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Abstract: The “pump theory” and “wave theory” of cardiac function are analyzed. It is shown that the heart plays a role
actually not as a pump but as a pulse generator, producing a series of pulse waves that carry energy. Each pulse wave consists
of an ascending branch and a descending branch. The former corresponds to a loading process, in which the pressure, particle
velocity, energy as well as oxygen saturation all increase with time. While the latter corresponds to an unloading process, in
which the pressure, particle velocity, energy as well as oxygen saturation all decrease, up to zero. So the concepts proposed in
the “pump theory” , such as the Windkessel effect, one engine-two pump and diastolic pump, all do not hold up. The cardiac
power of about 1.5 W essentially represents the power of each pulse wave. Aimed at the characteristic that the pulse wave is a
complex wave with fluid-solid coupling and longitudinal wave-transverse wave coupling, it is shown that the main part of
energy (99.99%) is carried by the transverse waves, which propagate along the solid blood-vessel so that the dissipation is low

and the efficiency is high. Moreover, it is shown that the increase of generalized wave impedance at the vascular branches may

help to counteract the attenuation and dissipation of pulse waves and increase the pulse pressure propagating into the branches,
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which may be regarded as a kind of self-regulation mechanism of human body.

Keywords: cardiac function; pump theory; wave theory; traditional Chinese medicine (TCM); pulse wave
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Fig. 1 The dependence of cardiac power on the aortic mean pressure and the cardiac output
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Fig.2 Arterial vasoconstriction compared to the accumulator effect of the air chamber of a hand pressure fire pump
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Fig. 3 The constitutive curve p-v and its relation with wave velocity ¢
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Fig. 4 Pulse wave propagation in the artery
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Fig. 6 Blood oxygen saturation varying with oxygen partial pressure and pH value!*”
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