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Goals

* Introduce a concept of rhythmic qualities analogous to Quinn’s (2006)
harmonic qualities.

e Relate rhythmic qualities to meter.
e Describe Reich’s cyclic rhythms using rhythmic spectra.

e Demonstrate mathematical properties of the DFT and their significance
to understanding cyclic rhythmes.

BOSTON
UNIVERSITY Jason Yust: Reich and Rhythmic Qualities SMT, November 2019




Pure metrical rhythms as periodic functions
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Pure metrical rhythms as periodic functions

e o g et
= J. d|

BOSTON
UNIVERSITY Jason Yust: Reich and Rhythmic Qualities SMT, November 2019



Rhythmic Qualities
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Rhythmic Qualities
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Rhythmic Qualities
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Rhythmic Qualities

The discrete Fourier transform (DFT) converts any cyclic rhythm on a grid
of n time points to a set of n rhythmic qualities by

(1) Wrapping the complete cycle into k subcycles (for all k s.t. 0 < k < n).

(2) Summing the rhythm in the vector space (f,) for each of these
subcycles.

The results for complementary f, and f, _, are equivalent, so we consider
onlyf,tof,,.

Each f, is represented by a magnitude and a phase, representing the size
of quality k and its orientation in the cycle.
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DFT on pitch-class sets and rhythms
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On the Beat-Class—Pitch-Class Analogy
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Example: Reich’s signature rhythm (Clapping Music)

Usedin...

” m D ,h D H Clapping Music (1972), Music for Pieces of Wood
(1973), Music for 18 Musicians (1974—6), Desert

0, 1,2, 7, 9, 10 )
Music (1984), Sextet (1985), Three Movements
(1986), Electric Counterpoint (1987), . ..

Clapping Music Music for Pieces of Wood Sextet |
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Example: Reich’s signature rhythm

Vector addition for f;

“mﬂﬁﬂ | 2
0, 1,2, 7, 9, 10 '/\4
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Example: Reich’s signature rhythm

Vector addition for f,

“m ﬂ b, I,
0, 1,2, 7, 9,10 \

Y
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Example: Reich’s signature rhythm

“m D .h D H Vector sums for f;and f,

0, 1,2, 7, 9, 10
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Example: Reich’s signature rhythm

Vector sum for f-

Hmﬂﬁﬂ\\

0, 1,2, 7, 9, 10
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Example: Reich’s signature rhythm

\\mﬂﬁﬂ\\

0, 1,2, 7, 9,10
Phase
Rhythm &
\ ‘ ‘ ‘ ‘ \ ‘ Magnitude
fs
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Example: Reich’s signature rhythm

The spectrum of a rhythm shows the sizes of each component
as squared magnitudes

Spectrum of the
Clapping Music

rhythm:
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Meter and Rhythmic Qualities
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Heard in 3/2 (division of the measure in 3) or 12/8 (division of the measure in 4) the
Clapping Music rhythm has a feel that is metrical but syncopated.
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Meter and Rhythmic Qualities

The largest rhythmic quality, f-, is

roughly in phase with the downbeat,
but is not metrical in any regular
meter.
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The signature rhythm
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Maximizing f

“Circle
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Mathematical properties of the DFT

Invertibility: e
’ g Ne-to-one ..
{Weighted collections of onsets} « » {Qualities}

Conservation of power:
Sum of squared onset weights = Sum of squared qualities

Magnitudes are invariant over rotation and retrograde
(transposition and inversion)

The maximally even rhythm of cardinality n maximizes f,
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Mathematical properties of the DFT

Conservation of power:
Maximizing fc entails minimizing all other qualities
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Mathematical properties of the DFT

Convolution theorem:

Transpositional combination (convolution) of sets corresponds to

multiplication of their spectra.

Convolution in the rhythmic domain = canon
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Convolution
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Convolution
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Changing meter in the finale of the Sextet
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Changing meter in the finale of the Sextet
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Changing meter in the finale of the Sextet

(0,3,4,6,8,9) x (0,3)
=(0,0,3,3,4,6,6,8,9,9,11)
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Canons on the signature rhythm

Sextet mvt. 1:
(0,1,2,4,5,7,9,10) x (0,2)
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Canons on the signature rhythm

Sextet mvt. 1:
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Canons on the signature rhythm

Electric Counterpoint mvt. 3:
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Sextet Mvt. 4

A modification of the signature

rhythm to fit in an irregular 22-onset

universe
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these rhythms can be seen by
scaling their spectra to reflect
the common shape
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Sextet Mvt. 4
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Electric Counterpoint, Mvt. 2
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