INTERACTION AND EVOLUTION IN NATURAL
PROCESSES AND ENGELS DIALECTICS
Evariste Sanchez–Palencia
(Institut Jean Le Rond D’Alembert, Université Pierre et Marie Curie and Académie des Sciences de Paris – Section des Sciences mécaniques et Informatiques)

Introduction
The history of sciences, with its multiple theories for each kind
of phenomena (corrections, replacements of old theories by new
ones) displays the character essentially approximate of scientific
knowledge. There is no reason to think that our present vision of a
certain kind of phenomena, even proved and verified by our present
measures and observations is exact and not subject to ulterior replacement by more pertinent theories.
Experimental observation is never exact and cannot overcome
errors in the measures. Our scientific theories describe approximately general features of natural phenomena, whereas the particularities of individual facts and their intrinsic complexity are out of the
scope of science. Science deals with generalities, not with particularities, it is essentially approximate1. This property is by no means a
default, but a marvelous quality of science, which allows it to exist
and to be (approximately) true and (approximately) useful.
We presently know that orbits of planets of the solar system are
only approximately elliptic because of interactions between the Sun
and planets, even within strict Newtonian theory. But gravitation
law was discovered because (approximate) observations showed
that they were elliptic. Kepler had at his disposal only coarse observations, according to which orbits were ellipses, and Newton disco_____________
1 G. Bachelard, Essai sur la connaissance aprochée, Vrin, Paris 1927.
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vered the gravitation law on this basis, considering the simplified
model of the Sun and a planet, not the actual solar system.
Science uses in an essential way simple theories or models,
which are understandable by our minds and which allow in certain
cases to predict (approximately) natural facts. There is a science
(mathematics) which is usually considered as exact, but its exactitude is that of the artificial models, not of their adequacy to nature.
Most natural processes involve causality relationship at various
instants, and obviously causality is associated with the time arrow.
Very special (and elementary) processes only involve an instant; they
are concerned with logic (in the sense of formal or mathematical
logic). Oppositely, more complex processes involve time arrow and
are concerned with dialectics, the general framework of transformation and evolution. Moreover, most natural processes are concerned
with entities which evolve in time (the population of a region, the
concentration of a chemical product in the atmosphere…) according to interactions between them.
The theory of dynamical systems is a mathematical tool for studying such evolutions and interactions. It is determinist, and it deals
with quantities which are functions of time, the interactions at each
instant give the derivatives with respect to time of these quantities,
roughly speaking the change during an infinitesimal time after that
instant, and the solutions are functions of time obtained by integration of infinitesimal intervals of time. In general, such solutions
depend drastically on the initial conditions (the state of the system
at the origin of the process). This may seem very general and imprecise, but this theory is very powerful and fruitful.
In this paper we shall present some analogies between the principles of dialectics and main features of the theory of dynamical
systems. This way, dialectics, and very specially the principle of creative power of contradiction, may be considered as some kind of general
philosophical statement of dynamical systems theory. Moreover, a
modern issue of dynamic systems, namely s.i.c. (sensitivity to initial
conditions, associated to deterministic chaos) allows us to state, for
processes involving at least three agents, a new principle of dialectics, of erratic displacements on the attractor.
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These issues are developed in the forthcoming book2, mainly in
chapters 6 and 7. We display a short account of them in the present
paper, which is divided in two parts. The first one is devoted to a
description of some elementary facts of dynamical systems which
are relevant for our purpose. The second one is a short description
of dialectics in the light of previous considerations.

The elementary forms of dynamic interaction.
Most of natural evolution phenomena involve gradual transformations. Obviously, certain events enter in the framework of the
logic of yes or no, but even in these cases, taking in consideration
time allows a better definition of the causal chains connecting diverse events.
Complex phenomena (involving populations or numerous sets)
need causalities of statistical or probability type requiring certain
time to become effective. For example, an improvement of the food
supply of a population of animals does not imply an immediate increase of the population, but an elongation of the life expectancy,
leading to a progressive increase of the population. It should also be
noted that the life expectancy is a statistical property which only
makes sense for the whole group.
The predatory - prey system (simplified linear system).
Let us consider an island (a closed ecological system) with two
populations of mammals, the ones predators, the others preys. Our
hypothesis of departure is that both populations are stable for a
long time on the island; they are in a state of equilibrium. These
hypotheses obviously imply the presence on the island of many
other things: other food supplies, vegetation to escape to the predators and other items.
Let us now imagine that at the certain moment, we modify the
populations by an outer intervention. For example, we add a signifi_____________
2 E. Sanchez-Palencia, Promenade dialectique dans les sciences, Hermann, Paris (to
appear) 2012.
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cant number of predators or of preys. Let us construct a plausible
model of the evolution of the situation.
Let us denote by x and y the excesses of the populations of predators and preys respectively with respect to the equilibrium populations. It is clear that when x(t) is positive, it implies an increasing
mortality rate of the preys, and the opposite when x (t) is negative.
The variation of y(t) by unit of time (or rather the derivative with
respect to time) will be proportional to x(t). Denoting by y’ the derivative, we shall have y’ (t) = cx(t). The coefficient c will be supposed constant; it is essential that it is negative. Analogously, when y(t)
is positive (that is, when there is an excess of preys, the predators
are better fed; all the vital functions are improved and the mortality
rate decreases. We have x'(t) = by(t), with b positive. Finally, we have
the system of two differential equations for x(t) and y(t), (in normalizedform; coefficients where taken 1 and -1):

The solutions of this system of differential equations are easy to
find. When the values of the populations are known at the initial
time, the solution is

We then observe that the solutions are periodic in time, without
coming back to the equilibrium state.
A geometric solution of the system is easily obtained in the plane of coordinates x and y (phase plane). The system says that, at
each position (x,y), the vector (x’,y’) which gives the variation of
position by unit time (rather (x’ dt, y’ dt) in the infinitesimal time dt)
is the vector (y,-x), which is (x,y) itself turned 90°. It follows that the
trajectories of the point (x,y) are circles centered at the origin, described with velocity equal to one (because of the normalization).
The solution obviously depends on the starting point, and comes
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again to the initial position after 2π units of time, starting then
again.

The fundamental property of these solutions is the periodicity.
The reasons which lead to this (a little bit unexpected) result are:
a - The coefficients b and c are of opposite signs (there is contradiction between the interests of the predators and the preys)
b - The equations are differential. The effects do not follow immediately the
causes: the system has some kind of inertia. The fact of feeding better does
not imply an immediate increase of the population of the predators,
but an increase of their birth rate or a decrease of their mortality
rate, with ulterior consequences.
c - The periodic oscillations appear when the initial state is different
from the equilibrium position. Their amplitude depends on the initial gap with respect to the equilibrium position.
Several possible epilogues.
The obtained results are essentially true, but we should determine their domain of validity.
The total populations (not the excesses) should be positive. By
making the change X (t) = α + x(t) and Y(t) = ß + y(t), X and Y
represent the real (positive) populations.
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When the initial gap is sufficiently large there is extinction of
one of the species (that of the preys Y at point S in the example of
the next figure).

From this moment, the system of equations does not make
sense. The adventure ended by the extinction of preys, and what
takes place then is not concerned with the considered model.
The system of cooperation (symbiosis).
We can consider similar systems but with both positive coefficients. We shall call them of cooperation, or of symbiosis. We have:

with the solution:
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So, for large t, the terms with negative exponent are negligibly
small, so that the initial values intervene only by their half-sum, and
their values grow exponentially. In addition, the values of both
unknowns x and y are (asymptotically, i. e. for large t) the same, in
other words both unknowns are proportional: beyond a certain time
the cooperation works so well that both unknowns are carried away
jointly.
It is advisable at this moment to realize that it is for best or for
the worst! It depends of half–sum of the initial values. If it is negative, both excesses of population are going to grow more and more
with negative values and the populations are going to decrease
themselves more and more. If they are effectively populations, they
will arrive at the extinction. It is a little paradoxical that cooperation
can lead to the extinction! It should then be reminded that the
unknowns x(t) and y(t) are the excesses of population (or other)
with respect to the equilibrium population. Then, a deficit of help
with respect to the equilibrium leads to a progressive degradation of
the situation. This is apparent on the next figure, which is analogous
tot he previous ones, but cercles are replaced by hyperboles. When
starting from an initial position on the North-East half-plane (i. e.
when the half–sum of the initial values is positive) the representative point evolves with increasing values of x and y. Oppositely, starting from a point oft he South-West half-plane, x and y decrease.

3- Dynamical systems in dimension 2.
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A dynamical system in dimension 2 is the more general expression of the deterministic variation of a point of the plane when the
velocity of its displacement is determined at this point. This
amounts to saying that the evolution of the system described by the
two coordinates follows a prescribed law (well defined at each configuration).

The equilibrium points (analogous to the origin in the previous
examples) are points where the right hand sides vanish. In a neighborhood of such a point, the behavior is approximately described
by a linearized system where the right hand sides are linear functions.
Linear systems.
They are of the form:

We recognize the coefficients b and c accounting for interactions
between the two agents and a and d, of auto-action. The structure of
the solutions depend on the quantity (the discriminant)

The most interesting case is Δ < 0. We notice that it implies that
the coefficients b and c have opposite signs (they are of the type
predator – prey) and that the difference between a and d is not too
large. In that case, the point of coordinates x(t), y(t) turns around
the origin, but describing not circles, but spirals. When a+d >0 and
<0, the spiral is described in the dilating or shrinking senses respectively as time increases; a+d improves the amplitude of the oscillati-
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ons; when it is negative, oscillations are damped (it is said that there
is dissipation)

A non-linear system (the triode radio transmitter station)
A more complex (nonlinear) example (Van der Pol’s system),
shows how the non-linearity allows us to explain why and how an
electric current starts moving in a periodic way, with perfectly defined and stable frequency and intensity.
The van der Pol system (for electrical tension and its derivative
is

Here, f is a nonlinear bounded function equal to 2y near the origin. We see a predator-prey system with the additional terms y+f(y). The first one is the electric resistance (dissipation), which
gives contracting spirals; the second is nonlinear, near the origin, it
looks as +2y, which acts as a negative resistance, but it is ineffective
at large distances. In consequence, trajectories near the origin are
dilating spirals because of the “negative resistance”, while for large x
and y, this effect is saturated and the true resistance induces contracting spirals:
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As a consequence, a stable periodic orbit appears; there is a real
creation in the sense of obtaining something very different from the
ingredients. This new and unique thing is a periodic movement,
which cannot be described without involving time. It is something
which lives in the space-time, and no longer in the space!
And obviously, it is the contradiction between both zones, dissipative and accretive, that produces something new (in addition to the
primary “contradiction” generating oscillations).

Systems with more than two degrees of freedom.
Deterministic chaos.
We can naturally consider differential systems with n unknowns
and equations, dynamic systems in dimension n. The local qualitative properties are similar, but obviously more complicated than those of dimension 2, involving combinations of the previous ones.
The Maxwell system of electromagnetism is a linear dynamic system
in infinite dimension.
But, when considering nonlinear cases, the structure of the solutions is rather different from that of the dimension 2, for a reason
which is easy to understand: orbits cannot cut to each other, so that
in the plane, an orbit constitutes an unbridgeable barrier, whereas in
dimension three or more a curve is not a barrier. Now, the possibility of bypassing can have drastic consequences on the general scheme of the solutions and each of them.
When the number of dimensions is more than 2 the structure
oft he solutions is made of combinations of those of the structures
in dimension 2, but, there is in addition the possibility of a new type
of structure qualitatively different from the previous ones the s.i.c.
(= sensitivity to initial conditions) or d. c. (= determinist chaos).
This phenomenon requires at least dimension 3.
Everyone looked at a wooden fire. It is a beautiful and fascinating experience. A fire tongue leaps a piece of wood without burning it; it tries again and again, each tentative is slightly different of
the previous one, the process is not periodic, but nearly periodic;
after an undetermined number of “attempts”, the process changes
drastically: perhaps the piece of wood is involved by a large flame,
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perhaps it is attacked by a new sequence of small flames leaping it in
a new direction, starting a new nearly periodic process…
A wooden fire is a paradigmatic example of a deterministic process involving s. i. c. or d.c. If you prepare today a wooden fire in a
way approximately analogous to that of yesterday (same wooden
pieces, same lighting…), you shall obtain a globally analogous fire,
but each element of the process (the fire tongues that leap the wood
and the number of “attempts after which the process changes drastically) will be very different of that of yesterday. Strictly speaking,
both fires are determined by the various physical parameters involved in the problem, but a very small difference in the initial conditions yesterday and today implies in practice somewhat different processes. Nevertheless, these differences are only concerned with very
specific features of the process, which is globally analogous (a wooden fire) yesterday and today. It is said that the process evolves near
a strange attractor inside of which causality is very sensitive to small
perturbations, whereas convergence towards the attractor is more
classical (robust ist he appropriate term).
The well-known Lorenz attractor ist he most popular example
oft he corresponding description in the phase space. It lives in a
three-dimensional space, and is made of two regions nearly analogous to the stable orbit of the previous Van der Pol system, but,
they are not truly stable; from time to time, the point falls over from
one to the other, in a way which is s. i. c.

5- Dialectics.

Dialectics is the study of the general laws of the nature, a kind of
general pattern common to all the sciences. It is a vast program,
obviously unfinished and in continuous change.
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Dialectics is sometimes defined as a theory of the contradiction.
It is the shortcut, which it is advisable to clarify. Contradiction must
be understood in the sense of antagonistic trends and not logical impossibility, in an evolutionary context, not of immediate causality.
Another definition (another shortcut) consists in saying that dialectics is the general theory of the change and the evolution. This definition has the advantage of showing its immense program, which
leads to kinds of reasoning where the law of excluded middle is
clearly ineffective, completely different from those of the formal
logic. Nevertheless, dialectics contains locally formal logic. Formal
logic is a logic of the verb to be, who excludes from its domain verbs
such as to become, to evolve, which are hardly consistent with the law of
excluded middle; the domain of dialectics is precisely the domain of
these verbs, which naturally involves time.
Dialectics contains the formal logic, as sentences on to evolve can
contain the verb to be. The thinking of the formal logic is a thinking
of the instant-ness, which is sometimes (and wrongly) considered as
a thiinking of the timeless-ness, so engendering an ontological idealism, whereas the limitation of the program becomes an inhibitive
and castrating agent.
This distinction is very important. The instant-ness is a section
of the space – time by t = cte. This section can contain whole elements and causality relations between them, but in most cases, it is
not complete, in the sense that the causal coherence of the other
elements asks for a past furnishing causes and a future carrying
consequences. The timeless-ness denies the need of these
complements, considering logic as autonomous and complete,
plunging it into an unreal atmosphere, protected by the limitations
that itself prescribes.
One of the key elements of the dialectical thought consists in
considering processes where the effects do not follow immediately
the causes: the causality is postponed or cumulative, there is a kind
of inertia. It is one of the properties that we pointed out in our first
example of the predator-prey system. This point is fundamental,
because it contains the key of the compatibility of dialectics with the
formal logic.
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The principles of dialectics
According to F. Engels3 the elementary trends of dialectics are:
1 - Movement and transformation.
2 - The mutual interaction (or interdependence, also said dialectical
unity)
3 - The contradiction is a creative power.
4 - The passage from the quantitative to the qualitative (jumps and
breaks).
5 - La negation of the negation: thesis, antithesis and synthesis (or
principle of the spiral-shaped development).
The evolution of our scientific knowledge leads to a continuous
revision of the contents of these principles. So we shall be brought
to state later, for phenomena involving the evolution of at least
three agents, a new principle, of erratic displacements on the attractor.
1. Movement and transformation.
led.

This principle is rather a program of the phenomena to be hand2. Mutual action (Or interdependence, also said dialectical unity).

Often the phenomena with known causality, involve two (or
more) different entities, the fate of which is linked in the sense that
their evolution is understandable as a whole, while taking in consideration only one of them would make the causality incomprehensible. We say that they interact.
In the simplest cases where the states of both entities can be
described by two numbers and where the “laws” of their evolution
are determinist, we are naturally driven to dynamic systems in dimension 2. Their fundamental forms are the predatory-prey system
and the symbiosis system.
The key point is that the causality of the phenomenon in question can only be described within the framework of the interaction.
Besides, the deletion of one of the parts leads to a complete modi_____________
3 Anti-Düring, many editions, 1878. G. Politzer, Principes élémentaires de philosophie, many editions, in particular Editions Sociales, Paris, 1936.
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fication of the evolution of the other; unity must be understood in
the sense of inseparableness. Here is a quotation of Marx in Poverty of
the philosophy: «what constitutes the dialectical movement is the coexistence of two contradictory elements, their fight and their fusion
in a new category. By suppressing the bad element we suppress the
dialectical movement».
As an example, we may think about the electromagnetic waves
(Maxwell's system is a system predator/prey in infinite dimension),
where both facets, electric and magnetic, are essential.

The contradiction is a creative power
The given examples show that the phenomena of the type symbiosis are rather quantitative, whereas those of oscillations, are rather
qualitative; something new (not only of more or less) arises from the predator-prey relation. The above mentioned triode radio transmitter
station constitutes an excellent example of the the creative power of
the contradiction.
A number of biological phenomena, in particular neuronal activity, are concerned with the same type of plan. I quote for example
Levin and Lewontin: «It is recognized that the nervous impulses
operate by excitement or inhibition of the firing of the other nerves
so that the state of the system depends on a network of stimuli, and
this network can engender a spontaneous activity».
The next example is staken from N. Le Douarin4: Prokaryotes
cells (without nucleus) appeared about 3800 million years ago. They
are present even nowadays, in particular bacteria; they reproduce in
an asexual way, and accordingly they are very stable and changed
very little. Eucaryote cells (with nuceus) reproduce in a sexual way,
which confers them formidable potentialities of variability and diversification. They appeared nearly 1800 million years ago. There
are strong assumptions (derived of the study of the properties of
their DNA) that they derive from prokaryotes ones by a rather remarkable mechanism: two cells without nucleus, of different nature
would have interpenetrated by phagocytosis. Plainly speaking one
_____________
4 N. Le Douarin, Les cellules souches, porteuses d’immortalité, Odile Jacob, Paris.
2007
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would have eaten the other one, but this last would not have succumbed, managing to survive and to reproduce inside the cytoplasm
of the first one and its descendants. The new so formed structure
(the cell with nucleus) having greater potentialities, would so have
survived and proliferated. This process is clearly in the framework
of the principle of creative power of contradiction.

The passage of the quantitative to the qualitative (jumps
and breaks).
Scientific laws described by the passage from the quantitative to
the qualitative are well known and often encountered. In a more
general framework such kind of phenomena are allegorically described by the beautiful picture Air and sea by Escher, where small modifications of a drawing link two extremes which are clearly birds
and fishes.
Let us now present another example not of the science, but of
the history of science, appropriate to bring to light the manifest
contrast between the historic events and the glance that we carry on
them today. We reconstruct the past, we do not navigate over the
time.
It is usually recognized that first photographies were done by
Joseph Niepce in 1826/27. His procedure was of very poor quality
and required approximately 8 hours of time exposure. Daguerre, in
1843 invents a new procedure, the daguerreotype, using a fixation by
vapors of mercury and a solution of common salt, which reduces
the time of exposure to 10 or 20 minutes. We are far from what we
find nowadays in the photography department of a store. In fact,
for you, what is the photography?
A camera is doubtless for you a technical mean tof fixing images
taken on the native. A machine which serves to fix for the posterity
the reality of moment. Unlike a drawing or a picture, which can
have a sure suggestive and artistic value but which are, at least partially, produced by the imagination of the artist, the photography
testify the reality such as it is; it is an indisputable historic document.
Yes, but that is our vision of men of the 21th century. In Daguerre’s time it was exactly the opposite.
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Five years after Daguerre’s invention took place the revolution
of 1848. Obviously there are no photos of the revolutions of 1789
nor 1830, but there are daguerreotypes of that of the 1848! Here is
which may show us the events of 1848 as something more tangible
that the history of books!
Alas! It is nothing! Here is the barricade of the street Saint-Maur
on June 25th, 1848, daguerreotype preserved at the Musée d'Orsay
in Paris.

Instead of the expected limited but alive view of this historic
fight, we perceive vaguely a little shaded off outlines; we manage to
distinguish buildings but most interesting would be to see the fight,
the living men who impressed the vapors of mercury and the solution of common salt! But in fact, there are no human figures, it looks
like the barricade was left! Then, we understand: the daguerreotype
required at least 10 minutes exposure! It is doubtless likely that the
revolutionists refused to pose for the posterity during 10 minutes
under the fire, but, even if they had made it, it would have lacked
naturalness, it would not have been a testimony of the real fight.
There were probably figures in movement, but they were not recorded by the daguerreotype!
Finally the photo proves nothing. If what we want is a testimony, best thing is to refer to a picture, for instance, Barricade of the
Soufflot street, of Horace Vernet, the same day, June 25th, 1848,
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also preserved to the Musée d'Orsay. We have to trust the objectivity of the artist.

The reversal picture/photo concerning the role testimony of a moment is a phenomenon which took place gradually along the 20th
century, thanks to the decrease of the exposure time and the arising
of the instantaneous photo (passage from the quantitative to the qualitative).

The negation of the negation: thesis, antithesis and
synthesis (or principle of the spiral-shaped development).
We saw (linear dynamical systems) that in general, the cycles
generated by a contradiction do not return to the initial position,
but to the new position, which looks like the initial in the fact that it
is of the same side of the quilibrium position, but which differs
from it substantially. The qualitative expression of this principle in
the usual language of dialectics is: assertion (= thesis), followed by
the negation (= antithesis), followed by the negation of the negation
=(synthesis). The statement of this causal sequence shows obviously
that we are not in a formal logic ruled by the law of excluded middle, because negation of negation does not vanish.
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Dialectics of the nonlinear systems in dimension more or equal
to three. The principle of the erratic behavior on the attractor.
According to our analogy between dynamical systems and dialectics, we may state a new principle of dialectics:
In complex evolution processes (nonlinear systems described by
three or more parameters) besides the combinations of behaviors
described by the principles of dialectics, it may happen (and it is
often the case) that the ultimate evolution of the system is unpredictable from the (approached) knowledge of the initial (or present)
state. Of this ultimate evolution we generally only know that it consists of an erratic movement of the representative point near a region (the attractor) of very complex structure itself generally
unknown; this movement is often made of diverse vaguely periodic
elements, the erratic character consisting of the upset, at practically
unpredictable moments, between these elements.

Causality and time arrow in the noosphere. The self-realizing
prophecy and the reasoning of Lady Macbeth.
The principles of dialectics, including the new principle of the
erratic movements on the attractor, derive in a natural way from the
theory of the dynamic systems. It means that the fundamental paradigm is that of a fixed law assigning to every possible configuration
of the system the speed of its evolution. It is clear that this plan
corresponds roughly speaking to the physical causality. It is obvious
that it involves efficient causes and not final causes.
The construction of mental models by the neural systems of
man and certain animals introduces devious ways of the causality, or
apparent retroactions of the time arrow. When mental activities are
involved, the incredible complexity of the present appears as a final
cause. Namely, during an explicit and conscious volitional act, our
choice is not conditioned by future, but by the present state of the
mental models which we have built of the future or of the possible
futures. It creates the illusion of a final cause.
We could mention infinitely many remarkable phenomena illustrating these fascinating topics. I shall limit to mention two:
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The self-realizing prophecy.
It is a type of phenomena with the elementary plan: X asserts
that the shares of the company Y are going to rise. People buy them
and the law of supply and demand makes that the shares of the
company Y effectively raise. The key point of this phenomenon is
clearly the credibility of X.
The reasoning of Lady Macbeth.
This is concerned with phenomena the plan of which is: X makes two prophecies to Y (Macbeth), who does not believe them.
The first one accomplishes and X becomes credible. Macbeth then
believes that the second prophecy is also true: Macbeth shall become king of Scotland. He writes a letter to his wife informing her of
these facts, without specifying the interpretation which he makes.
Macbeth and Lady Macbeth are both drunk of power, but they
build two different mental models of the future. Macbeth thinks: as
such is the future, let us let the fate become true. Lady Macbeth
thinks: as such is the future, let it become true as quickly as possible:
let us take advantage of the presence of the king this evening in our
castle to kill him. They discuss and Lady Macbeth convinces her
husband, who kills king Duncan.
In a more general context, if someone of credible makes an assertion (such as “Macbeth will become king of Scotland”), even in
a casual way, to have fun, it may happen that he is seriously listen by
a Lady Macbeth who constructs a mental model which, by her willing, will become the reality.
Another interesting linked question is the following one: If for
some reason we are sure that a certain event will happen, are we
responsible of the decisions which will lead to its fulfillment? In my
opinion this question is not explicitly handled in Macbeth, but
Shakespeare seems to give an answer: Lady Macbeth's mental model
did certainly not plan that she would become a maniac of washing
hands, without ever succeeding to erasing a small spot, nor that she
would die taken by madness.
At the time when she constructed her mental model, she
thought of irresponsibility (or she minimized the question, obsessed
by power); later on she was haunted by the responsibility. It seems

48

Evariste Sanchez-Palencia

to me that this question is very important, and that Shakespeare’s
answer does not resolve it. It is at the origin of the dialectics conformity/useless heroism.

