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Paul Davies article in Phys. Today (Aug. 2020)
addresses importance of possible contribution of
physicist/information scientist to biological system. As I
mentioned in my earlier letter to Phys. Today in response
to the article by Simon Sponberg’s article (Physics Today,
September 2017, page 34) a human brain has energy
efficiency of some six orders of magnitude better than a
supercomputer. The article by Davies addresses again
the importance of information theory in biological
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systems. As pointed out by Schrodinger, biological
system eats negentropy (not much energy) from food
creating a system that has entropy tremendously less
than physical or thermodynamical systems. Let me quan-
tify this statement here. As shown by Shannon, the
entropy in information theory is related to thermody-
namical system through kbNInp, where kb (=1.38x10" —
23 ] /deg) is the Boltzmann constant and p is the probabil-
ity of the state and N is the number degree of freedom.
Note that if one uses the information carried by individual
molecule in one molecular weight, the Avogadro constant,
6x10723 balances with the Boltzmann constant and leads
to order unity in the coefficient, kbN. The Maxwell demon
idea quoted in the article by Davies thus gives quantita-
tive justification of equivalence of thermodynamical
entropy and information entropy. The fact that a biologi-
calsystem has huge negentropy can be explained simply
by the difference of N. If a DNA acts as one unit of degree
of freedom, as it should, the entropy of a human body is
about 12 oder of magnitude smaller than that of a system
having [ree molecules under the same temperature in
equilibrium, since the molecular weight of a DNA is
approximately a trillion times of say a water molecule.
That is to say, a human cells are well-ordered than a
thermodynamically equilibrium system by a huge factor
(10712). This factor of one trillion allows human system to
work with thermal efficiency by a huge factor better than
a supercomputer as is demonstrated in energy efficiency
of about six orders of magnitude difference in the chess
game between a person and supercomputer. Note further
that a human brain has a weight of some a million times
less than a super computer, thus efficiency per weight of
human brain can be one trillion times better and agrees
with the amount of negentropy of human cell system.
Since the molecular weight of human DNA is not much
different from those in other living cells, similar argument
applies to most living systems. Most other animals do not
play chess but the amount of information processed
gained in visual and other sensory systems of other
animals can be of similar magnitude of human brain. To
extend further these arguments, I would say that the life
is a process of maintaining the huge negentropy system
within. Cell division (reconstruction of a cell) and action of
autophagy in a cell are just some examples of built-in
system to keep the negentropy of a cell. Similarly disease
and death arise in the gradual and sudden increase of
entropy within. or loss of negentropy.
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