Abstract

While motion has existed as a metaphor in music for centuries, music that actually
utilizes spatial movement as a primary carrier of information is a relatively recent
phenomenon. Because it is difficult in many spatialized compositions to determine
precisely the locations, distances and rates of motion, analysis in this direction has
proceeded slowly. In a recent work by Karlheinz Stockhausen, Lichter-Wasser, the
spatial movements are quantized to an unprecedented degree of precision. Stockhausen's
piece permits us to begin constructing a system of spatial music analysis based on two
complementary models: a statistical technique, and a motive-based theory based on the
established foundation of set- and group theory. In building an analytical repertoire for
spatial music, we must enlarge our notions of space and transformation so that they take
into account at least two dimensions. Such analytical techniques, when fully developed
for Lichter-Wasser, may shed light on other spatialized music for which no effective

analytical method yet exists.



The Analysis of Spatial Music
in Works by Karlheinz Stockhausen

Motion as a metaphor in music has long been a subject of speculation by music theorists.'
One writer on the subject goes so far as to say that “when we hear music, what we hear is
above all motions.” Because our conceptual system seems to be built on metaphor,’ such
analogies could be seen as inevitable in music discourse; this coupling of metaphorical
movement with our experience of music is evident even in a simple statement like “this
phrase moves towards the dominant.” As a result of our predilection to draw metaphors
between our everyday experience and what we hear in music, a large body of music-
theoretical literature is concerned with describing music in terms of motion, force, space,
energy,* and movement, even though these qualities may not be physically present in the
music itself. Motion implies that some space is present within which movement can
occur, and one particularly fruitful development in music theory has been the exploration
of the idea of music inhabiting various spaces.” The field of transformation theory, for
instance, is built around this idea and could be generalized to include not only pitch, but

also harmony, contour, thythm, and timbre.® However, the language and apparatus of

1 Many theorists, including August Halm, Heinrich Schenker, Ernst Kurth, Arnold Schering, Hans
Mersmann, and Kurt Westphal can be considered part of a school of thought that recognized the
importance of dynamicism or metaphorical motion in music. For more on this group, see Lee Rothfarb,
“Energetics” in The Cambridge History of Western Music Theory, ed. Thomas Christensen, Cambridge:
Cambridge University Press, 2002, pp. 927-955.

2 Viktor Zuckerkandl, Sound and Symbol, tr. Willard R. Trask, New York: Pantheon Books, 1969, p. 76.

3 George Lakoff and Mark Johnson, Metaphors We Live By, Chicago: University of Chicago Press, 1980.
Nattiez's notion of the “infinite regression of interpretants” also bears on this idea in that we construct
meaning based on an infinite network of associations. See Music and Discourse: Towards a Semiology
of Music, tr. Carolyn Abbate, New Jersey: Princeton University Press, 1990.

4 See Daniel Harrison's discussion of “tonal discharge” in Harmonic Function in Chromatic Music,
Chicago: University of Chicago Press, 1994, pp. 90-102.

5 Riemann's Tonnetz is an excellent example of the “spatialization” of tonal relations, as is Schoenberg's
“Chart of the Regions”. See also Robert Morris's article “Voice-Leading Spaces”, Music Theory
Spectrum 20/2 (1998).

6 Betsy Marvin, A Generalized Theory of Musical Contour, Ph.D. Dissertation, Rochester: Eastman
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describing musical motion that actually occurs in the space around us (such as changing
locations in space) has not developed to the extent of other, more traditional domains.

Composers throughout music history have been concerned with the spacing and
location of sounds. The development of orchestration and concert spaces (such as
chapels and cathedrals), the cori spezzati of Gabrieli, and the orchestral innovations of
Berlioz are all evidence of a concern with spatialization. With the rise of electronic
sound production, recording, and such commercial applications such as surround sound in
the twentieth century, composers have begun to explore the full potential of the spatial
component in their music.” Many composers have removed the necessity for metaphor;
the music /iterally moves around the listener.

The first attempts at more radical use of spatialization in music were made by
Henry Brant (b. 1913) and Karlheinz Stockhausen (b. 1928).2 Both were concerned with
listeners' ability to separate complex and dense textures into component layers.” In an
attempt to avoid the “stasis” or entropy that results from an overload of information,
Brant and Stockhausen both separated layers of their music in different spatial areas
around listeners. This allowed musical information within a dense texture to be literally

“pulled” out of the orchestra and placed around the listener in ways that would allow a

School of Music, 1988; David Lewin, Generalized Musical Intervals and Transformations, New Haven:
Yale University Press, 1987, chapter 4; Robert Morris, Composition with Pitch-Classes, New Haven:
Yale University Press, 1987.

7 Gisele Brelet argues that timbral considerations in early twentieth-century orchestral music spurred on
the development of ever-more radical experiments in the spatial domain. See Musicalisation de
l'espace dans la musique contemporaine, in Festschrift Walter Wiora, Kassel: Bérenreiter, 1967, pp.
495-500, esp. p. 498.

8 Henry Brant, “Space as an Essential Aspect of Musical Composition”, in Contemporary Composers on
Contemporary Music, ed. Elliott Schwartz, Barney Childs, New York: Da Capo Press, 1978. See also
Karlheinz Stockhausen, Music in Space, tr. Ruth Koenig, in die Reihe vol. 5, Pennsylvania: Presser,
1961, pp. 67-82.

9 Xenakis describes the problem of musical “information overload” in some detail, however his solution
was to develop the technique of probability and stochastics. See lannis Xenakis, Formalized Music,
Bloomington: Indiana University Press, 1971, pp. 8-9.
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focus on individual component layers.

Arguably, the new era of spatialization was enabled by the rapid progress of
technology in the early 1950s. With the ability to project music through loudspeakers and
the great progress that German engineers made in magnetic tape during the 1940s and 50s
it was natural that such innovations would, sooner or later, be used in musical
environments.

Unlike Brant, Stockhausen conceived of space as a musical dimension that could
be “parametricized” and given its own independent structure and order.'” Despite its
musical interest, Stockhausen's use of spatial motion has recently come under criticism
because it tends to focus the listener's attention on successive events, which do not
necessarily correlate well with other, non-linear aspects of the work."!

Given its emphasis on motion and location, Stockhausen's music and electronic
music in general invite us to develop theories about it. However, several problems arise
in trying to analyze musical motion in physical space. While the placement of the
musicians in a traditional symphonic orchestra can vary in certain ways (e.g. seating the
first violins on the left and the seconds on the right instead of adjacent to each other),
alternative seating arrangements do not affect the overall structure of the work in such an
ensemble, since the primary information is not carried through spatial means. In works

where spatial movements do play a structural role, rearrangements (even relatively minute

10 Stockhausen, Music in Space. In Music in Space Stockhausen claims that the “hierarchy of tone-
characteristics in Western music up until now are (1) pitch, (2) duration, (3) timbre, (4) loudness and (5)
location. This is an enlargement of the triple enumeration given by Schoenberg in his Harmonielehre:
“In a Klang, three characteristics are recognized: its pitch, color [timbre] and volume.” tr. Roy E. Carter,
Berkeley: University of California Press, 1978 (1911), p. 421.

11 This was Nauck's criticism, quoted in M. J. Grant, Serial Music, Serial Aesthetics, Cambridge:
Cambridge University Press, 2001, pp. 234-235. See Gisela Nauck, Musik im Raum — Raum in der
Musik: Ein Beitrag zur Geschichte der seriellen Musik (Beihefte zum Archiv fiir Musikwissenschaft,
Stuttgart: Franz Steiner, 1997.
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ones) could seriously disrupt the work's structure, posing further challanges for potential
analysis. In some works, musicians move about while playing in a stylized way that owes
more to dance traditions than to musical dialogue. In such cases, the movement can be
ritualistic or symbolic in a way that is not readily accessable to the analyist. In other
works, listeners move around such that the individual determines his or her own spatial
experience of the music; because each listener's experience of the work is different, an
analysis must center around an individual. In electronic music, the motion may be
gradual or continuous, and since composers cannot always control the actual layout of the
loudspeakers used to render a performance, it can be difficult to calculate an actual rate of
motion, or even to pinpoint the sound sources themselves.'

Since the idea of using space as an independent musical parameter in composition
is relatively new, there is little tradition or history to help inform us, especially in the
realm of compositional pedagogy. Existing studies focus either on the aesthetic issues
involved in using space as a musical component, or on technical aspects of
psychoacoustics and architecture.”® Further complicating the matter, our perception of
motion and movement in space is not fully understood, and may vary considerably more
from person to person than perception of pitch." Our ability to perceive sounds as
moving towards or away from us can be affected by the loudness of the sounds
themselves. Although we are accustomed to interpreting moving sounds in our everyday

environment (indeed, our survival often depends on hearing, say, a car horn as we try to

12 Maria Harley has proposed an excellent and inclusive classification of acoustic environments and sound-
space types in her dissertation Space and Spatialization in Contemporary Music: History and Analysis,
Ideas and Implementations, Ph. D. dissertation, McGill University, 1994, pp. 183-230.

13 See Harley, pp. 99-159 for an summary of many key writings on music in space.

14 Jens Blauert, Spatial Hearing: The Psychophysics of Human Sound Localization, 3™ ed. tr. John S.
Allen, Cambridge: MIT Press, 2001.
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cross a street), we have not developed a shared “spatial language” that is comparable to
our shared language of tonality."

We might consider two different perspectives from which we can analyze
spatialized music. The first is from a cognitive or perceptual angle. In this context, we
may measure listeners' responses to spatial music by examining the kinds of mental
models they construct to convey what they hear. We may find that these mental
representations vary considerably from the visual ones we are accustomed to viewing in
scores.'® From the second perspective, we might ignore listeners' responses and consider
the music's formal structures in developing a theory of listening. The present study
assumes this second perspective. It will be presumed that compared with our ability to
perceive pitch, rhythm, and timbre relationships, our ability to hear spatial movements in
music is underdeveloped. Our investigation will thereby start by examining musical
movements themselves.

Stockhausen first experimented with motion around 1956." In Gesang der
Jiinglinge (1955-56) and Kontakte (1958-60), sounds move among loudspeakers that

surround the audience.'® The motions in Gesang were created through studio editing, and

15 Leonard Bernstein, in his Norton Lectures at Harvard (especially lectures 2 and 3), saw music as similiar
to language. Indeed, as tonality shares a hierarchical structure with language, such analogies are almost
inevitable. Also see Lehrdal and Jackendoff, 4 Generative Theory of Tonal Music, Cambridge: MIT
Press, 1983.

16 For instance, a motion that is stationary in space, but rising in pitch frequency may actually be perceived
as moving towards the ceiling by a listener.

17 For a table summarizing the use of spatial-composition in the works of Stockhausen up to Donnerstag
aus Licht, see Hermann Conen, Formel Komposition: Zu Karlheinz Stockhausens Musik der siebziger
Jahre, Mainz: Schott, 1988, pp. 26-33. Conen shows 31 Stockhausen compositions that include
spatialization before 1979. Ivanka Stoianova also gives a brief resume of Stockhausen's works that
include spatial aspects in “Karlheinz Stockhausen et la métaphore lumineuse”, in lannis Xenakis,
Gérard Grisey. La Métaphore Lumineuse, Paris: L'Harmattan, 2003, pp. 75-102.

18 For a discussion of the use of space in Gesang and Kontakte, see Seppo Heikinheimo, The Electronic
Music of Karlheinz Stockhausen, tr. Brad Absetz, Helsinki: Musikvetenskapliga Sallskapet I Finland,
1972, esp. pp. 83-92. For comments on the use of space specifically in Gesang, see Pascal Decroupet
and Elena Ungeheuer, “Through The Sensory Looking-Glass: The Aesthetic and Serial Foundations of
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seem to “jump” from one loudspeaker to another, whereas in Kontakte, Stockhausen was
able to create the illusion of continuous motion by constructing a special turntable on
which he mounted a rotating speaker and four stationary microphones.” In Gruppen
(1955-57), three orchestras are set up in a “horseshoe” pattern around the audience, and
sounds attract attention so that they appear to travel from one orchestra to another.”
Given the importance that Stockhausen places on motion, and the consistency
with which he has manipulated this compositional element, a study of spatial motion
would contribute greatly to our understanding of his works. In Stockhausen's more recent
music, motion has been quantified in such a way as to permit us to analyze the movement
to a degree not possible in earlier pieces.?! This is perhaps most clear in Lichter-Wasser
(1998-99), a composition in which 29 musicians, two singers and a synthesizer player
have their movements precisely choreographed in a concert hall.”> A thorough analysis of
the spatial movement in this piece is possible because the location of each musician is
known, and from the notation, the exact rate and direction of movement can be calculated
throughout most of the work. By analyzing the spatial movement in Lichter-Wasser, we

might begin to build up a more general theory of spatialization which could then be

Gesang der Jiinglinge”, tr. Jerome Kohl, Perspectives of New Music 36/1, pp. 97-142, esp. pp. 127-133.

19 For more on the Rotationstisch, see Karlheinz Stockhausen, Texte zur Musik, Volume 4, K6ln: DuMont,
1978, pp. 431-432.

20 See Imke Misch, Zur Kompositionstechnik Karlheinz Stockhausens Gruppen, Saarbriicken: Pfau, 1999,
and “On The Serial Shaping of Stockhausen's Gruppen fiir drei Orchester”, Perspectives of New Music
31/1, pp. 143-188.

21 In this way, Stockhausen has taken one of his pre-existing compositional processes (“spatial
composition”) and seen it “in a new perspective” -- finding yet another way of creating spatial
movement in his music. See Alcedo Coenen, “Stockhausen's Paradigm: A Survey of His Theories”, in
Perspectives of New Music 32/3, pp. 200-225, especially. p. 206. Giinter Peters also describes
Stockhausen's compositional project of continually widening the bounds of musical experience in his
essay “Grenzgénge in den Mittelpunkt der Musik: Karlheinz Stockhausen auf dem Weg zu Diifte-
Zeichen vom Sonntag aus Licht”, Musik und Asthetik vol. 8 (Oct. 2004), pp. 61-81. Stockhausen
himself describes his project in his own words in “Freiheit — das Neue — das Geistig”, in Neue
Zeitschrift fiir Musik, 1998/4, pp. 19-25.

22 Karlheinz Stockhausen, composition booklet to Lichter-Wasser, Kiirten: Stockhausen Verlag, 2001.
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applied to other compositions whose spatial elements are not as clearly specified.”

In Lichter-Wasser, aspects of the work such as pitch, form, and rhythm are
precisely composed out according to a complex manipulation of a “master plan,” or
Superformula (Example 1).** However, the spatial movements were improvised “without
a scheme.”” By devising tools to analyze the spatial movements in Licher-Wasser, we
might shed light on the way in which Stockhausen's improvisational processes enrich and
complement the elaboration of material from the Superformula. In this way we could
draw conclusions about compositional procedure in spatialized music, illuminating the
actual technique of composing in space.

The challenge in analyzing the spatial movements in Lichter-Wasser lies partly in
modifying existing tools for analysis so that they work in these new contexts. I propose
two distinct methodologies for analysis. The first is a statistically-driven approach,* and
the second is drawn from traditional set theory and transformation theory.

In the course of the following discussion, I will also describe some of my analytical
methodology to show how a more thoroughgoing analysis might proceed.

The work Lichter-Wasser appears as the first section of Stockhausen's opera

Sontag, from his cycle of seven operas called Licht. Lichter-Wasser consists of an

23 Stockhausen conceived of radically spatializing Lichter-Wasser from its inception. An original (as yet
unpublished) sketch from 1996 (Example 3) calls for electronic sounds of “baseballs being hit”, “tennis
balls being hit”, and several other types of “hit” sounds.

24 For more on the construction of the Superformula and its own internal structure, see Jerome Kohl, “Into
the Middleground: Formal Syntax in Stockhausen's Licht”, Perspectives of New Music 28/2 (Summer
1990), pp. 262-291. Also see Richard Toop's discusion in Six Lectures from the Stockhausen Courses
Kiirten 2002, Kiirten: Stockhausen Verlag, 2005, pp. 198-207. See Example 1 for a reproduction of the
Superformula itself.

25 Lecture by Stockhausen on Lichter-Wasser, Stockhausen Courses Kiirten, August 2001.

26 An excellent example of a statistical approach to analyzing contemporary music can be found in Yayoi
Uno, The Roles of Compositional Aim, Syntax and Design in the Assessment of Musical Styles, Ph.D.
Dissertation, Rochester: Eastman School of Music, 1994.
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introduction section, twelve “waves” or primary sections and a brief coda. The waves are
interrupted several times by six “bridge” sections?’. The orchestra players are

1.2 The audience sits within the two

interspersed within a large square concert hal
orchestras, facing towards the center of the hall. Because the twelve wave sections
contain precisely coordinated spatial movements, they will be the focus of our attention in
the present study. The musical texture in the twelve waves involves two vocal lines, two
instrumental melodies (which occasionally split into denser polyphony or homophony),
and extremely long notes held by the synthesizer. Whereas the introduction and coda
sections feature ritualistic processions, spatial movement ceases altogether in the six
bridge sections where attention is focused instead on textual declamation by the vocalists.
Example 2 shows the beginning of wave 1. From top to bottom, the score is
organized: synthesizer, tenor, orchestra 1, orchestra 2, soprano. Orchestra 1 is linked
with the tenor, who symbolizes the character Michael.”” The notes played by orchestra 1

(B-F#-G, etc.) transpose the Michael formula (top staff of the Superformula) down a

minor third.*® Orchestra 2 is associated with the soprano, who symbolizes the character

27 Stockhausen liked the fourth bridge in Lichter-Wasser so much that he commissioned a special metal
gate showing the first few measures of its primary melody. This gate stands in front of his guest house
in Kiirten, Germany.

28 For the precise layout, see Examples 4 and 6.

29 The quasi-Christian religious symbology in Licht is quite complex. See Markus Bandur, *“...alles aus
einem Kern entfaltet, thematisch und strukturell'. Karlheinz Stockhausen und die Rezeption des Urantia
Book in LICHT”, in Internationales Stockhausen-Symposion 2000: Licht, ed. Imke Misch and
Christoph Blumrdder, from the series Signale aus Kéln (volume 10), Miinster: Lit, 2004, pp. 136-147.
Also see Thomas Ulrich, “Spirituelle All-Einheit und das Subjekt des Komponisten. Zum 'Katholischen'
bei Stockhausen”, in Internationales Stockhausen-Symposium 1998, ed. Imke Misch and Christoph
Blumrdder, from the series Signale aus Kéln (volume 4), Saarbriicken: Pfau, 1999, pp. 18-25.

30 The reason for the transposition is because the Sunday segment of the Superformula, which begins on
the second measure of the last system of the Superformula, starts on a B in the Michael formula. Thus,
the entire Superformula is transposed down from D (where it begins in m. 1) to B in the Sunday opera.
Eva's notes from orchestra 2 in m. 87 of Lichter-Wasser also correspond to the beginning of the
Superformula, though transposed from C (Superformula) to G (Lichter-Wasser). There is also a tempo
transposition involved in Sunday from Light, but this goes beyond the scope of the present discussion.
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Eva. Orchestra 1 generally comprises high-ranged instruments while orchestra 2 contains
instruments of a low range; the exact orchestration is shown in Example 4.*' This pairing
of instruments with voice-types not only serves a practial purpose towards balancing each
group out registrally, but also symbolizes the “mystical union” of Michael and Eva,
which is the underlying theme of the opera Sontag from Licht.**

As Example 2 shows, nearly every note in the orchestra parts has an indication
above it consisting of one or two letters, or a letter and a number. This is an abbreviation
of the instrument that plays those notes.”> Thus, the instrumental color constantly
changes as melodic elements pass from instrument to instrument. In the score,
indications given in small boxes between the vocal and instrumental staves show where
the sounds should actually be located within the performance hall.** We will return to
these box notations later in our study, where I will base a method of analyzing the spatial
movements in Lichter-Wasser on these box notations.

The first method of analyzing the spatial motion in Lichter-Wasser is based on
calculating the rate of motion in the two orchestras. But in order to calculate velocities,
we must first determine distance and duration. The world premiere of Lichter-Wasser
was given in the Baar Gymnasium in Donaueschingen. Using the floor plan of the

gymnasium,* it is possible to determine within a half meter where each musician was

31 In Example 4, the higher instruments associated with the soprano are in light grey, while the lower
instruments associated with the tenor are in dark grey.

32 Each opera in the Licht cycle also has colors, smells, instruments, fundamental elements, and other
symbolic elements attached to it. See Markus Wirtz, Licht, Saarbriicken: Pfau Verlag, 2000. pp. 25-28,
esp. the chart on p. 28.

33 For a key to understanding the German abbreviations, see Example 7, right side.

34 The movements around the room are also indicated by Stockhausen in his sketches for Lichter-Wasser.
Some of these sketches are shown in the left side of Example 5. The sketches are often difficult to
decipher.

35 The gymnasium, given in Example 6, measured 27 X 30 meters (K. Stockhausen, Composition Course
Booklet for Lichter-Wasser, p. 6.) Although all of my subsequent calculations and analyses are based
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located. Example 7 shows a coordinate system for the arrangement of instruments. Each
square on the graph is 1 X 1 meter in size. By finding each player's coordinates we can
then calculate the distance between each musician. Example 8 shows the distance
between each pair of instruments in Lichter-Wasser.

The next step in our analysis is to determine duration. Since the late 1950s,
Stockhausen has worked with a scale of twelve tempi, based on a logarithmic division of
one “tempo octave.”® By dividing the octave of tempos from quarter-note = 120 to
quarter-note = 60 into twelve gradations, Stockhausen coordinated the equal-tempered
pitch system (which is based on a logarithmic division of the 1:2 octave into 12 pitches)
with an analogous logarithmic tempo scale. The tempo scale is an important feature of all
of Stockhausen's compositions in the Licht opera cycle and a great number of his works
preceeding Licht. Example 9 gives the set of tempi employed in the first wave of
Lichter-Wasser, along with the duration (in seconds) of a variety of notes.

Example 10 shows exactly how far and how fast the two orchestral melodies
move around the hall in the first wave of Lichter-Wasser. Example 11 then presents this
information graphically.’’

The analysis of the motion given in Examples 10 and 11 shows some

on the assumption that the space for Lichter-Wasser is this size, it must be said that the spatial
constraints on the work are somewhat tight — for purely practical reasons. If the musicians are much
closer together, the space for the audience diminishes rapidly. If the musicians are much further apart, it
would become far more difficult for them to perform the work, as it requires precise coordination and
timing among many players which becomes impractical over large distances. But even if the
performance space were much larger or smaller than the Baar Gymnasium, all of the distances can be
adjusted proportionally; the relative distances would not change.

36 For details on the “tempo scale”, see Karlheinz Stockhausen, “...how time passes...”, tr. Cornelius
Cardew, in die Reihe 3, pp. 10-40.

37 The horizontal lines in Example 11 show the average rate of motion for each of the two contrapuntal
lines. They may be useful to calculate a “higher order” rate of motion for various larger sections in the
work.
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characteristics that are worthy of further study. First, Example 10 reveals that during
these opening measures (mm. 87-96) spatial motion is initially confined to opposite
corners of the room, and then expands to use more space. These opening measures
function as an “exposition” since they are the first measures that are rigorously spatialized
(the introduction relies on a ritualistic procession to achieve its spatial effect.)*® At the
conclusion of this nine-bar segment, both orchestral parts move (in opposite directions) to
instruments that have, up until now, remained silent: in the Eva orchestra (dotted line) to
oboe, and in the Michael orchestra (solid line) to bassoon 1. Both these instruments
(oboe, bassoon 1) are located in the other pair of opposite corners. Thus, the range of
spatial motions expands at the conclusion of this opening segment to include instruments
farther away from the initial centers of activity.

An analogy could be made between the graph of spatial movement in Example 11
and the principle of non-coincident extremes in melodic construction given by Fux,
among others. Both lines move to a sharp climax in terms of their rates of motion: the
Eva-melody moves at a rate of over 29 m/sec in measure 91, while the Michael-melody
moves at a rate of about 27 m/sec in measure 94. Both lines have single high points that
do not coincide. Similarly, they contain non-coincident low points. Due to the small data
sampling, there is no way to tell whether this is an isolated occurence, but there may be
other musical “laws” underlying Stockhausen's use of spatialization that we can discover

by analyzing the score more thoroughly.

38 We can speculate that Stockhausen familiarizes his audience to the spatial motion by confining the
motion at the opening of this section to the extremes of the hall. We may expect a more complicated
array of spatial techniques later on, when we have become more accustomed to listening in this new
way.
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As has been previously stated, the spatial motions in Lichter-Wasser were not
systematically derived from the Superformula. A question arises as to how these
movements relate to the other musical dimensions; for instance, how does the rate of
motion compare to the pitch dimension? It would be most efficient to write computer
programs to analyze the rate of movement by inputting all the motions into a database.
Code could then be written that could compare the pitch structure with the movement
structure. Such an analysis is a primary objective in my dissertation.

The second method of analyzing the movement in Lichter-Wasser expands upon
set theory and transformation theory. Example 5 shows two sketches of Lichter-Wasser.
Spatial movement appears to rotate 90 degrees counterclockwise from wave 2 to wave
12, suggesting a connection between these two distant sections. Whereas the statistical
technique would be most effective at determining speeds and distances in the spatial
movement, this second technique would be better suited to analyze the motivic aspects of
motion in Lichter-Wasser.

We may begin to build a transformational system in Lichter-Wasser by first
investigating its application to an ungapped two-dimensional space. In this space,
musicians are positioned in a grid pattern such as the one given in Example 12. Here, a
number of rotation, flip, transposition, and multiplication functions operate on a single
spatial motive.” We may define modularity as the property that obtains when a spatial

motive moves off the edge of our graph: it “wraps around” to the other side.*® A

39 These operations (transposition, inversion, flip, multiplication) must be redefined somewhat in order for
them to operate in this new kind of space. Formally defining the operations and group structure will be
a major focus in my dissertation.

40 It is possible to find precident for this concept of modularity in Wayne Slawson's Sound Color
(Berkeley: University of California Press, 1985), pp. 194-195.
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provisional condition on the motive is that each move must be to an adjacent point in
space. The situation becomes more complex in a gapped space, as in Example 13. As
can be seen, the operations from Example 12 produce motives whose points fall on areas
without musicians, reducing the number of potential transformations.

We may make an analogy between the kind of spaces in Examples 12 and 13, and
a more familiar “space” -- namely, pitch space. The “ungapped” space in Example 12 is
like the chromatic scale, where operations on pitch class sets will always map some pitch
classes onto others. The space in Example 13 resembles the diatonic or pentatonic scale
where, strictly speaking, an operation on a given pitch class set may not necessarily map
onto other pitch classes within the set.

How many spatial motives would there be, if each move joins adjacent points on a
graph? We may easily calculate the total number of possible spatial point sets for an
ungapped space — one like the space in Example 12. Assuming that there are three points
involved, there will be one movement between each of those points for a total of two
movements. It follows that there will also be one angle in such a set of cardinality 3.
Each point is allowed to move to one of eight different compass points (north, northeast,
east, southeast, south, southwest, west, northwest). There will be 8 (or 64) distinct
spatial point sets if the cardinality is 3 and the degree of freedom is 8. These 64 sets are
listed in Example 14, and shown graphically in Example 15.

Equivalency relationships can align several spatial point sets with one spatial set
class. Assuming rotational equivalence, each diagonal (going from the upper-left corner
to the lower-right) in Example 15 is equivalent, thus resulting in only eight spatial set

classes (Example 16). In order to posit such an equivalence, we must adjust the distances
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somewhat between sets that move diagonally and those that move horizonally or
vertically, since the movements will be slightly greater in distance between two points
diagonally (NE, SE, SW, NW) than they will along one of the cardinal directions (N, E,
S, W). If we include the flip operation, we may further reduce our original collection of
64 spatial point sets down to only five spatial set classes, as shown in Example 17.

A great advantage of taking into consideration the rotation and flip operations is
that the “prime form” of each spatial point set may model more closely our actual
perception of a spatial motive. Consider a situation such as the one in Example 18. A
spatial motive occurs and four listeners (a, b, ¢, and d) are positioned in different parts of
the hall. Each listener hears a slightly different motive, but all four motives are related by
rotation and/or flip operations. The angles between the moves would also be the same for
each listener.

Now let us consider what happens if these spatial motives fall on a space where
there are no longer eight degrees of freedom. These types of spaces will more closely
approximate the space used in Lichter-Wasser. Three different types of spaces are shown
in Example 19. Each space is assumed to be modular in the way described earlier."
Space a is the familiar grid pattern, where each square is free to move to eight different
adjacent squares. As a result of this kind of linking, each location in space has the same
“value” -- in other words, no square has any more or any fewer possibilities for
movement than any other, as long as it moves to an adjacent square. Space b is gapped,

as in Example 13. While fewer transformations may be possible in this space because of

41 In fact, specifying modularity in these spaces is more difficult than in our earlier spatial example.
Defining these group properties more precisely will be an important part of my dissertation project,
since such formalism will shed light on the underlying transformational properties of each space.
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