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1 Introduction

It has taken me many years to really discover the role my background in physics could play in my composition. Over
the summer, while writing Cosmos 1 1, I discovered a way (new to me, at least) to use the relationships and processes
I know from physics as tools to compose. These processes and relationships can now be incorporated, at any level,
into my music. From the largest variables of structure to rhythmic precision to harmonic and melodic content, I
have found ways to inform my music with these tools. What I have come to realize is that, in addition to these
tools giving me unique control over many aspects of my compositional process, they also provide fertile new realms
of compositional material.

2 The Physics

2.1 Temporal Control through Mathematical Means

When I began working on Cosmos 1 in May of 2013, I realized I sorely lacked the capabilities to develop and sustain,
and even to justify, interesting rhythmic material. I began the composition of the piece by drawing a number of
connected shapes on a graph with a horizontal time axis and a vertical frequency/pitch axis. In calculating the lengths
of the sections (which needed to satisfy a few simultaneous conditions about length, proportion, and arbitrary artistic
choice) it occurred to me that the curves of the shapes actually closely followed curves I could accurately describe
mathematically. This led to the realization that I can write functions that took some input value and turned it,
through one of these curves, into a time coordinate.

My initial investigations were regarding calculating the entrances of the 12 voices of a harmonic canon that opens
Cosmos 1. I needed an equation that, to my liking, properly accelerated the entrances of the events. After some
experimentation, include circular, hyperbolic, parabolic, and trigonometric curves, I chose this

t(n) = ∆td sin(
πn

2N
) (1)

Here, ∆td is the total length of time that this curve generates events for, N is the total number of events, and n
is one of the events. This curve represents the first quarter of a total sine-wave, starting from zero and going to
π/2. This function produces an event structure that accumulates events in time gradually from a linear pattern to
a highly accelerated gesture.

From this initial investigation, I explored a variety of ways to calculate, using similar techniques, a number of
temporal structures. A few of the more widely used structures in my music are found below.

t(n) = ∆td

( n
N

)α
(2)

With α being a constant value that is used to control the rate of accumulation or dissipation of events.

t(n) = φ(∆td − t(n− 1)) + t(n− 1) (3)

With φ being a constant value between zero and one. Unlike Equations 1 and 2, Equation 3 is a recursion relation,
it does not have a finitely bound N . Instead, it can be used as many times as necessary to accumulate events to the
exact end of ∆td.

In general, we can discern some rules about the nature of the gestures created by these functions.

1Cosmos 1 is a large orchestral piece, written for the RAM’s Fall Symphonic Orchestra Workshop. The instrumentation is 2+Picc,
3, 2+E[, 2+contra - 4, 3, 2+bass, 1, timp, 2 perc (1 - Tam-Tam, Bass Drum, 2 - Glockenspiel), harp, and strings.
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• If the function is locally2 asymptotic toward a horizontal asymptote, then the rate of events increases as n
increases. Specifically, if limn→N

d
dn (t(n)) = 0 then the event rate increases.3

• If the function is locally asymptotic toward a vertical asymptote, then the rate of events dissipates. Specifically,
if limn→N

d
dn (t(n)) =∞ then the event rate decreases.

• If the function is locally asymptotic toward a line with slope m, then the rate of events converges to a constant
event rate of m. Specifically, if limn→N

d
dn (t(n)) = m then the function converges to a constant event rate.

Interestingly, if t(n)−mn > 0 then the event rate slows to the constant rate of m. If, instead, t(n)−mn < 0,
then the event rate increases to the constant rate of m.

It is important to note, as well, that all of these functions must be strictly increasing or strictly decreasing along
the region of the curve that they are being used. If this condition is not maintained, then as n increases, t(n) will
generate values that are less than (e.g. earlier than) some time generated by a smaller n.

Another method of temporal control that I have used in a number of pieces is the temporal mapping of the
harmonic series. This method uses each node of each overtone of the harmonic series as an event time, where the
width, or fundamental wavelength, of the series is ∆td. In this case, the event generating function looks like this

t(n, k) = ∆td
n

k
(4)

Where 0 ≤ n ≤ k and k is the kth overtone of the harmonic series. This function is used widely in my music, as it
generates fantastic textural material, however, more on that in §3.

2.2 The n-event Axis and the Emancipation of Time

So far, all of the functions developed use a common index of the nth event. The musical meaning of what constitutes
an event will be covered in §3. In the meantime, it seems to be presumed, especially by the requirement laid out in
§2.1 that the functions be strictly increasing or decreasing, that the (n+ 1)th event always follows the nth event in
time. However, this need not be the case. If we imagine that the n-axis is actually the fundamental organizational
element of the musical material, then time, like many other musical variables, can simple become an outcome of the
nth event’s location on the n-axis.

This idea was put into practice in the piece Heat Death4 where I used a logarithmic function to generate a timing
curve with an additional random number generating part. The general functional form of the Heat Death timings is

t(n) = ∆td ln
( n
N

)α
+ C

( n
N

)β
Rand(−1, 1) (5)

Here, α, β, and C are values that I can use to adjust the function to my specific æsthetic desires. Rand(−1, 1) is a
random number generator that yields values between −1 and 1. In addition to the Rand(−1, 1) part of the function
having a tuning coefficient C, it also has a scaling function of (n/N)β . This allows me to control the influence of
the random part of the function as n varies. Of course, this allows for, depending on the value of C and β, higher
numbered events to have earlier t(n) locations. if, other musical variables are mapped onto these events as a function
of n (and not as a function of time), then the temporal evolution of those other musical variables also becomes
disordered. In the case of Heat Death, musical variables were controlled as a function of both n and t, as will be
discussed in §3.

3 Mapping to Music

Until now, the discussion has been dominated by the abstract development of the mathematical tools used to generate
musical material. The process of mapping these functions into a musical context is a matter of æsthetic choice and, in
my specific desire to represent certain physical phenomena, a matter of coherent and consistent translation between
the physical world and the musical one.

2The reason the word ‘locally’ is used here is because, as is the case with Equation 1, sometimes only part of a curve is used. Thus,
it is required that only the part of the curve that is being utilized to generate temporal distributions satisfy these conditions.

3This makes sense, as the length of time between two adjacent events is t(n)− t(n− 1), which is the discrete derivative of the function
t(n).

4Heat Death was written for the CHROMA Ensemble, with an instrumentation of Clarinet in B[, Violin, Viola, Cello, and Accordion.
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3.1 General Mapping Procedures

Generally, deciding how to map these functions onto the musical material is very straightforward. Most of these
functions simply produce a value for the timing, usually in seconds, throughout the overall duration the function is
valid for. For instance, using Equation 1 with values for ∆td = 100 seconds and N = 10 we generate, as seen in
Table 3.1, event timings for a score with a time signature of 4

4 and ♩ = 605.

Table 1: Event Timings for Equation 1

nth Event Time (seconds) ∆Time (Sec.) Bar : Beat
0 0 - 1 : 1.00
1 15.64 15.64 4 : 4.64
2 30.90 15.26 8 : 3.90
3 45.40 14.50 12 : 2.40
4 58.78 13.38 15 : 3.78
5 70.71 11.93 18 : 3.71
6 80.90 10.19 21 : 1.90
7 89.10 8.20 23 : 2.10
8 95.11 6.00 24 : 4.11
9 98.77 3.66 25 : 3.77
10 100.00 1.23 26 : 1.00

In Table 3.1, it is clear from the column labeled ‘∆Time (Sec.)’ that the amount of time between each event
gets smaller as n increases. Thus, this process accumulates the event entrances toward the end of ∆td, which is the
downbeat of bar 26 in this example. Converting the Bar:Beat values into rhythmic values is a matter of choice and
accuracy. In the first version of Cosmos 1, I divided the beat into 5, 6, 7, and 8 different parts, and then determined
the rhythm based on the smallest difference between the calculated value and the decimal value of those divisions.
For instance, in Table 3.1 n = 3, where the beat value is 2.40, I would have chosen a rhythm occurring on the third
part of a quintuplet in the second beat of the bar. In the second version of Cosmos 1, and in other pieces, such as
Heat Death, Rotated Antiphony, and Cosmos 2, I have, for simplicity, only divided the beat into 3, 4, and the first
and last division of 8 divisions. In this case, the same event, n = 3 from Table 3.1 would be assigned to the second
part of a triplet.

Mapping to other musical elements, such as pitch, articulations, dynamics, etc. . . can most easily be explained
through examples of actual works, as the process is usually undertaken on a case-by-case basis.

3.2 Specific Examples from my own Music

Generating pitch material from a mathematical process is most often done in my music using the process suggested
in Equation 4. An example is found in the third section of Cosmos 1. Here, a choir of instruments is assigned to
each of the nodes k. Then, each t(n, k) is calculated and those events, consisting of both a pitch and time, are put
into the score.6 Other methods to generate pitch material have been used in Heat Death, where the upper- and
lower-boundaries of the pitches were determined using two curves. The two curves generate pitch information using
MIDI numbers, such that if a function output the value of 69, the pitch would be A4. The upper boundary was
determined using a parabolic curve with the form

phigh(n) = p2n
2 + p1n+ p0 (6)

Where p2, p1, and p0 were all constants used to adjust the curve to the necessary æsthetic requirements. The lower
boundary was generated using

plow(n) = P0 − lnn (7)

Where P0is an adjustment constant. These two curves were designed using specific values for their tuning constants
so that at n = 1, phigh(1) = plow(1) + 12 (an octave apart), and at n = N , phigh(N) > 108 (as high as possible) and
plow(N) = 24 (lowest note available in the ensemble, C1).

5In Cosmos 1, the actual values are ∆td = 216.168 seconds, N = 16, a time signature of 3
4

, a tempo of ‘Cosmically Indifferent ♩ = 60’,
and the process began on the downbeat of bar 10.

6This texture begins at rehearsal mark 18 and continues until the fifth bar after rehearsal mark 21 in Cosmos 1.
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In Heat Death, dynamics are governed by a function involving an inverse natural logarithm. This is because I
chose to map temperature to dynamic value. The function that governed the dynamics has the form

D(t) = b(D0 −D1 ln(t))c (8)

Where D0 and D1 are adjustment constants. These constants were adjusted so that in Heat Death the dynamic range
was from 1 to 18, D(0 seconds) = 18, and D(400 seconds) = 1. Equation 8 is rounded down to the nearest whole
integer so that the numeric values can be mapped directly to dynamic values. The dynamic values were assigned so
that D = 18 produces the loudest dynamic (ffff with an accent), and D = 1 is the softest dynamic (pppp without an
accent). Equation 8 depends on the time an event occurs, and not on n.7 The dynamic curve described in Equation
8 creates a smooth and constant diminuendo over the entire extent of the piece that starts quickly and gradually
approaches a plateau at pppp.

4 Conclusions

The mathematical techniques demonstrated above are but a few of a larger array of mapping tools I have used and
investigated. Beginning in Le Soir from my Three French Songs where I used spectral analysis to recreate the sound
of a crowded room talking on the piano, and then in Cosmos 1 where I unleashed a multitude of mathematical and
spectral techniques to realize an arbitrarily devised architectural form, to Heat Death where I carefully designed a
set of mappings to generate the entire musical discourse, I have explored in depth what is at least the first working-
draft of this technique. Moving ahead, I have begun using these tools to articulate specific parts of the structural,
rhythmic, and harmonic material while allowing myself the freedom to exercise my artistic intuition. What I have
come to discover, so far at least, with these techniques is that they are powerful, thoughtful, and useful tools to have,
but that they can sometimes produce music that does not fit comfortably within my own æsthetic sensibility. I have
found that it is my responsibility as a composer to have enough artistic integrity to overcome the ‘integrity of the
process’ that is inevitable in this kind of composition.

7This is an important distinction, that demonstrates the fundamental difference between using the t-axis and the n-axis for ordering
events. One might recall that the time of each event is a function of n, however, there is also a random part in Equation 5. This means
that although the dynamics are essentially still a function of n, the randomization causes the temporal order of the events to not always
be the same as the n-order of events. The dynamics are therefore a function of the time of each event within the context of the piece,
regardless of each event’s position along the n-axis. In essence, the timing and pitch calculations are made before the randomization of
the n-axis order, but the dynamics calculations are made after, effectively ignoring the randomization.

4


