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1g60.—Dynamic mathematical relations describing respiratory
sinus arrhythmia were derived through analogue computer
simulation. If a signal proportional to thorax circumference
is fed into the analogue computer, it calculates with differential
equations the complex heart rate changes in real time and
records them along with those of the real heart. Close corre-
spondence of the predicted and actual changes of heart rate
for a wide variety of modes of breathing, and for different
individuals, proves the validity of the nonlinear differential
equations describing the phenomenon. The respiratory effects
are shown to be caused by two separate reflexes each producing
biphasic heart rate transients in the same directions. The ob-
served effects are the result of superposition of those transients.
Previous paradoxical results in attempting to relate heart rate
to respiration on a steady-state, nondynamic basis are thus
explained. The laws indicate that stretch receptors and not
hemodynamic or central nervous factors initiate the changes
in heart rate. The analysis also allows heart rate effects of
exercise and emotional stresses to be more precisely perceived,
as clearly separated from respiratory effects.

ALTHOUGH FEEDBACK THEORY and control system
analysis (1—4) have been in vogue for well over a decade,
the quantitative applications to biology have so far been
relatively few (5-10). This is in spite of the ready recog-
nition of the numerous control systems found in living
organisms (11, 12).

THEORY

Dynamic Simulation and Control System Theory
Applied to Biologic Systems

The reason must be found in the unavoidable lag,
which any new theory developed in one discipline suffers,
before it is freely used and accepted in another discipline.
A considerable difficulty is also presented by the different
problem that biologic analysis presents from the engineer-
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1 Many technical and computer aspects of this paper appeared
in Transactions of the Institute of Radio Engineers, PGME,
Medical Electronics, January 1g6o.

ing of physical analysis. The two processes are, in face,
diametrically opposite; while the engineer predicts the
performance of a system built of known components, the
biologist has to determine the nature of the system struc-
ture and components by its behavior. Since biologic
systems are, in general, resplendent with nonlinearities,
further difficulties are encountered, since the theory of
nonlinear systems has been worked out for only special
cases.

In outline, the method of dynamic simulation is ap-
plied to a biologic system as follows:

a) Data are obtained from the system in ways and
forms suggested by control system theory in order to
yield maximum information about dynamic interrela-
tions.

b) Appropriate differential equations are established
on the analogue computer which represent the dynamic
rclations displayed by the data.

¢, 1) Generality and validity of the equations, which
provide solutions for the response of the biologic system
to an arbitrary input (or disturbance), is first tested- by
comparing predicted solutions with experimental ones,
using a wide variety of inputs.

¢, 2) If the equations are correct, then the correspond-
ing systems of different individuals are expected to differ
only in the values of the parameters of the equations,
but not in the structure of the equations,

d) Predictions of structural organization and compo-
nent properties may be made from the equations, com-
bined with already known physiology, and predictions
tested by appropriate experiments.

The method is particularly suitable for the study of
complex regulatory systems. Fundamentally, it applies to
organic regulatory systems the standard sequence of pure
scientific method: data, abstraction, verification -and
prediction.

Physiologi¢’ Background for Study of
Heart Rate Control System

Respiratory effects on hearl rate. Respiratory ‘waves’ in
heart rate and in blood pressure have been known to
exist for a long time. Mostly, cardiac acceleration has
been associated with inspiration and deceleration with




































