
It begins with the idea of an undifferentiated field of evenly distributed
energetic events. Asymmetries develop inside the field, from which arises
the concept of resonance. As these resonant warpings of the field recruit
more and more of the surrounding events into an ordered relationship
with them, patterns result, ending with the creation of an alphabet. The
third view of evolution is symbolic of social organization. It attempts to
juxtapose a scale of primitive to advanced imagery against the other two
views and provide a counterpoint of semantic references examining ideas
of meaning and context.

The macrostructure of the work involves an enfolded fabric of golden
ratio time proportions. A carefully defined set of themes and harmonic
structures are subjected to transformation processes, which produce vari-
ations, but which preserve essential shape or contour characteristics. These
are combined with various collected sound images, each of which becomes
a player or leitmotif in the scenario for evolution that unfolds. The drama
in the work involves a tension between the three views of evolution. At
any point, each view has a certain strength value. All three progress in
time simultaneously. The final, single evolutionary trajectory that results
mixes and balances the three views in an essential tension. This provides
the programmatic content for Systems of Judgment.

The music of the complete work unfolds through six sections, preceded

by an environmental sound prologue.
Prologue - The Portent of a Transporting Environment; Dreaming
Pathways for Great Journeys; Passing Images of Movement; Removal
from Habitual Context; Jambuwal the Rain and Thunder; The
Complementarity of Major and Minor
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I. Initial State - The Field of Birth; The Drone; The primi-
tive; The Theme of Wonderment; Transformations on the Theme of
Wonderment I; The Stream at Crawford Notch

II. Central Section - Rhythms of Self-Reference; Resonant
Recruitment; Establishing the Alphabet; Jambuwal Returns with
Friends; The Motive of Choice; Emerging Syntax; Warping the Initial
Field

III. Interrupt 1 - The Idea of Interruption of Ongoing Process;
Piece for Analog Computer (+Sax); Transformations on the Theme of
Wonderment I1

IV. Meaning - Developing a Basis for Drawing Conclusions;
Anticipation of Action; The Macro- Organism Begins to Reveal Itself
to the Separate Entities; The Paths of Counterpoint Continuously
Approach and Veer Away From One Central Attractor; Two Lines +
Electric Organ + Koto Shape; JambuwalReturns Again

V. Interrupt 2 - Continuous Interruptions Become Ongoing
Process; Counterpoint Module vI1A; Chart Pieces I, II, andII
(Orchestral Version); Transformations on Samples from Chart Pieces
VI.Meaning In Context - Chart Pieces (Continuation);
Transformations on the Theme of Wonderment I1I; Harmonic
Elaborations on the Theme of Wonderment; Counterpoint Module v1B;
Music for Unstable Circuits (+Drums); Combinatoric Counterpoint;
The Alphabet; The Advanced; The Mt. Washington Train; Paths Which
Spiral Out from a Point; Paths Which Spiral in Towards the Same
Point; The Chants of York (+Strings and Brass)

Maintaining the feeling of wonderment, perhaps the life force that
drives evolution, constitutes a primary discipline in the piece. Landscape
imagery helps create it. As members of an advanced culture we confront our
own primitivism by invoking an elevated state of consciousness associated
with looking upon a vast expanse, be it a grand Australian desert or the
modern notion of entire universes being created from infinitely compact
singularities, which we, in our modern primitive language, can only refer
to as nothing.

The sound synthesis processes involve digital synthesis with non-linear
wave-shaping algorithms, sampling and re-synthesis with digital filtering
and other transformations, time domain processing, hybrid analog syn-
thesis with computer control, unstable feedback circuits whose behavior
is described by the mathematics of chaos dynamics, voltage-controlled
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pulse- wave frequency dividers, pitch and amplitude tracking, and analog
computer circuits. Information applied on the level of compositional form
sometimes results from algorithmic pattern generation or manipulation
of pre-composed themes along with patterns extracted from dominant
resonances contained in concreéte sound sources. Concréte sources range
from rainstorms and waterfalls to trains, birds, human voices, motors, en-
gines, interesting outdoor environments, and sounds from acoustic instru-
ments and transformed ensembles. Nonelectronic instruments used in live
performance include violin, piano, and light percussion instruments from
Africa, the Middle East, North America, and Aboriginal Australia.
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Akustika v ucitelském studiu hudebni vychovy

Pavel Klapil

Pivodni pedagogickou aprobaci autora této stati je matematika - fyzi-
ka. Na pocdtku svého piisobeni na hudebné vychovné katedre priblizoval
studentiim priiniky fyzikdlniho a hudebniho svéta. Napsal 50strdnko-
vé skriptum Akustické zaklady hudby, které vyslo ve 3 vyddnich (1970,
1975, 1992). Byl na stdzi u prof. Otta Goldhammera, autora pfistroje
zv. skalafon, na Vysoké skole pedagogické v némeckém Halle. Na skalafonu,
jehoz jeden exempldf znacky Lindholm dosud katedra viastni, pak tadu let
studentiim i dalsim zdjemciim demonstroval nékteré hudebné - akustické
jevy, zejména ladéni. Vyuzival akustickych momentii v predmeétech, jez ca-
sem prebiral, v intonaci a harmonii, coZ ptispivalo k lepsi orientaci studenti
v oboru.

Mezitim viak doslo k elektronizaci demonstracnich pomiicek. Proto
zde jiz neni prezentovin skalafon, ale DVD nazvané Teorie ladéni, hud-
ba pohledem fyziky a fyziologie, pfindsejici prehledné vyklady doplnéné
zvukovymi ukdzkami. Univerzita Karlova v Praze je v r. 2004 vydala ve své
edicni fadé CHARLES MULTIMEDIA CREATIONS. Vzniklo na 1. lékarské
fakulté UK v rdmci vyzkumného zdméru MSM 111100008, rozvojovy kod
MSMT 237352, FRVS 2742/2003, jehoz hlavnimi fesiteli i autory DVD jsou
doc. RNDr. Jan Obdrzdlek, CSc., a MUDr. Jifi Kofrdnek, CSc.

> zvukové ukazky z DVD: mikrointervaly 1 az 128 centi, alikvotni tony,
srovnani jednotlivych ladéni...

Hlavnim hudebné akustickym tématem jsou alikvotni tony (téz tony
svrchni, vys$s$i harmonické, parcialni, ¢astkové ; zde dale jen: alikvoty).
Uvodem ale pfipomeneme dva okruhy, které s nimi pfimo nesouviseji,
maji v$ak rovnéz vyznam pro budouci praxi nasich studentd.

Jsou to predevsim interferencni razy (zaznéje). V hudebni praxi se uzi-
vaji k presnému doladovani nebo naopak k zdmérné tvorbé tremola (napt.
pti opakovaném /dvojitém/ playbacku s6lového unisona nebo v akordeono-
vém rejsttiku oznacovaném ee). Nachdzeji uplatnéni i pfi sluchové analyze
vicezvuki obsahujicich disonujici ptltéon: pfi vzdalovani ptivodné totoz-
nych frekvenci dvou ténovych zdrojti razy houstnou, az pti dosazeni putlto-
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nu pusobi jako vréenti (rrr...), které Ize v analyzovaném souzvuku snadnéji
vyposlouchat (vr¢i to nahote, uprostied, dole).

Dalsim okruhem je vyznamny Weber-Fechnertv psychofyzikalni zakon
(»meéni-li se fyzikdlni podnéty piisobici na nase smysly fadou geometrickou,
vnimdme jejich zménu v fadé aritmetické®) a jeho praktické disledky: velké
zmény podnétt vnimame jako jen malé zmény pocitkt. Mélo efektivni
je proto snaha o zvy$eni celkové hlasitosti hudebniho ansamblu (sboru,
orchestru apod.) cestou zvy$ovani poctu ucinkujicich, efektivnéjsi je zlep-
$ovat podminky pro odraz Zadoucich a pohlcovani rusivych frekvenci, a to
zménou povrchi stén uceben a salt, premisténim pddia ¢i ucinkujicich
apod., popt. rovnou vyuzivat kvalitnich zesilovacich zafizeni.

Weber-Fechnertiv zékon lze konkretizovat: kde se objektivni pfi¢iny
nasobi, tam se vysledné vjemy jen s¢itaji. Skladani (s¢itani) intervala se
tedy zpétné matematicky provadi nasobenim jejich tzv. relativnich vysek
(uréujicich kmito¢tovych pomért plynoucich ze spektra alikvotnich tont;
dale jen spektra; viz déle), od¢itani intervalti pak jejich délenim.

> v notach: ocislované spektrum ténu C (tény ¢. 1-10, 12, 15, 16, ton
¢. 4 zvyraznén)

Relativni vysky (relativni = pomérné = vztazné, matematicky vy-
jadfované pomérem, podilem, umérou, zlomkem) jsou kmito-
¢tové poméry jednotlivych intervala: ¢ista oktava 2:1, ¢ista kvin-
ta 3:2, Cistd kvarta 4:3, velkd tercie 5:4, mald tercie 6:5, velkd
sekunda 9:8, mala sekunda 16:15. Jsou ve vSech absolutnich vyskach
(frekvencich, udavanych v hertzich, Hz, tj. v po¢tech kmitti za sekundu) u téhoz
intervalu stejné, zatimco rozdil frekvenci se u téhoz intervalu lisi podle toho,
ve které absolutni vysce se nachazi.

Soucet velké tercie a malé tercie je ¢istd kvinta, coz vyjadiime vynasobenim
relativnich vysek: 5/4 (velka tercie) krat 6/5 (mala tercie) se rovna 30/20,
tedy po vykraceni 3/2 (¢ista kvinta). — Dalsi priklad: oktava bez kvinty
je kvarta: 2/1 (¢ista oktava) déleno 3/2 (¢ista kvinta) se rovna 4/3 (Cista
kvarta).

Jiz se znalostmi matematiky ze ZS mohou studenti také pochopit, pro¢
zékladni ton spektra nese jiz poradové ¢islo 1, tedy nikoliv 0, prvni alikvot
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pak ¢islo 2, druhy ¢. 3 atd.: nulou nelze délit zadny tén, tedy ani zakladni
ton spektra, nemiize z podstaty véci mit nulovou frekvenci.

Tento poznatek G¢inné upeviuji vypocty frekvenci tonii (pomoci troj-
¢lenky /améry/), vychazejici z konstantni vychozi frekvence 440 Hz pro tén a'
(tzv. komorni a) a z relativnich vysek ,nécestného (-ych)“ intervalu (-i1),
napt. pro ton fis*:

- a'> 440 Hz,
- ton a’je o oktavu (1:2) vyssi, ma tedy dvojnasobny kmitocet > 880 Hz,
- ton fis’je pak o malou tercii nize (6:5) nez a? tedy:

880 : x = 6: 5 (kdyby $lo o tercii nahoru, byl by pomér opa¢ny, tedy 5 : 6,
viz déle)
6x =5 . 880 (nebot soucin clenii vnéjsich se rovnd soucinu clenii vnitinich)

x=733Hz

V rovnomérné temperovaném ladéni m4 tento tén frekvenci 740 Hz, cozje v této
frekven¢ni poloze rozdil zanedbatelny, uvazime-li, ze temperované f?md
698,5 Hz.

Vypocitejme nyni kmitocet horni malé tercie od ténu a? tj. ténu ¢
880:x=5:6

5x=6.880

A je$té obdobnym postupem kmitocet ténu h? tedy horni velké sekundy
od a’

880:x=8:9
8x=9.880
—x=990Hz

Oba pravé provedené vypocty ukazuji, Ze tén o kmitoctu 1.000 Hz,
tzv. referen¢ni ton, lezi mezi h? a ¢°. Je obecné dostupny jako ¢asové
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znameni stanic Ceského rozhlasu. Tén ¢’ je tedy jen zanedbatelné (asi
o polovinu pilténu) vyssi, nez tén ¢asového znameni CRo. Pro hudebniky
s dobrym relativnim sluchem, tj. pro vétsinu z nich, je to nepochybné vy-
znamné praktické zjisténi.

Toény ¢. 2 az 8, popt. az 10, spektra 1ze demonstrovat na flazoletech jedné,
nejlépe nejnizsi struny smyc¢cového chordofonu. Pomérné presvédcivé je také
mozno je vyvolat pomoci jiného zdroje zvuku, umisténého v tésné blizkosti
ust (bzudiciho vibra¢niho holiciho strojku), kdyz pfitom nehlasné a spojité
nastavujeme pootevienou ustni dutinu na fadu vokalb u >o0->a->e->1i;
zde je jiz nasnadé poudeni o formantech vokali a o tzv. alikvotnim zpévu,
ktery se dnes tési rostouci pozornosti i v Evropé. Veobecné pouzivané je
vyvolani rezonujicich alikvott na klavirnich strundch pfi odkrytych du-
sitkach.

Nejdostupnéjsi prezentaci spektra pfinasi zvuk (tén) zvonu. Jeho bez-
konkuren¢ni témbrovou atraktivitu zptisobuje zaznivani totélniho alikvot-
niho ,véjife“ — spektra alikvotnich tént zékladniho tonu (déle jen spektra).
Exkurze do zvonatstvi a zejména poslech doznivajictho zvonu v jeho bez-
prostiedni blizkosti mtiZze byt pro studenty cennou zkusenosti.

Zamérime nyni pozornost na alikvot ¢. 4 (v nasem spektru vyznaceny),
druhou oktévu zdkladniho ténu. Je to didakticky pozoruhodné ,vyzivny“
rozcestnik mezi melodickymi a tonalné — harmonickymi predstavami stu-
dentd.

Vyvojové prvotnim smérem jednohlasého vokalniho melodického pohybu
je smér descenden¢ni. Klesame-li pti zpivaném glissandu od naseho alikvotu
¢. 4, zcela spontdnné pocitujeme jako nejbliz$i spodni ptirozeny cil ali-
kvot ¢. 3. Pfekonali jsme pfitom vzdalenost klesajici ¢isté kvarty (c - g),
coz je zakladni smér a prostor melodického pohybu starovéké hud-
by, tetrachord. Porovnanim dvou sousednich tetrachordd, at jiz spo-
jenych autenticky ¢i plagalné, s oktavou, kterd byla v hudebni fyloge-
nezi vzdy ptitomna jakoZto atribut smiSeného (muzsko - Zenského)
unisona, dostaneme interval celého tonu, ktery se pak do tetrachor-
du vejde 2%krat. Tim jsou dany velikosti celého ténu a piltonu, jakoz
i zasada jejich stfidani — diatonika. Za pomoci alikvotniho spektra tedy
miizeme studentiim raciondlné zptistupnovat principy prvotniho melo-
dického pohybu antické i folklorni hudby.

V opaéném smeéru, nad alikvotem ¢. 4, se rozprostira durovy kvintakord.
Akordy tedy primarné vznikaji zdola nahoru a akord 4 : 5 : 6 je zdkladnim
ptirozenym (= pfirodnim) souzvukem. Je to terciova struktura s nejnizsimi
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sousednimi alikvotnimi ¢isly (a tercie jsou,ov§emze s vyjimkou primy,
nejmensi konsonance). Durovy akord a potazmo cely durovy tonorod je
tedy fyzikalniho, pfirozeného piivodu a jako takovy je nezavisly na oficidlni
teorii hudebniho ladéni té které svétové kultury. Je obrovskou prednosti
evropské hudby, Ze prijimala za zdklad svych vyskovych relaci pravé jej.

Nové se objevujici vystizny termin durovd dominance lze v této sou-
vislosti do jisté miry vztahnout na veskeré realné akusti¢no (,zvucno®),
zjevné napt. na jiz zminéné zvonéni, z néhoz lze charakteristicky alikvot
¢. 5, durovou tercii, zfetelné vyposlouchat.

Durovy kvintakord je bezesporu také nej¢astéj$im podprahové vnima-
nym souzvukem, nebot je fakticky pfitomen ve spektru kazdého témbrové
specifického ténu. Je téZ vyznamnym faktorem, ktery usnadnuje zdpadni
hudbé vSech Zanra pronikani do exotickych zemi. Opacény smér, z vychodu
na zapad, jiz neni - pro priliSnou spekulativitu tamnich vyskovych struktur
- tak snadny. Pfipada-li nam ptvodni orientalni hudba na prvni poslech
jakoby rozladéna, neni to pfiznakem naseho hudebniho konzervatismu
ani xenofobie, nybrz reakci na jiné neZ prirozené soustavy. Lze naopak
ocekavat, Ze tam bude evropsky (americky?) durovy kvintakord do jisté
miry vSeobecné akceptovanym fenoménem mimohudebnim, ozyva-li se
napt. v rychlych akordickych rozkladech klaksont automobild, signélech
mobilnich telefont, zvucich détskych hracek apod. Je to audialni analogie
vizualniho podprahového vyuzivani krati¢ce exponovanych grafickych log
pti nekalych reklamnich ¢i predvolebnich praktikach (v nékterych spora-
danych zemich nezékonného).

Nésledujici alikvot, onen z hudby ¢asto vypuzovany, pry falesny,
prilis nizko lezici tén ¢. 7, byva presto i hudebné rovnocennou soudas-
ti alikvotniho spektra. Pfirozeny tvrdé maly (zv. dominantni) sept-
akord4:5:6:7 (c - e - g - hes) je ze septakordit bezpochyby nejli-
bozvuénéjsi (tj. nejméné volajici po rozvodu). Stoji-li pak opravdu
na dominantni (kvintové) funkci, ma jeho septima predepsany roz-
vod doltt a mtze tedy byt jakoZzto potencialni citlivy tén (viz dale)
i snizené intonovana (7 : 6 < 6 : 5), coz odpovida jejimu postaveni ve spek-
tru.

Na ténice byva tento septakord také nositelem modalniho zabarveni.
Myslime zde hlavné na rozfuk fujary, v némz je pfirozena mala septima
objektivnim mixolydizujicim faktorem.
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> ukazka hry na fujaru (slovakian bass overtone flute) s rozfukem

Autonomita tvrdé malych septakord se projevuje v tom, Ze jsou ,,pfenos-
né“ na véechny hlavni funkce, jakkoliv tam jsou z pfisného hlediska klasické
harmonie nedogkalné. Je to mj. ptizna¢né pro jazzovou durovou kadenci
zvanou bluesova dvanéctka (C” - F'- C7 - G7 - C?). Doplnime-li nadto
takovy septakord o velkou sextu — tzv. Sestku — dostaneme sled c - e - g -
a - hes (C*), jehoZ pivab muze spocivat v tom, Ze ve svém rozkladu imituje
spektrum: kazdy jeho dalsi interval je mensi nez predchazejici (v3 - m3
-v2 -m2).

Hudebni psychologie mluvi o tom, Ze souzvuky inverzniho inter-
valového slozeni maji stejnou miru disonance. V pfipadé tvrdé malého
septakordu by takovym byl septakord zmensené maly (m3 - m3 - v3,
napf. fis - a - ¢ - e), ptipomenme si jej napf. v incipitu cyklu Dumky
Antonina Dvoraka, op. 90, ukazka zivé na klavir). Obecna hudebni
praxe vSak tomuto akordu ani zdaleka nepfiznéva stejnou miru au-
tonomity, jakou ma septakord tvrdé maly (v3 - m3 - m3), a to ne-
pochybné proto, ze nema srovnatelnou oporu v pfirozeném spektru.
Na prikladu této dvojice septakordi miizeme studentiim poukazovat
na vyvojové sekundarni, spekulativni povahu descenden¢nich symetric-
kych konstrukci, a to v¢etné mollovych akordii (mollovy kvintakord byva
definovén alikvotnim pomérem 10 : 12 : 15, tedy mnohem vy$$imi a pro-
to méné zajimavymi poradovymi tony spektra) a v daisledcich i celého
mollového ténorodu, tedy konstrukei, které souhrnné oznacujeme jako
dualismus.

Nauka o harmonii déli, i kdyz ponékud vagné, alterované akordy na pravé
anepravé, a to podle toho, zda obsahuji interval zmensené tercie (zvétsené
sexty). Mezi nepravé byvaji zafazovany i ty, které jsou enharmonicky shodné
s tvrdé malym septakordem (popt. jeho obratem). Takové si sluchova pa-
mét vzapéti spontanné ztotoznuje s relaci 4 : 5: 6 : 7. tedy jakoby s nahle
se objeviv$im a dal$i rozvod neocekavajicim mimotonalnim D’.

Asi nejcastéji to byva alterovany septakord (v C dur) dis - f -
a - ¢, v obratu a po enharmonické zaméné f - a - ¢ - es, tedy F’
(Jaroslav Jezek, Zivot je jen ndhoda, incipit), dale to jsou septakordy
H’, D7, As’, Des’.

Oznaceni téchto akordil za nepravé tedy lze chapat — ve srovnani s pra-
vymi - jako sice vii¢i hlavni toniné prisnéji vzato cizi, pro posluchace vsak
jakoby jiz dobfe znamé, tedy jako sluchové déja vu: déja entendu.
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Podle nazvu epochélniho Bachova dila znaji viichni termin temperova-
né ladéni (pfesnéji rovhomeérné temperované (originalni némecky titul je
Das wohltemperierte Klavier ; internetovy slovnik toto slovo neznd, prekla-
da vsak vazbu die wohltemperierte Wohnung jako dobfe temperovany byt,
tedy byt vytapény rovnomérné; ve francouzstiné le clavier bien tempéré)
s jeho dvanacti stejné velikymi piltony v oktaveé.

Temperované ladéni je od Bachovy doby obecné prijimanou normou,
vidyt hudebné sluchovy vycvik standardné probihd u takto naladénych
klavird. Je véak nemyslitelné, abychom studenttim tajili, Ze vedle néj existuji
dva dalsi silné systémy, mezi nimiz je ladéni temperované ,jen jakymsi
primeérem, kompromisem, a to nejen v historickém, ale i ve velmi konkrét-
nim, fyzikalnim, kmitocti se dotykajicim slova smyslu. Je to na jedné strané
ladéni pythagorejské, odvozené z kmitoctovych relaci mezi prvnimi tfemi
alikvoty, tedy z oktavy a kvinty, na strané druhé pak skupina ladéni ¢asto
souhrnné oznacovanych jako ladéni pfirozena, nebot vychazeji z vyssiho
poctu alikvota. Nejéastéji to byva prvnich deset (s vynechanim sedmého) ;
v tomto smyslu budeme v souladu s obecnou praxi tohoto oznaceni uzivat
vjednotném ¢isle (ladéni pFirozené), i kdyz pravé pri deseti zohlednovanych
alikvotech je terminologicky presnéjsi oznaceni ladéni didymické.

Detailnéj$i matematicko-fyzikdlni vyklad pteklenujicich vyvojovych
mezistupni (nerovnomérnych temperatur), o nichz tu zasvécené a poutave
hovotil muj predfe¢nik PhDr. Petr Koukal, Ph.D., neni pro nase studenty
jiz tak nezbytny jako jejich jiz naznacena protichidnost, polarita ladéni
ptirozeného a pythagorejského, a to, jak ukazuji nasledujici tabulky, jednak
polarita vzdjemna4, jednak polarita kazdého z nich vi¢i ladéni rovnomérné
temperovanému.

Nasledujici tabulky vysek jednotlivych stupniti durové a mollové stupnice
v pythagorejském a prirozeném ladéni a jejich odchylek od temperovaného
ladéni, udévanych v centech ( = setindch temperovaného ptlténu) jsou zajisté
vymluvnéj$i nez jejich matematicko-fyzikalni prezentace ve zlomcich:
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DUR

stupen | temperované | pythagorejské |  ptibylo centtl o(()idtcehn}i)kei.

L 0 0 0 0

II. 200 204 204 cely tén +4

II. 400 408 204 cely tén +8

V.| 500 498 pyig ;; f(‘)lrt;zk},, -2

V. 700 702 204 atd. +2

VL 900 906 204 +6

VIL 1100 1110 204 + 10

VIII. 1200 1200 90 0

Pythagorejské ladéni vychdzi z oktav a kvint. Musi se — bohuzel - vyrov-
navat s objektivni skute¢nosti, Ze dvandcta kvinta, ktera by méla byt stejné
vysoko jako sedmad oktava, je ponékud vyssi, a to o necelé 24 centy, tedy
asi o ¥4 temperovaného ptiltonu, protoze (3:2)'? > 27. Tento rozdil nazyva-
me pythagorejské koma. Na jednu kvintu pak pripadd jeho dvandctina, tj.
2 centy (tzv. chyba temperované kvinty). O né je pythagorejska kvinta vyssi
a pythagorejska kvarta ( = kvinta doli1) niz$i. Ostatni stupné se odvozuji
kvintovym kruhem (c - g-d - a - e - h), v némz mad proto kazda dalsi
kvinta o 2 centy vyssi odchylku, a to i po pfeneseni do vychozi oktavy. Oba
pultony si pak rozdéluji zbytek oktavy rovnym dilem, takze pythagorejsky
pultdn je o 10 centll mensi nez temperovany.

Mollova stupnice je v pythagorejském ladéni sestavena analogicky, tedy
z celych tént o 4 centy vétsich a ptltonti o 10 centli mensich nez v ladéni
temperovaném:
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MOLL (aiolska)
stupen | temperované | pythagorejské ptibylo centtl odchylka
od temper.
L 0 0 0 0
IL. 200 204 204 cely ton +4
I11. 300 294 90 paltén pytha- -6
gorejsky
Iv. 500 498 204 cely tén -2
V. 700 702 204 atd. +2
VI 800 792 90 -8
VIIL 1000 996 204 -4
VIIL 1200 1200 204 0
DUR
stupen | temperované | prirozené ptibylo centt odchylka
od temper.
L 0 0 0 0
1. 200 204 204 velky cely tén +4
II1. 400 386 182 maly cely tén -14
V. 500 498 112 pultén -2
V. 700 702 204 velky cely tén +2
VL 900 884 182 maly cely ton -16
VII. 1100 1088 204 velky cely toén -12
VIIIL 1200 1200 112 patén 0

Ptirozené ladéni vychazi z prvnich 10 tonu spektra (s vyjimkou ténu
sedmého). Kvarta, kvinta a druha kvinta, tén d (v C dur), jsou prevzaty
z ladéni pythagorejského. Ve spektru plati, jak jsme jiz poznali, Ze nasle-
dujici interval je vzdy mensi nez predchozi. Proto je interval d - e mensi
nez interval ¢ - d. Dostdvame tak dvé razné velikosti pro velkou sekundu,
cely ton velky (8 : 9) a cely ton maly (9 : 10), a durovou tercii proto nizsi
nez temperovanou. O¢ je v8ak tento tén e nizsi, o to vét$i musi byt piltén
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e - f. Jeho velikost je 15 : 16, a je tedy stejnd jako alikvoty téchto poradovych
disel, tény h - c.

Ténicky durovy kvintakord ¢ - e - g, 8 : 10 : 12, ktery takto vznikl,
je totozny s jiz poznanym kvintakordem 4 : 5 : 6, nebot pomér (podil)
je, matematicky vzato, zlomek, ktery Ize rozsifovat (zde dvéma), aniz se
zméni jeho hodnota, tedy4:5:6=8:10: 12 = ¢ - e - g. Toto zji§téni je
vyznamné i pro stanoveni ténui a a h jakozto durovych tercif kvintakordii
subdominantniho a dominantniho, které se také sklddaji z jednoho malého
a jednoho velkého celého tonu.

Vsechny tfi hlavni kvintakordy maji shodné kvinty slozené ze dvou
velkych celych tond, jednoho malého celého ténu a jednoho pulténu. To
plati i pro kvinty vedlej$ich stupntl, bohuzel jiz nikoliv pro kvintu d - a (je-
den velky a dva malé celé tony a jeden pultdn), ktera proto, stejné jako cely
akord II. stupné, zni fale$né (vi¢i interval).

Je dobré poukazat, Ze oznaceni pfirozené ladéni muze mit zavadéji-
ci emo¢ni sémanticky naboj: ndm prirozené, takze ndm milé ladéni.
termin je die natiirliche Stimmung, coz znamena ladéni pfirozené i pfirodni;
italské oznaceni je accordatura naturale.

Podle stejnych principii je v pfirozeném ladéni konstruovana i mollovd
stupnice aiolska:

MOLL (aiolska)

stupen | temperované | prirozené ptibylo centt odchylka
od temper.

L. 0 0 0 0

IL 200 204 204 velky cely ton +4

III. 300 316 112 pultén +16

IV. 500 498 182 maly cely tén -2

V. 700 702 204 velky cely ton +2

VI 800 814 112 pualtén +14

VIL 1000 1018 204 velky cely tén + 18

VIIL 1200 1200 182 maly cely ton 0
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Pripomenme nyni slova, ktera na olomoucké katedte HV nedavno pro-
nesla hostujici dr. Anna Derevjanikovd, Ph.D., specializujici se na PreSovské
univerzité na pravoslavny liturgicky zpév a rusinsky pisnovy folklor. Na do-
taz studentd, v ¢em spociva specifickd zvukova atraktivita pravoslavnych
sbortl, odpovédéla, zZe predevsim v naboZzenském prozitku, rovnéz vsak
ve snizovani tercif (v durovych akordech) a v uzké harmonii (parafrazoval
P. K.).

Durové kvintakordy (v dur to jsou hlavni funkce, T, S a D) se pfi sni-
zovani tercii priblizuji pfirozenému ladéni, prithlednym (,,prisly$nym®),
razll prostym souzvukim. Tony téchto akordi jako by se fadily do zakrytu,
splyvaly, pfipodobnovaly se prazdnému - pro nékoho snad az prilis - zvuku
oktavy ¢i kvinty.

> dvé ukazky: lidova pisen v podani rusinského folklorniho sboru
(Anna Derevjanikova) sborova skladba B. Smetany Md hvézda (Josef
Veselka)

Stejny efekt je patrny i u durovych akordt v mollovych toninéach, tedy
u dominanty a — ponékud paradoxné — i u vedlejsich stupna.

Druhy Derevjanikovou vysloveny postulat, izka harmonie, vztahujici se
v duchu jeji ustalené definice na tfi horni hlasy ¢tyrhlasu, tedy véetné te-
noru, je rubem téZe mince: bez priblizeni k frekven¢nim relacim spektra
- v¢etné nize poloZenému toénu €. 5, durové tercii - by obtiznéji dochazelo
k ocekdvanému akustickému efektu tzv. diferenénich (téZ Tartiniho) tonu,
jimiz z definice jsou - pravé pti sousednich pozicich v hornich hlasech,
tedy v tizké harmonii - zakladni tény jakozto tony ¢. 1 alikvotnich spekter
(f* - f*~!=f"). Tak jsou posilovany fundamentalni basy, které, jak pravi
i lidovd moudrost, tvrdi muziku.

> notova ukazka pravoslavného liturgického zpévu: Anna Derev-
janikova, IToiime Bozy nawemy, Pravoslavna bohoslovecka fakulta
PreSovskej univerzity, Presov, 2003

Na podobném principu je uréovana latentni tonalita nékterych intervald.
Sestupnou malou tercii (¢asty interval détskych fikadel nebo zpévu ku-
kacky), napt. g? - ¢’ spontanné chapeme jako postup od alikvotu ¢. 6 k ¢.
5 spektra ténu ¢, tedy v C dur. Zvétseni tohoto intervalu na velkou tercii
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g - es nas vSak nezavede do ¢ moll, spontanné je to pro nas interval od 5.
ke 4. alikvotu fady velkého Es, tedy v Es dur, zvét$i-li se na kvartu g - d, jsme
podle téhoz principu v G dur, nebot jde o 4. a 3. alikvot fady G. Dodejme,
ze takovéto postupné zvétsovani intervalu od malé tercie (na jare) pres
velkou tercii (v 1été) az na kvartu, nékdy az tritén (na podzim), se v ro¢nim
rustovém cyklu kukadek skute¢né objevuje, sledujte to a dte mi za pravdu.

S diferen¢nimi tény se nasi studenti casto setkavaji v duetech zobco-
vych fléten. Tény dvou sopranovych zobcovych fléten znéji loco na roz-
mezi dvou- a tfi¢arkované oktavy a jejich diferencni tény se pak pohybuji
na hranici jedno¢arkované a malé oktavy, tedy ve frekvenéni oblasti jakoby
jinosského tretiho hlasu.

Naznacili jsme, Ze ladéni ptirozené prindsi libé pocity pti vinimani sou-
zvuki. Opakem je ladéni pythagorejské. Je to ladéni jednohlasu. I dnes,
v dobé melodii jiz latentné harmonickych, stale ztetelné plati, Ze se, chce-
me-li dosdhnout melodické presvéd¢ivosti, spojitosti, klenby, uchylujeme
k tomuto ladéni, a to nejcastéji tak, Ze zdiraziujeme rozdil mezi celymi
tony a pultony (cely ton je kus, piilton jen kousicek). Je to patrné pii jedno-
hlasé intonaci stupiiovitych melodii. Rovnéz pti houslové vyuce plati pro
hru palténii a celych tont jednoduché pravidlo: sousedni prsty k sobé (pul-
tén) nebo od sebe (cely tén). Prva z téchto pozici je jiz z pohledu na tenké
détské prstiky na houslovém hmatniku znatelné mensi nez skute¢nd polo-
vina pozice druhé. (Toto ladéni se — historicky rovnéz ponékud paradoxné
- uplatiiuje i v nynéj$im durmollovém obdobi tim, pfispiva k polarité mezi
obéma ténorody: durova tercie se intonuje jesté vyse, mollova jesté nize.)

Maximalni zmenseni vidime v pythagorejském ladéni u pilténu 4 - c.
Je to oproti temperovanému ladéni plnych 10 centd. Zde jiz mtiZe jit o tzv.
zaostfenou intonaci citlivych tont (viz déle).

Zminme se vsak jesté o zajimavém a dobte pozorovatelném jevu v into-
naci opernich sélisttl, z profese navyklych intonovat melodicky, tedy vice-
méné pythagorejsky. Ocitnou-li se v situaci vicehlasého komorniho zpévu
typu Rozmysli si, Mafenko, rozmysli, znéji souzvuky v jejich podanich ne-
prijemné, drsné. Zcela se tomu zde nevyhnul ani Smetana, jakkoliv nechal
tento soubor solistl zpivat a cappella. (Tento fenomén se opét potvrdil
i pfi nedavném televiznim prenosu slavnostniho koncertu k jubileu Wiener
Staatsoper, a to v zavéru prvniho déjstvi Mozartovy opery Don Giovanni
se zcela $pickovym mezinarodnim obsazeni solistd.)
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> Rozmysli si, Marenko, rozmysli, z anglické nahravky Prodané nevésty,
Charles Mackerras

Dostavame se tak k poslednimu oddilu tohoto referatu, k velmi malym
(mikrointervalovym) odchylkam v interpreta¢ni praxi. Je znamo, Ze stu-
duji-li solisté (nejen houslisté, violoncellisté apod., ale, jak jsme pravé sly-
$eli, i pévci) svtij part prili§ dlouho bez klavirniho doprovodu, dochazi pri
naslednych korepeticich k neptijemnym znejistujicim vyskovym stfetim
mezi ,melodicky” intonujicim sélistou a temperované naladénym klavirem.

V poloviné minulého stoleti vystoupil rusky muzikolog N. Garbuzov
s monografii 3onnas npupooa 3eykosvicomnoeo cnyxa (Pasmovy charakter
sluchu pro ténovou vysku, Moskva, 1948), ktera jesté dnes budi pozornost
(viz google). Uvadi v ni, Ze jako tony urcité frekvence x vnimame i tony
jejiho relativné tésného (sluchové vsak, jak se ukazalo i pfi ukazkach z DVD
demonstrovaného v Gvodu toho referatu, jiz postfehnutelného) frekvencni-
ho okoli (x £ a*?), tedy jistého obalujiciho pasma, a teprve pfijeho prekro-
ceni se zac¢ind vnimani hudebni vysky klonit k sousednimu pilténu (jeho
pasmu). Na vysledcich laboratorniho méfeni téi provedeni (Oistrachova,
Elmanova a Cimbalistova) Bachovy proslulé Air (na struné g, ze Suity ¢. 3)
Garbuzov ukazuje, ze i renomovani Mistfi zmensuji, ,,zaostiuji ptlténové
intervaly mezi citlivymi a jejich rozvodnymi (cilovymi) tény, a to v uvede-
ném uryvku az o 35 Hz (v intervalu hes - a u Oistracha):

eI/alf‘dlcl/\h/\c‘hag/glelvhes/\adl/\cis‘glf‘/...

intervaly zmenseny zvét§en zmensen zmensen

Garbuzov tim déva za pravdu své teorii pasmového slySeni, v nasem
kontextu to navic dokladd opravnénost vidét (slyset) v citlivych ténech
specifickou soucast melodické intonaéni praxe.

Pro sluchovy vycvik nasich studentii z toho plyne nezbytnost navozovat
predstavu nalezité velikosti ptltonu (,neni to minimum, ale vzddlenost®)
a pevnou apriorni predstavu ndsledného rozvodného (cilového) ténu.

Volba tonové vysky, at jiz v rimci urcitého systému ladéni nebo u jed-
notlivych (napt. citlivych) tént, nemusi tedy byt chladnym fyzikalnim
aktem, ale i jednim z vyjadfovacich prostfedki uméni hudebni interpre-
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tace, ovSéemze natolik vyspélé, aby byla tohoto subtilniho rozliSovani viibec
schopna.

Bylo by moZno nachazet i dal$i momenty, které by racionalizovaly pti-
stup studentti k hudbé a hudebni vychové a vytvarely tak zdravou protivahu
kjejimu dne$nimu médnimu jednostrannému mystickému az obskurnimu
pojimdni.
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Hudebni ladéni myty a legendy

Petr Koukal

Cim vice se zabyvdme problematikou hudebniho ladéni, tim zfetel-
néji se dostavame do zajimavého kontextu. Zkusme si predstavit, ze by se
dne$ni muzikologicka konference v podobé, na jakou jsme zvykli, konala
nékdy v 18. ¢i jesté v prvni tfetiné 19. stoleti. Da se diivodné predpokla-
dat, ze pak by se hlavni a nejdtlezitéjsi referaty tehdejsich teoretika tykaly
témér vyhradné problematiky ladéni, respektive hudebnich temperatur.
Kam timto pfirovnanim mi¥im? Ke skute¢nosti, Ze na rozdil od minulosti
je dnes otazka hudebniho ladéni né¢im natolik samozfejmym a danym,
ze se o tom ani nemluvi. Jako by se dne$ni ladéni (jak vyskovy normal,
tak druh temperatury) pouzivalo odjakzZiva a nikdy jinak. Nepremyslime
o tom, pro¢ dnes ladime pravé takto, nanejvys je fe¢ o tom, zda ten ktery
umélec ¢i orchestr hraje ¢i zpiva ¢isté, aniz si uvédomujeme, co se pod
pojmem ¢istého ladéni vlastné skryva. Znalejsi hudebnici a muzikologové
védi, 7e ladime v tzv. rovhomérné temperature — to sice napovidd, Ze exis-
tuje i néjaké nerovnomérné ladéni, ale co to je, uz dnes védi jen specialisté.
V posledni dobé vsak pocet ,,zasvécenych® vzriistd, zejména mezi varhaniky
a umélci, ktefi se vénuji tzv. autentické interpretaci. Nicméné i v domaci
odborné literatufe a v pedagogické praxi stale nachdzime velkou nazorovou
a znalostni setrvacnost — a diky tomu preziva fada myt a legend.

Kdyz si uvédomime, Ze ladéni je jeden z nejzakladnéjsich kament hudby
viibec - protozZe bez naseho zptisobu ladéni a temperatury nebude hudba v té
podobg, jakou zname — pak by mélo byt zfejmé, Ze to ma obrovské presahy
do v8ech ostatnich obort, jak muzikologickych, tak do praktické hudebni
¢innosti. O autentické interpretaci uz zminka padla; dalsi presah je napt. do
hudebni psychologie — dnes uz vime, Ze rovnomérna temperatura je vnimana
jinak nez jiné druhy ladéni. I zde existuje fada mytd. Treba se fikd, ze kdyz
nechame instrumentalistu hrat bez klavirnitho doprovodu, za¢ne ladit do
prirozeného ladéni. Jenze v poslednich letech se ukazuje, Ze uz ne, dnes ladi
spiSe do rovnomérné temperatury, ktera se mu ,,vpalila“ do mozku'. Za¢ina

! KOPIEZ, REINHARD: Intonation of Harmonic Intervals. Adaptability of Expert
Musicians to Equal Temperament and Just Intonation. Music Perception, 2003, 24,
¢. 3, 5. 383-410.
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se tak ukazovat, ze vliv typu ladéni na samotnou hudebnost je daleko vétsi,
nez si uvédomujeme.

Porad se jedna o proces, ktery ma sviij vlastni, mnohasetlety vyvoj.
S urcitou nadsazkou je mozné fici, Ze z tohoto hlediska se mozna opét
ocitdme na dtlezité ktiZzovatce, kdy samozrejmost a vylu¢nost uzivani rov-
nomérné temperatury kon¢i a rozhoduje se, co bude dale, zda-li v hudbé,
ktera je provozovana i nové komponovana, se néco zméni. Prichazi doba
»multitemperaturni“?

Tyto skutecnosti v kontextu domaciho odborného povédomi témér ne-
nachazime. Pfeziva fada omyld, kde nejzatvrzelejsi je stale opakovand in-
formace, Ze rovnomérnou temperaturu prosazoval Andreas Werckmeister?
a prakticky uzakonil Johann Sebastian Bach’, a Ze od té doby se stale po-
uziva. Teprve kritické ovéfovani ukdze, Ze je tomu trochu jinak, nez se
mluvi, mysli a pise.

Vydejme se nyni touto cestou se snahou vyvracet mnohaleté nepresnosti
¢i omyly kolem rovnomeérné temperatury. Lze uz pfedem konstatovat, Ze
domadci literatura ze 70.-90. let minulého stoleti je pfekonana, ale to je
bézny a spravny vyvoj. Specialisté to uz dnes védi - proto jsem presvédcen,
ze kdyby napft. autor znamé knihy o evropském hudebnim ladéni Ludék
Zenkl psal svou studii* dnes, vysledek by byl zcela jiny.

Pro odpovidajici pochopeni je vhodné zacit shrnutim teoretickych z4-
kladd, tentokrat v kratkém historickém prehledu.

Uz od stfedovéku hudebni teoretikové chapali a popisovali hudbu po-
moci jejich ¢iselnych proporci a symetrie. V tom shledavali krasu, soumé-
fitelnou se samotnou harmonii vesmiru. Napt. Marchetto da Padova ve
svém Lucidariu (ca 1315) uvadi: ,,Inter caeteras arboret admirabilis musica
est, cuius rami sunt pulcre proportionati per numeros.“> A pravé na zakla-
dé téchto ,,krasnych proporci vznikaji konsonance a ,,sladké harmonie“.
Dokonalost proporci byla nutna i pro samotné ladéni - proto tehdy pou-
zivali ladéni pythagorejské, vychazejici z kvintovych a oktavovych krokd.
To v8ak predstavuje jen jeden typ tzv. pfirozeného (nebo-li ¢istého) ladéni,

> CERNUSAK, GRACIAN D¢jiny evropské hudby. Praha: 1972, s. 151.

3 VYSLOUZIL, JIRT Hudebni slovnik pro kazdého. 1. dil, Vizovice: 1995, s. 295.

* ZENKL, LUDEK Temperované a Cisté ladéni v evropské hudbé 19. a 20. stoleti.
Praha: 1971.

5 Scriptores ecclesiastici de musica sacra potissimum. Ed. Martin Gerbert, Tomus III,
St. Blasien 1784, s. 66.

¢ Tamtéz.
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vy

zaloZeného, jak dnes vime, na pomérech tzv. vy$sich harmonickych tént
(alikvottt). Podivame-li se na jejich ténovou fadu, miize se nam zdat, ze
jakakoliv symetrie zde chybi:
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Jako by $lo o omyl prirody ¢i, cheete-li, Stvortitele. Jenze tady se skryva
hlubsi zakonitost: pomér frekvenci téchto alikvoti tvori celd ¢isla. Diky
tomu durové ¢i mollové akordy, sestavené z takovychto tont znéji skute¢né
Cisté, tj. bez razli. A to je idedl, ke kterému vzdy sméfovala vétsina diivéjsich
teoretiktl i praktiki od poc¢atku polyfonie az do poloviny 19. stoleti. Teprve
pak nastava definitivni zlom, kdy je tento idedlni cil védomé odmitnut
jako nedosazitelny a pro sou¢asnou praxi dokonce nepotrebny. A v praxi
20. stoleti nadlouho upadne do zapomnéni.

Jenze pokud bychom méli pfi souzvuku dvou a vice téni dodrzovat
pravidlo o vyloudeni razti, pak bychom mobhli jen zpivat a hrat na smy¢cové
¢i dechové nastroje, a to jesté bez harmonickych modulaci. Na ,,normélni*
klaviaturu klavesovych néstroju se takova rada (pul)tont prosté nevejde.
P1i aplikaci ¢istého ladéni vznikaji znamé problémy:

1) Dvandct Cistych, nasledné stoupajicich kvint vede v sedmé oktavé zpét

k zakladnimu ténu.

Ten vsak je vy$si o pythagorejské komma - 23,5 c.

2) Tri ¢isté, nasledné stoupajici (velké) tercie vedou k oktavé, ktera je nizsi

o malou diesis - 41 c.

3) Ctyii ¢isté, nasledné stoupajici kvinty vytvoti v druhé oktavé (velkou)
tercii k zakladnimu ténu, ktera je o syntonické komma - 21,5 ¢ — vétsi
nez Cista tercie. Proto ptiladéni jsou tercie a kvinty vzajemné provazané.

Pravé tento problém provazi zapadoevropskou hudbu uz od vzniku
polyfonie. Cesta k jeho feseni je mozna pouze dvéma sméry: 1) vétsim
poctem klaves v ramci oktavy, 2) temperovanim (tpravou velikosti) ptltont
v ramci oktavy.

Rozsifovani poctu klaves vedlo k zavadéni tzv. subsemitonii, kdy pocet
kléaves v ramci oktavy byl vétsi nez 12. Prvni praktické vysledky nachazime
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u varhan’ a vzapéti i u cembal, kde vznikaji napf. znamd renesanc¢ni arci-
cembala®. Jenze technicky i hra¢sky bylo toto feseni velmi obtizné a ne-
praktické, takze se udrzelo jen do konce 17. stoleti. Na nasem tizemi o ném
zatim nemdame zadné pfimé zpravy, jeho ozvénou jsou pouze tzv. lomené
oktavy u baroknich varhan.

Druhym fe$enim jsou hudebni temperatury. Z praktického hlediska
jde o kompromis, kdy je prolomeno teoretické pravidlo o celo¢iselnych
pomérech téonovych vysek. Dochazi tak ke zvétSovani ¢i zmensovani (tem-
perovani) jednotlivych intervalt s cilem nalézt feseni, které je uzivatelsky
i posluchac¢sky ptijatelné — opusténi prirozené cistoty souzvuki s sebou
prinasi nezadouci razy (zaznéje). Ptthodné to vyjadfuje dobova definice
temperatury z pera némeckého teoretika Friedricha Wilhelma Marpurga
zroku 1757: ,Einem Intervalle etwas zusetzen oder abnehmen, heisst man
ein Intervall schwebend zu machen, dass das Ohr nicht darunger leidet,
heisst eine Temperatur*. Stejnou definici (kde o rovnomérnosti neni zmin-
ka) znovu pouzil jesté roku 1776, tedy dlouho po Bachové smrti. Jakkoliv
Marpurg strani rovnomérné temperature, je natolik objektivnim znalcem,
Ze popisuje i pfevazujici pouzivani jinych systémi ladéni a dokonce sam
jich nékolik navrhuje. Jeho definice uz jasné ukazuje, Ze tehdejsi proble-
matika hudebniho ladéni nebyla jen zalezitosti hudebni teorie, ale vzdy
se prenasela do oblasti hudebni psychologie a hudebni estetiky. To pfesné
vystihuje Kerala Snyder, kdyZ hovoii o tom, jak ladici systémy vyte¢né
reflektuji dobové hudebné estetické nazory'.

Kazdé stylové obdobi si vyzadalo svou temperaturu, aby vysledny zvuk
dobové hudby byl co nejéistsi. Vzdy bylo tfeba nékteré intervaly obétovat,
aby se mohlo lépe harmonicky modulovat a hrat i na nastroje s pevnym
ladénim; pritom nékteré tercie ¢i kvinty vzdy zistavaly Cisté. Az v posled-
nim obdobi (po roce 1860) se nase hudebni kultura uplné vzdala uvedené
Cistoty ladéni. Dodnes tak naprosta vétsina artificialni i non-artificidlni
hudby zazniva bez jakychkoliv ptirozené ¢istych intervald — vSechny bez

7 ORTGIES, IBO Die Praxis der Orgelstimmung in Norddeutschland inm 17. und 18.
Jahrhundert. Diserta¢ni prace. Gteborgs Universitet 2004, s. 147-179

¢ KOTTICK, EDWARD A History of the Harpsichord. Bloomington: 2003, s. 89 ad.
® MARPURG, FRIEDRICH WILHELM Anfangsgriinde der theoretischen Musik.
Leipzig: 1757, s. 117.

'© MARPURG, FRIEDRICH WILHELM Versuch iiber die musikalische Temperatur.
Breslau: 1776, s. 92.

" SNYDER, KERALA Organs as historical and aesthetic mirrors. In: The Organ as
a Mirror of its Time. Oxford: 2002, s. 16 ad.
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vyjimky (zejména tercie a sexty) jsou rozladéné. Stru¢né shrnuti prinasi

nasledujici prehled:

v kvintovém kruhu

ratury 18. stoleti
distribuce dilt pytha-
gorejského komma
(nejcastéji 1/6)

Obdobi Charakter hudby Typ ladéni Charakter ladéni
14.-15. prevaha kvint pythagorejské ladéni | ¢isté kvinty, rozladéné
stoleti a kvart celo¢iselné poméry | tercie, neexistujici kvin-
kvint tovy cyklus

16.-17. prevaha tercii stfedoténové tempe- | vétsina Cistych tercii

stoleti ratury distribuce dila | rozladéné kvinty ote-
syntonického komma | vieny kvintovy cyklus
(1/3,1/4,1/5, 2/7) s vl¢i kvintou

18. stoleti | potfeba modulaci | stfedotonové tempe- | otevieny kvintovy

kruh, minimalizace vI&i
kvinty

18-19. potfeba modulaci | nerovhomérné tem- | nékteré ¢isté kvinty
stoleti v kvintovém kruhu | peratury a minimum ¢istych ter-
(wohltemperierte cii cyklicky (uzavieny)
Stimmung apod.) kvintovy kruh
distribuce dilt pytha-
gorejského komma
19.-20. chromatické mo- rovnomérna tempe- | vechny intervaly necis-
stoleti dulace ratura té, hlavné tercie
novodoba enhar-
monika

Tento prehled je ryze schematicky; v praxi, jak uz dnes vime, byl az asi
do roku 1880 soubézny vyskyt riznych temperatur normdlnim jevem. Jesté
v prubéhu 19. stoleti se vedle rovnomérné temperatury pouzival\ i stfedo-
ténovd a nerovnomérna ladéni'.

Plné prosazeni rovhomérné temperatury se tak stalo zalezitosti az druhé
poloviny 19. stoleti. K tomu v$ak vedla dlouh4 cesta. K lepsimu pochopeni
a dolozeni tohoto vyvoje nam poslouzi citaty z dobové literatury.

Celé 18. stoleti 1ze charakterizovat jako nedokonc¢eny zapas o prosaze-
ni rovnomeérné temperatury oproti jinym, rozsirenéj$im zpiisobtim ladé-
ni. Neslo o souboj starého a nového, jak by se mohlo zdat. Pravé v tomto

12 Srov. novou odbornou literaturu, zejména prace autort jako Mark Lindley,
Theodor Meister, Franz Joseph Ratte ad.
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obdobi vznikla fada novych a kvalitnich nerovnomérnych temperatur
(Neidhardt, Valotti, Kirnberger), které spolu se star$imi (Werckmeister)
rovnomeérnou temperaturu jasné porazely. V samotném varhanarstvi se
vedle toho pouzivaly zdokonalené typy sttedoténovych temperatur. To plati
i o slavném Gottfriedu Silbermannovi, jinak pfiteli J. S. Bacha, Silbermann
rovnomérnou temperaturu odmital a tvrdé prosazoval sviij vlastni systém
ladéni®. Ptitom pravé jeho varhany se povazuji za ,bachovské®

Situaci na konci pocatku 19. stoleti popisuje Henrich Christoph Koch
takto: ,,Es sind sehr verschiedene Arten einer solchen Temperatur [...] von
welchen jedoch nur die beiden Hauptarten hier angezeigt werden kon-
nen, die man mit den Namen gleichschwebende und ungleischwebende
Temperatur bezeichnet, und iiber deren Vorziige die Meinungen noch bis
jetzt geteilt zu sein scheinen . Toto svédectvi tak doklada, Ze po roce 1800
stale panovala rozdilnost ndzort na vyhody rovnomérné temperatury, tj.
ze jiné typy temperatur se dosud bézné uzivaly.

Ve stejném roce (1802) vys$lo druhé vydani vyznamného hudebné es-
tetického spisu Uber die musikalische Malerey od Johanna Jacoba Engela
(1741-1802). Zde se dolteme: ,,Jede der zwolf Dur- und Molltonleitern un-
terscheidet sich von den {ibrigen durch verschiedene eigene Intervalle, und
bekommt dadurch einen eigenen Charakter.”> Z tohoto popisu vyplyva, ze
jeho autor popisuje uzavteny (cyklicky) toninovy kruh, coz predpoklada
i uzavienou temperaturu, av§ak nerovnomérnou - kazda tonina ma vlastni,
od jinych tonin odli$né intervaly (tj. rizné velké tercie apod.). Engel proto
jednozna¢né mluvi o vlastnim charakteru kazdé toniny a jako ptiklad uvadi
nemoznost transpozice z C dur do As dur. Je tak zfejmé, Ze v jeho hudebni
estetice nema rovnomérnd temperatura vibec Zadné misto.

O vztahu Johanna Sebastiana Bacha k rovnomérné temperature (kvili
jeho Dobfe temperovanému klaviru) se v té dobé nijak zvlast nemluvilo.
Dokonce mame k dispozici svym zptisobem opac¢né vyjadreni némecké-
ho kantora a skladatele Johanna Heinricha Zanga (1733-1811), podle né-
hoz Bach a dalsi velci némecti skladatele jako Telemann, Werckmeister

13 WEGSCHEIDER, KRISTIAN - SCHUTZ, HARTMUT Orgeltemperatur -

ein Beitrag zum Problem der Rekonstruktion historischer Stimmungsarten bei
Orgelrestaurierungen. Sonderbeitrag Heft 5, Michaelstein/Blankenburg 1988.

4 KOCH, HEINRICH CHRISTOPH Musikalisches Lexikon. Frankfurt a. M.: 1802,
heslo Temperatur, sl. 1499

15 ENGEL, JOHANN JAKOB Uber die musikalische Malerey. In: J. J. Engel s
Schriften. 4. Band. Berlin: 1802, s. 309.
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a Matheson sice na jejim hledani pracovali, ale prvnim, kdo rovnomérnou
temperaturu vynalezl, byl aZ Georg Andreas Sorge'® - tedy nikoliv Bach.

V boji za uznani rovnomérné temperatury pokracovali nékteti zastupci
mladsi generace. Ladéni bylo nadale tak dilezitym a aktudlnim tématem,
ze se jim tehdy zabyvali nejen hudebnici, ale i vyznamni myslitelé z jinych
obort. K nim patfil znamy filosof a pedagog Johann Friedrich Herbart
(1776 — 1841), ktery v roce 1811 pouzivani rovnomérné temperatury do-
porucuje’.

V nastrojarské praxi se i nadale pocitalo s obéma druhy ladéni.
Potvrzuje to u¢ebnice houslafstvi Gustava Adolpha Wettengela z roku
1828, kde ¢teme: ,,Jeder diese Temperaturen hat ihren Werth. Bald wird
bei Instrumenten diese bald jene angewendet, oder von den Tonwerkzeug-
Erbauern verlangt. [...] Daher miissen sie beide genau kennen.“'® Wettengel
tak uznava rovnocennost obou systémt, pficemz u nerovnomérné tempe-
ratury ma na mysli Kirnbergerovo ladéni.

Této problematiky si tehdy vsimali i 1ékafi, jak nasvéd¢uje pojednani
Carla Gustava Linckeho. Ve svém spisu o sluchovém organu uznava uréité
vyhody rovnomérné temperatury, aviak objektivné konstatuje, ze dosud
mezi hudebniky neni rozhodnuto, ktery z druhii ladéni si zaslouzi pred-
nost®.

Také v jinych zemich v té dobé panovaly na rovhomérnou temperatu-
ru obdobné, spiSe odmitavé nazory. Jousseho anglicky spis o temperatute
a ladéni klaviru shledavd u rovnomérné temperatury jednu vyhodu oproti
tfem nevyhodam, kdeZzto u nerovnomérnych temperatur naléza vyhody
dvé; z nich hned prvni je ta, Ze se v praxi snadnéji ladi nez rovhomérna
temperatura®. Tento argument mutiZze dne$niho ¢tenare zna¢né prekvapit;
odpovida vsak pravdé a setkame se s nim i u jinych dobovych pisateli.
Jousse $kodolibé poznamenavd, Ze i kdyz nékdo rovnomérnou temperaturu
naladi, stejné to neni bez chyb a vysledek je opét nerovnomérny?*'. To byl

16 ZANG, JOHANN HEINRICH Der vollkommene Orgelmacher. Niirnberg 1804,

s. 26.

7 HERBART, JOHANN FRIEDRICH Psychologische Bemerkungen zur Tonlehre
(1811). In: J. E HERBART'S kleinere philosophische Schriften und Abhandlungen.

1. Band. Leipzig: 1842, s. 337.

8 WETTENGEL, GUSTAV ADOLPH Lehrbuch der Anfertigung und Reparatur der
[...] Geigen. Ilmenau 1828, s. 40.

¥ LINCKE, GUSTAV ADOLPH Das Gehororgan. Leipzig: 1837, s. 344-345.

2 JOUSSE, J. An Essay on Temperament. London: 1833, 5.29.

2! Tamtéz
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ijeden z divodu, pro¢ se rovnomérna temperatura v praxi prosazovala jen
pomalu a obtiZné. V Britdnii se proto nadale ladilo nerovnomérné, dokonce
ve stfedotonovych temperaturach. Potvrzuje to jesté 4. vydani Hamiltonova
Katechismu varhan z roku 1865, které prepracoval Joseph Warren. Sdm
se zde priznava, Ze v otdzce vhodnosti rovhomérné temperatury se jesté
nerozhodl®.

Novou metodu, jak rovnomérnou temperaturu naladit, vymyslel kre-
feldsky tovarnik a hudebni samouk Johann Heinrich Scheibler (1777-
1837). Pomoci specialniho metronomu se métily razy ladénych tont s cilem
dosahnout shody s tabulkou razt pro jednotlivé, rovnomérné temperované
pultony. Celou metodu zvefejnil v samostatném spisu. Hned prvni véta jeho
pfedmluvy zni: ,, Die so genannte gleichschwebende Temperatur ist bei der
Orgel nicht in Gebrauch...“* Toto jednozna¢né vyjadreni je nespornym
dokladem, Ze i v tak hudebné pokrocilé zemi jako bylo Némecko se jesté
k roku 1837 témét celd praxe chramové a varhanni hudby odehravala v ne-
rovnomérnych temperaturach.

U komorni a symfonické hudby uz méla rovnomérna temperatura vice
zastancu. Ve snaze dodat ji nalezitou vdZnost a duleZitost v§ak pravé zde
za¢ina fada dlouho tradovanych dezinformaci. Najdeme je napt. v uéebnici
harmonie Siegfrieda Wilhelma Dehna (1799-1858). Tento vzdélany teore-
tik a ucitel kompozice (a budouci knihovnik hudebniho oddéleni Kralovské
knihovny v Berliné) znal staré hudebni traktaty, navic byl obdivovatelem
Bachova dila. Byl presvédcen, ze slavny Temperovany klavir byl vzhledem
k aplikaci vSech 24 ténin vytvoren diky pouZiti rovnomérné temperatury.
Samotny Bach v$ak Zadny doklad ¢i ndzor o druhu ladéni nezanechal, a tak
Dehn hledd dikazy jinde. Nachazi je v traktétu o generalbasu od Andrease
Werckmeistera z roku 1698, jehoz jeden odstavec je pro Dehna tak dulezity,
Ze jej presné cituje: ,Man konnte auch in heutiger Composition mit zween
modis auskommen; wann denn dieselben auf das temperirte (!) Clavier
appliciret und auf einen jeden clavem, einen modum, so insgemein dur,
und alsdann einen, so moll genennet wird, gerichtet werden, dann hat man
24 triades harmonicas und kann das Clavier durch den Circul durchgegan-

22 WARREN, JOSEPH - HAMILTON, JAMES ALEXANDER Hamilton s Catechism
of the Organ. London: 1865, s. 327.

% SCHEIBLER, JOHANN HEINRICH Uber mathematische Stimmung. Krefeld:
1837.
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gen werden.“?. Toto Werckmeisterovo vyjadreni zni opravdu presvéd¢ive,
zejména s vyrokem o temperovaném klaviru, kde se vztah k budoucimu
Bachovu dilu pfimo nabizi. Proto Dehn vyvozuje, Ze teprve po zavedeni
»pouzitelné temperatury“ (coz je pro ného rovnomérna temperatura) mohl
Bach napsat svij prosluly ,,Le clavecin bien temperé® ve vSech téninach®.
Pro jeho soucasniky to bylo jednim z natolik nespornych a presvéd¢ivych
dikazt, Ze se povédomi o Werckmeisterové a Bachové podilu na zavedeni
rovnomeérné temperatury zacalo $ifit dale.

Pokud vsak Dehnem citovany vyrok kriticky vyhodnotime v kontextu
celého traktatu®, dospé&jeme k jinym zavéram. V § 26 Werckmeister odmita
zavadéni matoucich super- a subsemitonii a dale piSe, Ze na klaviatufe lze
dosdhnout (kvintového) kruhu jinak - skrze dobrou temperaturu, kterd
v praxi pfinese uspokojeni. V originalu zde stoji vyraz ,gute Temperatur®
V jinych svych spisech Werckmeister pouziva pro ladéni termin ,,wohl-
temperierte®, kde slovo ,wohl® je vlastné synonymem pro ,,gut“ Najdeme
to i v titulu jeho Musikalische Temperatur?. To nam napovida, Ze neslo
o rovnomérnou temperaturu, ale o nerovnomérné ladéni, ovsem cyklic-
ké (s uzavienym kvintovym kruhem), jaké vytvoril a prosazovat pravé
Werckmeister. Zvlasté v tom byla prevratna novost jeho pfinosu; nejzna-
méj$im ,wohltemperirete“ ladénim je jeho temperatura, dnes nazyvand
Werckmeister III. Dal$i nezvratny dtikaz opét najdeme v Dehnem citované
generalbasové §kole. V jejim zavéru totiz Werckmeister pfipojil konkrétni
navod, jak onu dobrou temperaturu naladit. Zde vyslovné uvadi, Ze podle
tohoto navodu jsou vSechny kvinty uzsi o 1/8 az 1/12 komma?. Je tak
zfejmé, Ze se jejich velikost 1isi, takze se v zadném pripadé nejedna o rov-
nomeérnou temperaturu.

Dalsi nazor prinasi skladatel a docent muzikologie na lipské université
Gottfried Wilhelm Fink ve svém spisu o harmonii z roku 1842. Stru¢né

# DEHN, SIEGFRIED WILHELM Theoretisch-praktische Harmonielehre. Berlin:
1840, s. 57.

% Tamtéz, s. 58.

2 WERCKMEISTER, ANDREAS Die nothwendigsten Anmerckungen und Regeln
wie der Bassus continuus oder General-Bass wol konne tractiret werden. Aschersleben:
1698.

7 WERCKMEISTER, ANDREAS Musikalische Temperatur. Frankfurt und Leipzig:
1691. Termin ,,wohltemperierte“ v tomtéz smyslu pozdéji pfejima i Bach.

2 WERCKMEISTER, ANDREAS Die nothwendigsten Anmerckungen und Regeln
wie der Bassus continuus oder General-Bass wol konne tractiret werden. Aschersleben:
1698, s. 69.
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shrnuje jiny, tentokrat hudebné esteticky duvod, pro¢ byla rovnomérna
temperatura stale v nelibosti: rusi charakteristické rozdily u riznych kvint,
coZz nerovnomeérnd temperatura nedéld, ani v durovych, ani v mollovych
toninach. To je podle Finka hlavni diivod, pro¢ jsou nazory na ladéni dosud
rozdéleny?®.

Z naseho pohledu jsou cennd predev$im svédectvi o skute¢né dobové
praxi. K nim patfi vyroky Christiana Friedricha Gottlieba Thona v jedné
z jeho universalnich pfirucek, tentokrat o klavesovych strunnych nastrojich
(z roku 1843). Thon nebyl specializovanym hudebnim znalcem, ale o to
vice si v§ima a zaznamenéva dobové nazory. Podle ného je rovnomérna
temperatura kviili rozladénym terciim pocitové na obtiz. Pti tomto ladéni se
z hudby vytraci potfebna rtiznorodost a charakter tonin. Neni tak sporu, Ze
nerovnomeérné temperatury maji prednost®. Kvili tomu ,,[...] wird von den
meisten guten Stimmern jetzt wieder die ungleichschwebende Temperatur
zum Grunde gelegt“*'. Opét tak miize prekvapit zjisténi, Ze jesté k poloviné
19. stoleti se v Némecku nékteti (podle Thona dobii) ladi¢i klavird opét
vraceli k nerovhomérnym temperaturam.

Jenze hudebni teorie, zejména v oblasti kompozice, uz v té dobé bra-
la v tivahu jen rovnomérnou temperaturu. Vznika tak rozpor mezi teorii
a praxi, ktery vyslovné konstatuje i Herbarttiv zak, matematik, psycholog
a filosof Moritz Wilhelm Drobisch (1802-1896) ve svém vyznamném spisu
o ladéni: ,, Die heutige theoretische Musik macht diese gleichschwebende
Temperatur ausschliesslich zur Basis der Compositionslehre®. Divodem
je podle Drobische pouzivani klaviru. U vSech ostatnich néstroju ,,die
praktische Musik dagegen weicht [...] von dieser Temperatur wesent-
lich ab. Denn ist es Thatsache, dass auf den Streichinstrumenten und im
Gesange Cis und Des, Dis und Es u.s.w. wirklich unterschieden werden*.
K tomuto konstatovani Drobisch pfipojuje jednu vysoce zajimavou po-
znamku: ,,Es muss befremden, diese Thatsache nicht nur in den musika-
lischen Lehrbiichern, sondern selbst in praktischen Anleitungen génzlich
ignorirt, ja geradezu verleugnet zu sehen.”* Drobisch tak upozornuje na

» FINK, GOTTFIRED WILHELM System der musikalischen Harmonielehre. Leipzig:
1842, s. 58.

% THON, CHRISTIAN FRIEDRICH GOTTLIEB Abhandlung der Klavier-Saiten-
Instrumente. Weimar: 1843, 5.135.

3 Tamtéz, s. 172.

2 DROBISCH, MORITZ WILHELM Uber musikalische Tonbestimmung und
Temperatur. Leipzig: 1852, s. 66.

¥ Tamtéz, s. 66, pozndmka pod textem.
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prekvapivou skutecnost, Ze jina dobova hudebné teoreticka literatura (jme-
nuje napt. A. B. Marxe) dosavadni pouZzivani nerovnomérnych temperatur
v praxi nejen neuvadi, ale snad dokonce zdmérné zapird. Toto svédectvi
vysvétluje, pro¢ se i z pozdéjsiho pohledu mylné zdalo, Ze v té dobé uz se
nepouzivalo nic jiného nez rovnomérna temperatura.

Jenze jeji charakter stale vzbuzoval nelibost. Jak piSe matematik a fy-
zik Friedrich Zamminer (1817-1858), rozli¢nost tercii, jakou poskytuje
nerovnomérna temperatura, je mocnym hudebnim prostfedkem, takze
pfijetim rovnomérné temperatury se této vyhody navzdy vzdavame*. Podle
Zamminera je velkou pfednosti rovnomérné temperatury stejna ¢istota pro
véechny téniny a Cistota kvintovych a kvartovych intervali; slabou strankou
jsou tercie a sexty, coz se obzvlasté projevuje pfi souhfe klaviru s housle-
mi ¢i violoncellem. Zde stoji za povS§imnuti, Ze vyznam terminu ,¢istota“
intervalu zde se skute¢nou, tj. pfirozenou ¢istotou ladéni uz nema mnoho
spole¢ného. Pro tplnost Ize dodat, Ze podle Zamminera byla rovnomérna
temperatura vytvorena na konci 17. stoleti a jejimi obhajci proti utokiim
hudebniki a teoretik(i byli d " Alembert a Lambert*. Ziejmé odsud tuto
informaci prevzal a téméf doslova znovu uverejnil Arrey von Dommer
v novém vydani (1865) Kochova hudebniho slovniku. Navic pripojil po-
znamku, Ze rovnomérnou temperaturu proslavil Bach svym Dobfe tem-
perovanym klavirem®. I toto (mylné) tvrzeni uz predtim najdeme napt. ve
Weitzmannovych déjinach klavirni hry z roku 1863*. Ve skute¢nosti ani
tehdy pro to nebyly zadné primé doklady, takze Oscar Paul tvrzeni o vztahu
Dobre temperovaného klaviru a rovnomérné temperatury zaklada jen na
Bachové kompozi¢ni metodé®. Podobné, tj. na zakladé nepfimych indicii,
uvazuji i tehdej$i uznavani hudebni teoretikové jako Moritz Hauptmann
(1792-1868), jehoz text o temperature vysel v renomované Chrysanderové
roc¢ence Jahrbiicher fiir musikalische Wissenschaft™®.

3 ZAMMINER, FRIEDRICH Die Musik und die musikalischen Instrumente. Giessen:
1855, 5. 139.

» Tamtéz, s. 138.

3 DOMMER, ARREY VON - KOCH, HEINRICH CHRISTOPH Musikalisches
Lexicon. Heidelberg: 1865, s. 828.

% WEITZMANN, CARL FRIEDRICH Geschichte der Clavierspeils. Stuttgart: 1863, s.
XII-XIII.

8 PAUL, OSCAR Geschichte des Claviers. Leipzig: 1868, s. 26.

¥ HAUPTMANN, MORITZ Temperatur. In: Jahrbiicher fiir musikalische
Wissenschaft. 1. svazek, Lepzig: 1863, s. 34.
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To predstavovalo natolik vlivné nazory, Ze nemohly ztstat bez nasledkd
- jsou jednim z divodd, pro¢ pfiznivci rovnomérné temperatury zacinaji
prevladat. Toto ladéni tak dostalo nalepku jediného vhodného zakladu pro
moderni kompozici.

Ale i tehdy se proti tomuto silnému proudu ze strany ,,oficialnich®
zastupc hudebni kultury objevuji opozi¢ni nazory. Sem nalezel tieba
vyznamny teolog August Ebrard (1818-1888), ktery se zabyval i hudeb-
ni akustikou. Ve svém spisku si nebere servitky: ,Schaden genug hat iib-
rigens diese ,,gleichschwebende Temperatur® doch gebracht. Sie war der
Stindenfall der Musik.“ Podle Erbrarda tento ,,hudebni prohfesek“ nadélal
tolik $kody z ndm uz znamych divodi - nedokonalost v ladéni a absolut-
ni ztrata charakteru hudby. A opét ¢teme jeho ptimé svédectvi z tehdejsi
praxe: ,,Ein Gliick ist, dass die Naturhérner und Trompeten ihre Quinten
rein blasen miissen [...] und dass die Streichinstrumente noch in reinen
scharfen Quinten gestimmt werden. Dadurch kommt wenigstens beim
Orchester noch einige Haltung in die allgemeine Verwaschenheit.“?’ Podle
téchto Erbrardovych slov tak tehdejsi némecké orchestry jeste stéle ladily
nerovnomeérneé.

Ladénim se zabyval i jeden z nejvyznamnéjsich myslitelt 19. stoleti
Hermann Helmholtz (1821-1894), zejména ve tfetim vydani svého proslu-
lého spisu Die Lehre von den Tonempfindungen. Jako zkuseny védec se opi-
ral o ptivodni zdroje informaci, takze se v této problematice vracel ke sta-
rym traktatim. Cituje Mathesontv vyrok z roku 1725, Ze tuto temperaturu
vynalezl Werckmeister a Neidhardt. Také on zastava nazor, Ze rovhomérnou
temperaturu pouzival uz Johann Sebastian Bach. Na rozdil od jinych pisate-
1t pro své tvrzeni uvadi dva konkrétni dikazy: a) Kirnbergerovo svédectvi
citované Marpurgem, ze kdyz ladil Bachovi cembalo, musel vSechny tercie
naladit o néco vyse, b) informaci, ze Bachiv syn Emanuel pozaduje ve své
ucebnici klavirni hry rovnomeérnou temperaturu*’.

Podobné jako u predchoziho Dehnova textu je Zadouci provést verifi-
kaci této Helmholtzovy hypotézy. Nejdtive k vyndlezu rovnomérné tempe-
ratury: Mathesonovo vyjadrfeni je pochopitelné nepfesné. Asi to sam zjistil,
nebot pozdéji uz Werckmeistera a Neidhardta pouze uvadi mezi témi, kdo
o rovnomérné temperatufe psali*’. A to uz odpovidd skuteénosti.

“ EBRARD, AUGUST System der musikalischen Akustik. Erlangen: 1866, s. 39

# HELMHOLTZ, HERMANN Die Lehre von den Tonempfindungen. Braunschweig:
1870, s. 503.

2 MATHESON, JOHANN Der vollkommene Capellmeister. Hamburg: 1739, s. 55.
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Kirnbergerav postreh, Ze pro Bacha ladil vSechny tercie o néco vyse
(tj. nad jejich ptirozenou vysku v hodnoté 386 centil), je skutecné pozoru-
hodny; avsak vyvozovat z toho, zZe jde o rovnomérnou temperaturu, neni
v zadném pripadé mozné. Tuto definici totiZ spliuji i jind ladéni, z nichz ke
znaméj$im patii sttedotéonové ladéni s délenim 1/5 komma nebo populdrni
temperatura, dnes nazyvana Werckmeister III.

Mnohem castéj$i argument o tom, Ze Bachtiv syn Carl Philip Emmanuel
ve své ucebnici pozaduje rovnomérnou temperaturu, je rovnéz mozné vy-
vratit. V jejim textu oznaceni rovnomérna temperatura nikde nenajdeme. Je
v8ak tfeba vzit v potaz jeho vyjadreni, Ze klavesové nastroje musi byt dobre
ladény (,,gut temperirt® - stejny termin jako u Werckmeistera, viz vyse),
pri¢emz vétsiné kvint (,den meisten Quinten®) se odebird na jejich ¢istoté
jen tolik, aby si toho sluch sotva v§iml a mohlo se pouzit vSech 24 ténin®.
V nami zvyraznéném slové je jadro problému: pokud autor uéebnice pise
»jen* o vét§iné kvint, nemtize se jednat o rovnomérnou temperaturu, kde
by se to muselo tykat bezvyhradné vsech kvint. Proto se uz dnes o Bachové
nejmlads$im synovi v souvislosti se zavadénim rovnomérné temperatury
nedéa mluvit.

Z téchto divodut nelze vyse uvedené Helmholtzovo tvrzeni pfijmout.
Nicméné tento badatel byl snad prvni, kdo zfetelné definoval promény
hudby v disledku prijimani rovnomérné temperatury a jasnoziiveé odhadl
dalsi vyvoj. Z jeho vét Ize vytusit, Ze k jejim stoupenciim nijak zvlast ne-
pattil a svym zplisobem ji bral jako dobou vnuceny kompromis. Ve svém
spise vénoval celych dvandct stran oddilu, nazvanému ,,Nevyhody tempe-
rovaného ladéni® V podstaté zde shrnuje a z pozice akustiky a psychologie
zdivodnuje namitky, se kterymi jsme se setkali jiz dtive. U diskuse o rov-
nomérné temperovanych terciich si neodpusti svédectvi, ze umélci prvniho
Fadu jako pan Joachim nadéle potiebuji prirozené ¢isté tercie i u melodie®.
V zavéru Helmholtzovych tivah o rovnomérné temperatute nachazime di-
lezité vyhodnoceni: nesmime podcenovat vliv rovhomérné temperatury
na kompozi¢ni zptisoby. Zpocatku dala skladatelim i hudebniki velkou
lehkost, s niZ se mohou pohybovat v nejriiznéjsich toninach. Prinesla také
velké bohatstvi modulaci, jaké dfive neexistovalo. Na druhé strané nelze
podcenit, Ze toto zménéné ladéni si tak velké mnozstvi modulaci vynucuje.

# BACH, CARL, PHILIP EMMANUEL Versuch iiber die wahre Art das Clavier zu
spielen.1. dil. Leipzig: 1787, s. 7.

“ HELMHOLTZ, HERMANN Die Lehre von den Tonempfindungen. Braunschweig:
1870, s. 407. Jednalo se o proslulého houslistu Josepha Joachima.
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Protoze libozvuk konsonantnich akordt uz neni natolik ¢isty, aby skryl
rozdily mezi riznymi prevraty téchto akord, je k tomu zapottebi silnéjsich
prostiedkd, jakymi jsou ostrejsi disonance, pouziti neobvyklych modulaci
apod. Proto v novodobych skladbéch jsou disonantni septakordy v prevaze
a konsonantni akordy jsou v mensiné. Pujde-li to takto déle, pak hrozi,
Ze cit pro tonalitu se tuplné ztrati. To jsou nepfiznivé symptomy pro dalsi
vyvoj hudebniho uméni.

Asi neni sporu, Ze v tomto ohledu Helmholtz ptinesl presnou prognézu
dalstho vyvoje smérem k atonalité, dodekafonii apod. Dnes uz se bézné
uznava, Ze tyto smeéry by byly bez prosazeni rovnomérné temperatury ne-
mozné®.

Vitézstvi zastanci rovnomérné temperatury se tak blizilo. Mocnym pro-
stfedkem jeji propagace byla obliba klaviru, ktery se ze slechtickych palact
a koncertnich salt rozsitil do méstanskych domacnosti. Oblibena ¢tyfruéni
hra tehdejsich opernich a tane¢nich novinek byla bez rovnomérného ladéni
nemyslitelnd. Proto aschaffenburgsky profesor fyziky Cal Bohn v roce 1878
konstatuje, ze kviili rozsiteni klavirni hudby ¢istd houslova hra a zpév stejné
jako cisté ladéni pozvolna mizi*.

Nadale se proti rovnomérné temperature stavéli uz jen dvé skupiny
hudebnikii - sbormistfi a varhanici, kazda pochopitelné z jinych dtvodu.
Zastupcem prvé skupiny miize byt feditel berlinské Singakademie Eduard
Grell (1800 - 1886), kdyz v roce 1887 prohlasil rovnomérnou temperaturu
za ,disharmonierendes Surrogat der wirklichen Harmonie®".

Varhanafi a varhanici az na vyjimky vzdy pattily k nazorové konzer-
vativngj$im. Neni se co divit, vzdyt stavba varhan patfi k nejnaro¢néj$im
ukolim, kde sebemensi zména muze mit za nasledek jasné slysitelné od-
lisnosti. V zemi, znamé dodrzovanim tradic, jako je Anglie, proto nemtize
prekvapit, Ze u tamnich varhan se stfedoténové ladéni pouzivalo jesté do
70. let 19. stoleti*®. Podobné tomu bylo ve Spanélsku. O to prekvapivéjsi je
zprava, ze nerovnomérné temperatury se v Némecku pouzivaly az do za-
¢atku 20. stoleti. Tento tdaj uvadi hambursky ladi¢ klavirt Th. Hollmann

* FLURY, CHRISTIAN Die Terminologie der zwdlftonmusik. Diplomarbet.
Universitdt Wien, 2009, s. 19 ad.

“ BOHN, CARL Ergebnisse physikalischer Forschung. Leipzig: 1878, s. 223.

* CHRYSANDER, FRIEDRICH Eduard Grell als Gegner der Instrumentalmusik,
der Orgel, der Temperatur und der Virtuositit. In: Vierteljahresschrift fiir
Musikwissenschaft. 4, 1888, ¢, 1, s. 110.

8 SCHOLES, PERCY A. Some Puzzles about Temperament. The Musical Times, ro¢.
76, ¢. 1111 (zari 1935), s. 787-788.
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ve své ulebnici ladéni klaviru z roku 1902. Podle jeho slov ve Spanélsku
tehdy jesté nevymfelo stfedotonové ladéni (tj. s distribuci 1/4 komma)
a u nékterych némeckych chramovych varhan se stale navrhuje napt. sil-
bermannovska temperatura (,,Silbermannsche Temperatur®)*. Pro obdobi
po roce 1900 jde o zna¢né prekvapivou skute¢nost. To vSak byly posledni
pripady diivéjsi praxe. Nastalo tak zhruba sedmdesatileté idobi témér ab-
solutni vlady rovnhomérné temperatury.

V tomto ptispévku jsem se védomé zaméfil na informace zejména
z némecké literatury, tj. z hudebné vyspélé evropské zemé, kde se podle
vy$e zminéné ceské literatury rovnomérna temperatura pouzivala uz od
Bachova Zivota. Predlozeny obraz se v§ak od téchto bézné tradovanych
néazoru odliduje. Snad tak prispéje k lepsimu pochopeni a k odpovidajici
recepci star$i hudby.

O déni na domaci pudé, tj. v éeskych historickych zemich, toho zatim
vime mnohem méné, ale tento vyzkum dale pokracuje. Uz ted vsak mohu
uvést, Ze se zde rysuje velmi podobna situace.

# HOLLMANN, TH. Lehrbuch der Stimmkunst. Hamburg: 1902, s. 54.
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