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From Bars to Inches (to Seconds): 
Timekeeping in the Music of John Cage

From his early works, using self-repeating rhythmic proportions, to his final ‘number pieces’, 
performed using chronometers, the structuring of (musical) time has been among John Cage’s 
main concerns. He often determined temporal structures at the outset, largely irrespective 
of the material they were to be filled in with. Central timekeeping devices in Cage’s work up 
to the 1950s were ‘micro-macrocosmic’ rhythmic structures (First Construction, 1939) and 
spatial notation (Music of Changes, 1951). Cage’s concern with time is placed in the broader 
context of ‘chronophobia’, as defined by Pamela Lee, and his transition from defining the 
temporal structure in bars and beats to working with absolute time is followed. Special 
attention is paid to the role of tempo and the influence of (tape) recording technology on 
Cage’s concept of time.

Introduction
In her book Chronophobia: On Time in the Art of the 1960s, the art historian Pamela Lee has 
described a condition among artists of the 1960s that she calls ‘chronophobic’. Many of their 
works, she claims, demonstrate a strong obsession with time, with the passing of time and with 
its measurement; they express the sense of having lost grip of time, which leads to anxiety:

[T]o survey the art and art criticism of the sixties is to encounter a pervasive anxiety that 
I describe as chronophobic: as registering an almost obsessional uneasiness with time and 
its measure. Cutting across movements, mediums, and genres, the chronophobic impulse 
suggests an insistent struggle with time, the will of ... artists ... either to master its passage, 
to still its acceleration, or to give form to its changing condition.1

Lee’s book deals almost exclusively with visual artists and their critics. One example is 
the Japanese born On Kawara (b. 1933), who became well known with his ‘Today series’, 
started in 1966. Practically every day, Kawara made a painting of the day’s date, mostly in 
white letters on a black background. Day after day, year after year.
 One could say that a general fascination for time is essential to human nature. However, 
Lee points out some conditions that lead to a ‘chronophobia’ specific to the 1960s. She 
mentions the fact that the figure of social revolution was critical to the self-image of the 
1960s, yet in her narrative, social and political matters only form the backdrop. More 
important, according to Lee, is the transition from the industry-dominated Machine 
Age to a communications-based Information Age. In this era, Lee argues, the aura of 
new technology was at least as important and omnipresent as the technology itself. As an 
example, she refers to the computer technology of the 1960s, with ‘its rhetoric of speed 
and seemingly instantaneous information processing.’2  According to Lee, this emphasis 
on speed and accelerated models of communication was the ‘cultural index against which 
many artists gestured.’3

1 Pamela M. Lee, Chronophobia: On Time in the Art of the 1960s, Cambridge, MA: MIT Press, 2004, xii.

2 Ibid., xii.

3 Ibid., xiii.
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I think Lee’s ideas on ‘chronophobia’ provide an interesting context for a discussion 
of certain aspects of the work of the American composer John Cage. As many earlier 
and contemporary composers, Cage was strongly preoccupied with time. When 
diagnosing someone else with an obsession, there is always the risk of only revealing 
one’s own obsessions, but there are two important reasons why Cage fits the profile of a 
‘chronophobic artist’ especially well. The first reason is his historic situation among the 
(visual and plastic) artists and philosophers mentioned in Lee’s book. The second reason 
is that Cage’s dealings with time, its measurement, and its structuring, were thoroughly 
influenced by the technological factors Lee describes, in his case specifically recording 
technology.
 Lee seems to acknowledge Cage’s relevance during the ‘chronophobic’ 1960s. In her 
book, which does not have an index entry for “music” (apparently a deliberate omission), 
he is practically the only composer to be mentioned by name, albeit in a vague reference 
to ‘John Cage’s soundings in time’ as part of a handful of examples of art grappling with 
temporality.4

John Cage and Time
From his earliest works, Cage has used what he called ‘rhythmic structures’ as a starting 
point for his compositions. Although these structures have been described in detail 
elsewhere,5 I will briefly explain their logic, and then investigate how Cage adapted the 
basic idea through several changes of medium and working method. Describing Cage’s 
gradual development towards working with absolute time, I will focus on the role of 
tempo.
 With the terms ‘rhythmic structure’, ‘micro-macrocosmic form’ or ‘square-root form’, 
Cage referred to the uniformity of the subdivision of the whole and the subdivision of its 
parts. In his own words: ‘The whole has as many parts as each unit has small parts, and 
these, large and small, are in the same proportion.’6

 First Construction in Metal (1939), for example, is divided into five sections of 4,3,2,3, 
and 4 phrases each (for a total of 16 phrases), while the bars of each phrase are likewise 
arranged in groups of 4-3-2-3-4 bars (16 bars in total). The large scale structure is thus 
filled with iterations of itself on a lower level, resulting in an overall structure of 16 * 
16 = 256 bars (disregarding a small coda). In the actual composition, this structure is 
articulated in various ways, including changes in musical material, timbre, dynamics, or 
by the completion of linear processes and other cadence-like effects.
 Another significant means of articulating the ‘nodal points’ of the rhythmic structure 
are tempo changes occurring in some of them. These changes are not prescribed exactly 
– Cage uses expressive markings such as ‘A little Faster’ or ‘Slowing Down very much’. 
Their effect is that the rhythmic structure is not literally translated into duration. The 
final four-phrase section of the structure will be shorter than the opening four-phrase 
section, since at least two tempo increases take place in the meantime. This is probably 
one of the reasons why Cage talked about ‘rhythmic structures’, and not about ‘durational 
structures’.

4 Ibid., xii.

5 Cf. for example Paul van Emmerik, ‘Thema’s en variaties: Systematische tendensen in de compositietechnieken 

van John Cage’, PhD thesis Universiteit van Amsterdam, 1996, 53-82.

6 John Cage, ‘[On Earlier Pieces]’, in: Richard Kostelanetz (ed.), John Cage [1958], New York: RK Editions, 1974, 

127-131: 127.
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In the third Sonata from Sonatas and Interludes (1948) for prepared piano, the structure is 
more intricate, since Cage uses fractions within his proportions: 1 : 1 : 3¼ : 3¼.7 This leads 
to interesting multiplications: at the micro-level, the proportion of 3¼ is realized as 1 + 1 
+ 1¼, or in bars: two bars of two half notes followed by a 54 bar. In the second half of the 
composition, the macrostructural 3¼ is realized in the same fashion: for the last iteration 
of the structure at the lower level, the entire structure is simply multiplied by 5/4. Where 
there was a bar of 54 already in the original structure, it is now squared to become a bar of 
25 16ths (the time signature is rewritten as 5

16 + 54). Again, there are some expressive tempo 
markings that slightly affect the realization of the structure in actual durations, though 
this time only in fractions of seconds.
 Cage was aware of the tension between his ‘rhythmic structures’ and their concretization in 
actual time. He avoided this tension in several works in which tempo and rhythmic structure 
were inversely related. An example is A Book of Music (1944) for two prepared pianos. The 
numbers of the rhythmic structure mirror the tempo changes, so that the duration of each 
phrase is exactly 56 seconds. In this case, the rhythmic structure is also the durational structure. 
In a sense, this is the first work in which Cage was working with ‘actual time lengths’, although 
it would take some technological ‘help’ to fully advance in this direction.

Tape Music and Spatial Notation
In a lecture given in 1940,8 Cage expressed his great expectations of electronic music: the 
composer (organizer of sound) would be faced not only with the entire field of sound, but 
also with the entire field of time. The ‘frame’ or fraction of a second, following established film 
technique, would probably be the basic unit in the measurement of time. No rhythm would be 
beyond the composer’s reach.9 This text is often linked to the influence of Henry Cowell and his 
book New Musical Resources, in which many rhythmic innovations were proposed. However, 
the technological aspect, perhaps more inspired by Varèse, should be noted as well.10

 Some time passed before Cage would develop his own activities in the tape studio. 
His first impressions were gathered in Paris in 1949, where Cage met Pierre Schaeffer 
and learned about his groundbreaking experiments in the field of electronic music. 
After returning to New York, he made a soundtrack for Herbert Matter’s Works of Calder 
(1950), a film about the kinetic artist Alexander Calder. Two parts of this soundtrack 
were composed for prepared piano, the other two parts consisted of sounds recorded on 
magnetic tape in the artist’s workplace – not a proper tape composition, but at least an 
important step in getting familiar with the phenomenon of magnetic audio tape.
 That this familiarity had an impact on the way Cage handled time, can be seen in the 
notation of two non-tape works made in the same period. In both Imaginary Landscape 
no. 4 for 12 radios and, more well known, the Music of Changes (both from 1951), Cage 
used proportional notation; the representation of temporal proportions using relative 
lengths of horizontal space. In Music of Changes, the ‘beat’ is counted in units of 2,5 cm in 
the score (please mind that even the original Peters edition presents a downscaled copy). 

7 Obviously, fractions containing fractions could easily be simplified, in this case by multiplying by 4 – 1:1:31/4:31/4 

equals 4/4:4/4:13/4:13/4, equals 4:4:13:13. One very practical reason for Cage not to do this may have been that 

he used the bar as the unit of reference at the microstructural level. Units thus last 1 bar, 31/4 bars, etc.

8 On many places, most notably in the collection of essays Silence, this essay is misdated to 1937. Miller has 

shown that the essay originated as a lecture, which was delivered on 18 February 1940 at the Seattle Artists’ 

League. The manuscript also has the year 1940 written on it. L.E. Miller, ‘Henry Cowell and John Cage: 

Intersections and Influences, 1933-1941’, Journal of the American Musicological Society 1 (2006), 47-111.

9 John Cage, Silence: Lectures and Writings, London: Calder and Boyars, 1968, 5.

10 The phrase ‘organizer of sound’ is unmistakably Varèsian, as is the hopeful, almost utopian image of 

electronic music. Cf. Edgard Varèse, ‘Organized Sound for the Sound Film’, The Commonweal 13 (December 

1940), 204-205.
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The tempo marking 69 indicates that the player should advance through the score with 
69 bits of 2.5cm per minute, playing the notes where he meets them.
 Despite the ‘spatiality’, the rhythmic structure of Music of Changes is still expressed in 
4
4-bar-units. As in Sonatas and Interludes, there are partial measures to express fractional 
parts of the structure. The structural proportions are almost symmetrical: 3:5:6¾:6¾:5:3⅛, 
and the first part (3 in the ‘macrostructure’), consists of three times a number of bars 
equal to the sum of the structure: 29⅛, literally translated to 29 44-bars and one 58-bar.
 As in the First Construction, most of the structural points (at 3 bars, 5 bars, and so on) 
have tempo changes, this time determined at random. The actual durational structure 
results from a combination of the rhythmic proportions and the tempos used (in this 
case these were derived by chance). It was in reference to Music of Changes that Cage said 
that: ‘Being indeterminate, though still present, it became apparent that structure was not 
necessary, even though it had certain uses.’11

 The structural framework of Music of Changes is expressed in metrical units to which 
the sound material does not adhere anymore. This separation between structure and 
content is much stronger than in the previous works, which were still notated metrically. 
In hindsight, Cage has said that some aspects of Music of Changes were quite analogous to 
what took place in tape music.12 He specifically referred to the use of fractional durations 
without the need to complete a bar, but I think one could extend the parallel to include 
the entire spatialization of time.

Williams Mix
Williams Mix (1952-53) is one of the first pieces Cage started working on after he finished 
Music of Changes. It is a tape composition for eight tracks of electromagnetic tape; a piece 
of ‘musique concrète’ using a ‘sound bank’ of pre-recorded sounds, most of which are 
filtered electronically before being spliced and joined together. It is not only one of the 
first musical compositions for electromagnetic tape, but also one of the first works in this 
genre and method of working, for which a score was made.
 Cage has described the score as ‘a full-size drawing of 8 tracks of ¼-inch tape running 
at 15 inches per second, ... intended as a pattern for the cutting and splicing of tape-
recorded sounds.’13 Example 1 shows the second page (of 192) of the score, containing 
two systems of eight ‘tracks’ each. The systems are 10 inches wide, and with the tape 
machines Cage used running at 15 inches per second, this image covers 1.33 seconds of 
music. To realize the composition, one should lay pre-recorded stretches of tape on the 
score, cut these along the lines, and splice the resulting snippets at the correct location, 
presumably on a neutral carrier-tape.
 The rhythmic proportions of the work are 5:6:16:3:11:5. At the macrostructural level, 
only the first two sections (3 and 5) were eventually realized. Cage has written that the 
structure was determined by chance, using a chart with numbers and the mechanism of 
the I Ching.14 These numbers are translated to inches of magnetic tape (indirectly, as we 
shall see). Nevertheless, one of the early sketches for the work shows that Cage started out 
by designing a structure expressed in absolute seconds. Aiming towards a total duration 
of 20 minutes, he devised a structure of 35x35 seconds, divided in 5-7-2-9-6-6.15

11 John Cage, ‘Composition as Process’, in: Silence: Lectures and Writings [1958], London: Calder and Boyars, 

1968, 18-55: 20-21.

12 Cage, ‘Composition as Process’, 29.

13 John Cage, ‘Williams Mix’, in: Kostelanetz (ed.), John Cage, 109.

14 Ibid.

15 John Cage Music Manuscript Collection, JPB 95-3 Folder 214 (public service copy) and JPB 94-24 Folder 188 

(originals) at New York Public Library for the Performing Arts, Music Division. I thank Laura Kuhn of the John 

Cage Trust to grant NYPL permission to send me copies of the sketch material and score of Williams Mix.
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One reason why Cage dropped this structure in an early stage may be found in a letter 
he received from Pierre Boulez in December 1951. Boulez describes his experiences 
working on his first piece of ‘musique concrète’, and, among other observations, firmly 
states that ‘one works better on the work without being preoccupied with the question 
of the second.’16 Realizing a structure in seconds would require too many intermediary 
calculations in the studio, while these can easily be disposed of by working directly in tape 
inches (indirectly also representative of time).
 This letter may have put Cage on the track to work in inches as well, but it is difficult 
to reconstruct the exact chronology of events. The first sketches for Williams Mix cannot 
be dated exactly, but they were written on the back of publicity flyers for two concerts 
by pianist David Tudor in the Cherry Lane Theatre in New York, on 1 January and 10 
February 1952. The program of the first concert contained, besides works by Wolff and 
Feldman, the Second Sonata of Boulez and the first integral performance of Music of 
Changes.17 Cage’s sketches cannot be dated exactly before or after either of these concerts, 
but it is very well possible that Boulez’s letter, not exactly dated either, arrived (or was 
read) shortly after Cage started constructing the structure in seconds, and made him 
change his mind to proceed his work in inches.
 

16 Jean-Jacques Nattiez, The Boulez-Cage Correspondence, s.l.: Cambridge University Press, 1993, 122.

17 The program for this concert is reprinted on http://www.emf.org/tudor/Graphics/pnoNYC1-52.jpg (via 

http://www.emf.org/tudor/Piano/piano.html) (Last accessed: 22 July 2009).

Example 1
John Cage, page 2 from the score of Williams Mix 

© 1960 Henmar Press, New York. Reprinted with permission.
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Apparently, Cage wanted to apply the same kind of tempo variations that articulated the 
structure of Music of Changes and other works. In each section, he used a chance-based 
factor ‘n’ to translate the given number of the rhythmic structure to inches. In Table 1 
the length in inches of each section of the microstructure is divided by the value ‘n’ given 
in the score. The result, in the far right column, corresponds to the rhythmic structure 
found in the sketches: 5-6-16-3-11-5.

#

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

...

65

66

Distance

0

41,25

87,75

191,75

213,15

293,25

314,5

350,75

397,25

481,25

503

602

647

692

746

862

886,75

1005

1053,75

1086,25

1129,75

1293,75

1323,5

1408,75

1436,25

1463,75

1498,25

1594,25

1616,75

1724

1775,25

1826,5

1876

1980

...

3736

3802

3837

dDist

41,25

46,5

104

21,4

80,1

21,25

36,25

46,5

84

21,75

99

45

45

54

116

24,75

118,25

48,75

32,5

43,5

164

29,75

85,25

27,5

27,5

34,5

96

22,5

107,25

51,25

51,25

49,5

104

23,25

...

66

35

n

8,25

7,75

6,5

7,25

7,25

4,25

7,25

7,75

5,25

7,25

9

9

9

9

7,25

8,25

10,75

9,75

6,5

7,25

10,25

10,25

7,75

5,5

5,5

5,75

6

7,5

9,75

10,25

10,25

8,25

6,5

7,75

...

6

7

 

dDist/n

5

6

16

3

11

5

5

6

16

3

11

5

5

6

16

3

11

5

5

6

16

3

11

5

5

6

16

3

11

5

5

6

16

3

...

11

5

 

Table 1
Tape lengths, values for ‘n’ and rhythmical structure in Williams Mix.
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The sketches do not yield an explanation about the way in which the ‘n’ for each section 
was determined. However, the average value in the two parts that were realized is around 
7,5, which might bear some significance since the tape recorders that Cage used ran at 15 
inch per second – almost exactly twice as much. Of course, one cannot directly translate 
this average into an overall duration, since the corresponding values of the rhythmic 
structure are themselves diverse.
 However, the fact that Cage planned the work to be 20 minutes when he was still 
thinking in seconds, and that he still refers to this duration in a letter to Boulez, when 
he was already thinking in inches, might indicate that he did consciously choose ‘n’ to 
generally aim towards an overall duration.18  Eventually, Cage and his team of helpers 
only realized the first two parts of the metastructure (5 and 6), resulting in a work of 
just 4’26’’.
 The main difference between the tempo changes in Music of Changes and Williams 
Mix is that the tempo changes in the former composition also affect the ‘speed’ at which 
the musical material is played. In Williams Mix, only the duration of sections is affected, 
or: how much samples will fit into a certain part of the structure. In both works, the 
pitch of the material remains unaffected – this would have been different if Cage had 
chosen to vary the tempo using the tape coil speed, for example. One could say that 
only in Williams Mix, Cage’s ideal of a true (conceptual) independence of temporal 
structure and sonic content was realized. ‘Tempo’ can, in this case, be defined as the 
speed at which a sound space is traveled, where the sound objects nevertheless remain 
themselves.

Chronophobia?
Williams Mix sounds very much like the fast-forwarding through an entire acoustic 
universe in just a few minutes.19 I have disregarded the almost obsessively precise 
placement of individual events in time, which made the realization of the piece a matter 
of many months. Whatever the placement of the sounds is, however, the piece seems to 
play too fast to register it. Only new technology – the recording equipment itself and the 
possibilities it offers to manipulate the recorded material – enabled this, and Williams Mix 
makes the implications audible in a highly dramatic fashion, not only by its sheer speed, 
but perhaps even more by its foreshadowing of the modern phenomenon of ‘information 
overload’.
 The effect this had on Cage’s ideas on time and its scale was enormous. It seems for 
example that he was quite surprised that the second, which he had always considered to 
be a rather small unit of time, could contain so much information:

What was so fascinating about tape possibility was that a second, which we had always 
thought was a relatively short space of time, became fifteen inches. It became something 
quite long that could be cut up. Marty [Morton – JV] Feldman ... took a quarter of an inch 
and asked us to put 1,097 sounds in it, and we did it – we actually did it.20

There is little anxiety speaking from this quotation, yet I would argue that this kind of 
experience, and its translation into artistic results, is exactly what Lee defined as the 
‘chronophobic’. Cage would continue his development towards working with absolute 

18 ‘The piece as planned is 20 minutes, but 4 minutes alone (the first “mouvement”) will be 192 pages!’ 

(Nattiez, Correspondence, 132). This letter is not dated exactly, but was at least written after determining the 

new rhythmic structure and the use of factor ‘n’.

19 At the moment of writing, the composition can be heard at several on-line locations, for example www.

youtube.com (search on “Cage Williams Mix”, last accessed 22 July 2009).

20 Richard Kostelanetz, Conversing with Cage, New York: Limelight Editions, 1987, 164.
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time in proportional graphical scores such as 34’46.776” For a Pianist (1954), in which 
imperfections in the paper fill the time structure, and finally settle with the use of 
chronometers in his ‘number pieces’, notated in time brackets. I will leave the discussion 
of these works to another occasion.21

21 Most of the material presented above will appear in much extended form in my dissertation, ‘Tempo and 

Duration in Nonlinear Music of John Cage, Karlheinz Stokhausen and Louis Andriessen’,  K.U. Leuven, 2010. 

The research has been made possible by a grant of the Research Council of the K.U. Leuven.
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