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the ratio of pulse-rate-to-respiration-rate can vary from 2.5
to 7.0, it equilibrates to a value of 4.0 between midnight and
3 a.m., when physiologic function is optimized according to
a so-called nightly normalization of the rhythmic functional
order principle that prevails during restful sleep. In fact,
harmonic co-acting (synchronization) of all physiologic
processes is especially prevalent during sleep—as is a
decrease in physiological complexity, commensurate with
the absence of conscious activity. This allows harmonic
ratios to be the simplest ones possible, thus reducing and
optimizing the energetic demands of the organism. Result: a
state of physiologic consonance that also optimizes healing.
On the other hand, stress, during one’s wakeful hours
upsets this balance/equilibrium, leading to physiologic
dissonance, with all of its adverse consequences on health
and well-being.

Bottom line: there are some obvious connections
between the elements of music—rhythm, melody, harmony,
timbre, dynamics, form—and physiologic function, as
embedded in biorhythms that include, for example,

• the cyclic beating of the heart;
• periodicity of the firing rates in neurons;
• rhythmic breathing patterns;
• oscillating peristaltic movements in the gastrointestinal
system;

• diurnal variations in body temperature;
• timed release of urine (bladder function) and fecal
wastes (rectal function);

• timed release of endocrine hormones to correspond with
their role in circadian metabolic processes;

• sleep/wake cycles;
• periodic 90-min sleep stage cycles;
• female menstrual cycles;
• patterns of gait;
• the 4-to-6-hr cravings for food (hunger cycles).

But the connections actually go much deeper than that,
as we glean from an examination of spatial anatomic engi-
neering design principles.

3 Spatial considerations that can be deduced by examin-
ing the human arterial system

Back in the mid-1970’s, I set out to develop an engineering
model of the morphometry of the human arterial system
(Schneck [11]). So, off I went to map, for several anatomical
vascular beds, the following:

(i) branching configuration, B (e.g. B = 2 defines a bifur-
cating network, B = 3, a trifurcating one, etc.);

(ii) total number, N , of branching generations per vascular
tree, where a “generation,” m (m = 0, 1, 2, . . . , N ), is
defined to be any one of a number of successive down-
stream branchings—from the parent vessel (m = 0)

spawning a specific vascular bed, to the downstream dis-
tribution of capillaries (m = N ) that derive from that
particular parent vessel;

(iii) total number, n, of daughters in any generation m;
(iv) mean internal-diameter, Dm, and characteristic length,

Lm, for a “typical” blood vessel in generation m.

I postulated (see later) that Dm and Lm could be
expressed in terms of parent dimensions, D0 and L0 by the
power-law expressions: Dm = D0rm and Lm = L0Rm,
where “r” represents a characteristic scaling factor for
internal diameter, and “R” a characteristic scaling factor
for mean vessel length; n, B, and m were also made to fit
the power-law equation: n = Bm.

After I accumulated an enormous amount of published
data for the following circulatory pathways:

• pulmonary—the lung, specifically, its blood-processing
pathways,

• renal: the kidney,
• coronary: the heart, specifically, its feeding network,
• bronchial—the lung again, but this time, its nourishing
pathways,

• and cerebral: the brain

an interesting pattern began to emerge which, in fact, carries
over one-to-one into the time domain, and into music, as
we will see later. That is to say, with remarkable consis-
tency, r fell within the narrow range 0.600 (for the coronary
circulation) and 0.616 (for the renal circulation). Given the
margin of error in both accumulating the anatomical data
and calculating these values for “r”, there was a glaring
similarity between the values of the scaling factors, r, and
the value of a scaling factor that routinely appears in studies
of self-similar systems, that is, the factor r = 0.618.

Actually, 0.618 is rounded-down from the more exact
irrational number [2 ÷ (1 +

√
5)] = 0.618033989 . . . =

(1/x), where x = 1.618033989. The latter is the positive
solution to the equation, x2 − x − 1 = 0. This equation
derives from the observation of the Greek mathematician
Euclid (c. 365–265 B.C.) that, given any two quantities, x
and y, where x > y, the ratio of (x + y)-to-x is equal to the
ratio of x-to-y, that is, [(x + y)/x] = (x/y), which, for y

normalized to unit value, yields, exactly, the above quadratic
equation. Any two quantities for which these ratios hold are
said to be in Golden Ratio, which is the irrational number,
x = 1.618033989 . . ., whose reciprocal, as shown above,
is equal to (x − 1), that is, (1/x) = (x − 1) = 0.618 . . .
(note that this relationship, too, yields the above quadratic
equation).

As shown further by a leading European mathematician
of the late Middle Ages (c. 1202), Leonardo of Pisa (also
known as Filius Bonacci), the Golden Ratio also happens to
be the limiting value of sequential ratios in the numerical
series, 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55 . . . . In this series, the
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numbers after 0, 1 obey a recursion formula, that is, each
successive number is the sum of the previous two: 1 = 0+1;
2 = 1 + 1; 3 = 1 + 2; . . . , aj
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relationships—which typically characterize self-similar
systems—are highly successful in describing the structure-
and-function of the human body (Schneck and Simanowith
[13]). Thus, it is not surprising that such power-law
formulations do provide very effective paradigms to model
and quantify both nonlinear anatomic complexity (including
scaling laws), and nonlinear physiologic complexity
(including constitutive
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are nevertheless
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fractional dimensionality of k—compared to a corre-
sponding “standard.” Again, note from the equations
above, that the fractional dimension can be calculated as
(log α) ÷ (log λ).

For the vascular system in “branching space,” k is
evaluated by plotting y = log[Dm/D0] versus x = log[n]
(both functions of m), and then using a regression technique
to calculate the mean slope of the resulting graph. The
Hausdorff dimension we thus calculated was found to have
a value between −0.37 and −0.40. The negative signs are
consistent with the vascular system’s “thinning-out with
increasing m, in the branching space,” that is, this is an
inverse power-law relationship.

We see then that, morphometrically, natural fractal sys-
tems are not “smooth and homogenous” across all scales of
perception. Rather, they represent what might be called a
constrained randomness that is found everywhere in nature
(yes, even in music, too)—a type of self-similarity that, on
the one hand, is not purely random, yet, on the other hand,
lacks a specific, classical, constant scaling factor that pre-
vails across all levels of dimensional perception. The sig-
nificance of the Principle of Fractal/Fibonacci Scaling in
such self-similar systems is that it provides a reasonable
balance between deterministic, complex anatomic order and
seemingly random, statistical chaos. (Note that the opera-
tive word here is “complex”, like the line twisting or the
plane contorting as described earlier.) This Principle also
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has a uniform-or-nearly-uniform energy spectral density
function, P (f) [energy, or power, P (f), per Hertz], plotted
versus f , over any well-defined frequency band. Using light
as an example, white light, then, is the mixture of all seven
visible frequency bands in the ranges:

• 400–484 Tera(1012) Hertz (THz) = red,

• 484–508 THz = orange,

• 508–526 THz = yellow,

• 526–606 THz = green,

• 606–668 THz = blue and

• 668–789 THz = violet,

with each bandwidth having approximately equal represen-
tation, that is, equal energy per cycle in the frequency spec-
trum of the “noisy” signal.

Now suppose we have a situation where equal power
exists not in frequency bands of constant increments, Δf ,
but in bands that are proportionally wide, having a constant
proportionality factor, β. For example, the power might
be the same in frequency bands separated by a β-factor of
two—expressed as “equal power per octave, 8ve,” rather
than “equal power per cycle” (recall our discussion of self-
similarity). Then, instead of having the same energy in each
band of width Δf = 30Hz = constant, as was the case
earlier, we now have the same amount of energy in the band
from 20Hz to 40Hz (bandwidth doubling, increasing by
Δf = 20-Hz), as exists in the band from 9,220-to-18,440
(bandwidth again doubling, but this time, Δf = 9, 220-Hz,
and k = 2) . . . and so on.

In the above case, each bandwidth of equal energy
involves a constant factor (an octave, twice the frequency),
rather than a constant increment, such as Δf = 30-Hz.
This means that—compared to white noise, where each
frequency component is assumed to have equal power,
yielding a flat energy spectrum—we now have a situation
where each frequency component actually loses energy
as we move up the frequency spectrum in octaves. That
is to say, at the low end (20–40Hz) the same amount of
energy is shared by only 20 frequency components, whereas
at the high end (9,220–18,440Hz), that same amount of
energy is shared by 9,220 frequency components, so each
frequency component at the high end has correspondingly
less energy than does one at the low end. For many noisy
signals, such intensity variations with increasing frequency,
often expressed as “decibels, dB, per octave,” can be
modeled by a Power-law relationship, wherein P (f), per
infinitesimal bandwidth, δf , is expressed in terms of center
frequency, f , by an inverse-power-law equation of the type
P (f) = [1/f ]k (again, suggestive of self-similarity in the
frequency, as opposed to the spatial domain).

If we take the logarithm of both sides of this equation
we get

log
[
P (f)

]
= k log(1) − k log(f); and since log(1) = 0,

this equation reduces to

log
[
P (f)

]
= −k log(f).

The log-log plot o w e l
( f
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• “yellow”; (“sunlight” noise);

• “black” (k > 2).

It is worth emphasizing again that power-law rela-
tionships are typical of self-similar systems. It therefore
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