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Professor Velsrde's contribution covers broadly @ variety of
topics concerned with biolocical and inanimate matter evolution and
-definitions of terms used to Cescribe transitions to far from equi-
librium states. His central contribution is a brief description of
Benard convection and turbulence. Finally, he offers some reflections

on the relationship of cheotic evolution with Economics and Sociology.

My task is thzt of reviewing the essentials of these tuo phe-

nomena with the purpose of emphasizing certain thermodynamic aspects.

I agree with Professor Velarde's statements in his introduc-
tion when he emphasizes the fzct that the great progresses zchieved
in the fields of statistical meéhanics, non-equilibrium thermodyna-
mics and the theoreticsl and experimental studies of non-equilibrium
Cooperative synergetic phenomena have led to new unifying concepts
and models to clarify certsin problems of self-organization and evo-

lution through fluctuations and instasbilities.

The instabilities in asmsady - states are fine ilustrations
of processes of spontzneous self-organization. Reference is made to
the Benard Instability which is originated by the vertical tempera-
ture gradient which iz set up through 2 horizontsl liguid layer heated
from the bottom. The becundery conditions developed in the system be-
Cause of the difference in tercsrzture between the bottom and top of
the leyer originates an energy flux which moves from the bottom to
the top. As soon as the gredient reaches a threshold value defined
by the distance from equilibrium, the stationary state in which ener-
8Y is conveyed by corduction glone, without any convection, becomes
unstatle, thus the system evolves to steedy cellular convection of
ensertles of molz2cules, thus increzsing the rate of energy transfer.

This rew stste constitutes a dissipative structure,to the extent that
it is maintained as long as the energy flux is steady.

The existence of the terperature gradient is not sufficient
to ensure the cnset of convecticn flow. For convection to take place,
whizh 1S due to gravity
the buayancwﬁoriglnated by this grzdient must exceed the dissipative
effects of viscous drzg and heet diffusion. This transition takes

place when the Rayleigh nurber exceeds a certain critical value.
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This number is 8 dimensionless ratio of the buoyant force divided
by the product of the viscous drag and the rate of heat diffusion,

The Benard convection is due undoubtedly to & phase trangi-
tion fer from thermodynamic equilibrium. The convection motion con
sists of a complex spatial organization of the system with an increase
in entropy production. Exceedingly large numbers of molecules move

coherently forming hexagonal convection cells of characteristic size.

One should notice that in the linear region, 8 system tends
towards 8 _Bteady _ state characterized by minimum.entrepy produc-
tion. But in this case of 3 system far from equilibrium in which
the fluxes are no longer linear functions of the forces, the system
ewolves towerds & steady state which cannot be characterized in
terms of the entropy production which is proper of near-equilibrium
states,

The transition from disorder to order, that is, from a state
of high entropy content towerds one of low entropy content does not
contradict the Second Law because the.incnm1ng energy U1 is accompa-
nied by the low entropy 51 whereas the outgoing energy U2 which is
usudlly egual to Ul' is accompanied by a very high entrepy 52. The
important conclusion is that the total entropy of tth-ysten and the
energy flow can increase due to the increased entropy contained in
the energy while at the same time, the entropy of the system can de-
crease due to the spontaneocus creation of order within the system.

This appears to be a characteristic of dissipative processes.

One aspect that appears to be interesting is the effect of
the gravitational field on the transition from the chaotic structure
towards the dissipztive structures (the Benard cells). The instsbili-
ty of a PBenard cell is the raising of the center of gravity as the
result of thermsl dilestion, Thus, it is clear that gravitation plays
an important function which leads to a new structure in spite of the
fact thet the Benard cells have & thickness of only a few millimeters,
The effect of the gravitestional force is negligible at equilibrium,
but the far from equilibrium situstion crested by the gradient of tem
perature induces macroscopic effects which are discernible in the thin
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liquid layer. Thus, it is evident that the far from equilibrium
situation magnifies the effect of gravitation on the Benard pheno-
-menon,

The other case cited by Frofessor Velarde of & system driven
sway far from eguilibrium is turbulence, which was identified before
@s 8 case of disorder. MNowadays it is known a@s being due to a chao-
tic situation on the macroscopic scale, but highly organized on the
microscopic scale., If the multiple space and time scales involved
in turbulence correspond to a coherent behaviour of many millions of
molecules, it does not mske sense to speak of @ deterministic chaos,
but rather of deterministic consequences of the complexities of the

phenomena involved.

One should recocnize that the transition of laminar flow to
turbulent flow is a8 process of self—organizatinn.. In this transition,
part of the energy of the system which is included in the thermal mo-
tion of the molecules while they flow laminarly is transferred to ma-

collective
croscopic organizeq«motion.

It is interesting to realize that the resistance which solid
objects encounter when they are dragged or driven through any fluid
(liquid or gas) &t discernible velocity is proportional not to the
first power but approximetely to the square of the velocity. Thus,
the law of viscous friction which is valid at low velocities with
laminar flow does not &t all apply to turbulent flow.

Osborne Reynolds discovered that the change from the first
power law which is cherecteristic of laminar flow to the second power
law which is chzracteristic of turbulent flow is not gradual but as-
tonishingly suocen. He also found that this transition takes place
in any fluid and for any given apparatus always at the same critical
velocity. This transition from laminar to turbulent flow tekes place
at a sufficiently lerge distance from equilibrium, The threshold is
measured by 8 certein value of the dimensionless Reynolds number

(R = 2(v/qfozrt).
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I find it interesting top recognize the philosophi-
cal guestions raised by Frofessor Velarde. He mentions that al-
though the lsws of a system may be purely deterministic, there is
no possibility of predictability in the sense of Newtan's paradigm,
Then, he states thst this lack of Predictability of the future of
the system is well-knouwn by our meteorologists, This is confusing,
for when 8 system is subject to ceterministic laws it means that
there is an inveriant relationship between Cause and effect in the
primitive sense and in more &advanced thoughta timeless relation
e@mang varisbles applicable at any time with equal validity., The
poor meteorologist cannot pPredict the climate of tomorrow with the
greatest certainty for he does not vet know sufficiently abput the
variables that define weather,

Concerning chemical reactions a few reflexions are in order.
It is known that a chemical reaction to an open system is subject to
both external and internal variables. The external variables such
as temperature and pressure determine the frequency of collision of
the molecules in order for them to react through breaking and forming
chemical bonds to originate intermediate Structures and a final chemical
compound. The internal parameter cannot operate independently of the
external variables to determine the configurational behavior of the
reacting system, thus recorded by the appropriate entropy variation.

A chemical reaction leads to entropy production contrary to
the deterministic view and method of stating that if we know the
initial concentrations, one should know at anytime how this parameter
changes. This is particularly useful insofar as the system is at,
or close to equilibrium. But when the reacting system is far from
equilibrium, the deterministic description breaks down.

The conversion from a Ssystem in equilibrium or close to it
to a far from equilibrium state takes place when the system surpasses a
bifurcation point whereby the system is subject to a stochastic pProcess.
How the molecules decide to follow one path or the other is not known.
What determines the path for them to follow remains to be established ?
for I believe that everything in existence is subject to nomological
behavior. It appears to be a very significant contribution Prigogine's

discovery that randomness is a condition to ordering.
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We would want to know what is the relationship between the
macroscopic levels and microscopic configurations insofar as they
define a dissipative structure. How do the fluctuations operate to
determine the final outcome of a chemical reaction?

To talk about reaction probabilities is proper in the sense
of how the reactants act to give this or that compound, depending upon
the external and internal variables, including the catayst. To
suggest, as Prigogine does, that one should B41d a statistical theory
involving a distribution of reaction probabilities is a challenging

proposition, once, it is not known yet what exactly determines the

selectivity of a catalyst. To date, it is not even known what is the
relationship between selectivity and reactivity of a catalyst.

The postnewtonian paradigm formulated by Prigogine of a
world of atoms and molecules operating in an open system characterized
by the free exchange of matter and energy where change and disorder
are the determining factors aad—%ha{ order, stability and equilibrium ¢»h«uk
magh&-be—the outcome of a critical conversion signaled by bifurcation
points is the medular material of a new epistemology.

To this moment, there is no hope that we shall know which
is the finality of a system—-for it might be that in a state of far
from equilibrium, it might disintegrate, continue its path towards
a new bifurcation point, or it might instead progress to a higher
level of order. And all these, it is said that proceed spontaneously
from disorder and chaos to highly ordered structures through a
process of self-organization.

It would appear that we are back to Democrito as far as we
accept the doctrine of change, to Aristotles as long as we adhere
to a fundamental teleology,and to a doctrine of organismic anologies
when it is suggested that the behavior of human society is an analogue
of the behavior of atoms and molecules. Thus, so is the brave new

world of science and philosophy!
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