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Chapter Synopses of: Three Copernican Revolutions

by Zev Bechler

1. The first Copernican Revolution: The potentialistic program

1.1. Harmony and Informativity

What will be: Here we shall meet some of the concepts that will accompany us all the time - information and emptiness, harmony and paradox. We shall not meet any definitions because I do not believe in definitions. Instead I will bring some central historical examples - Zeno and Aristotle and Plato. The story will be, therefore, somewhat bumpy. Mainly it will tell how the scientific revolution that began with Copernicus concentrated around the demand of information about the unobservable reality, the reality beyond or beneath the phenomena. The typical sign of such information is the eternal doubt in its truth, and the typical evidence for its truth is the harmony that supervenes upon it. The most important innovation of the scientific revolution was the discovery of the link between informativity, paradoxality, and harmony. As a result a new concept of certainty was created that will dominate the 17th century - human or moral certainty.

What we saw: Descartes, the legendary rationalist of  standard history,  was the philosopher who first introduced the essential and all-encompassing irrationalism of our world, and became therefore the most important spokesman for the essence of the scientific revolution in the 17th century. And this essence can now be summed up thus: the physical links that create the world are informative links, i.e., necessary connections between things which are absolutely alien to each other. Consequently explaining the world must be an informative explanation, i.e., an explanation which links things alien to each other by necessary connections. In what follows I’ll call this principle “the thesis of informativity”; the world which embodies this informative connection I’ll call “an informative world”; and the philosophy of nature as well as the philosophy of science which are built on this thesis I’ll call “informationist philosophies”; and finally, the ideology which encompasses all of these I’ll call “informationism”.


Using these terms, the story I tell is that the scientific revolution in the 17th century, was the revolt of the informationist ideology against the anti-informationist ideologies of nature and science that ruled until then. The new science that was created during this revolt and which received its final formulation at the end of the century by Newton was informative in its essence, and the world it described became in the hands of Newton an informative world.

1.2. Galileo on miracle and wonder
What will be: We shall see how Galileo attributed paradoxality to the essence of the new science he created. Accordingly, this will be his new stand about the actuality of the small infinite, the nature of continuity, the reality of velocities at a time-point, and mainly - the crucial function of components in the new explanation that he created. Informationism now took on a concrete form in the physical thesis about the reality of forces as moving causes of every motion in the world - even though forces are not themselves motions - and about the exact mathematicity of the world.

What we saw:  Galileo’s thesis of the mathematicality of nature was the final conclusion of his informationism because, according to it, nature is composed of real but unobservable components, like the point-atoms which compose matter, the components of motion and velocity, instantaneous velocities and forces. All of these are mathematical objects, but they are also physical objects whose reality is primary to the phenomena because they are the causes and informative explanations of the phenomena.

1.3. The bankruptcy of imagination - Newton finalizes an issue
What will be: in the following story about Newton we shall meet two new concepts: actualism versus potentialism. These will illustrate what we met in connection with informativity and informationism. And within this framework we shall analyze the significance of the new physics and mathematics which Newton constructed. At the centre of the picture will be the laws of motion and the new entities which Newton introduced for the informative explanation of Copernican astronomy: absolute space and time, various forces and their transformations into each other, instantaneous velocities as well as accelerations, and laws of nature. The essence of the first revolution appears here as the thesis that all these entities, which were considered to be unreal because merely potential in the Aristotelian tradition, are now absolutely real although they can never be observed in principle. In order to allot reality to these potential entities it was necessary to introduce them as separate - sometimes from thought, and sometimes from reference-systems, and sometimes from matter. The thesis of the reality of these potential entities is the basis on which Newton built the new mathematics - the differential and integral calculus.
2. The second Copernican revolution : the actualistic program

2.1. The seeds: Berkeley attacks Newtonian skepticism
      What will be: Kant claimed an analogy between the Copernican revolution and his own revolution concerning the nature of experience, science and the world, and therefore it was only natural to call it the second Copernican revolution. It was the high point of a century-prolonged criticism and attack on Newton’s physics, whose creators were George Berkeley and David Hume. In essence, this criticism was no more than the wakening of actualism and the emergence of its conclusion, which got completely clarified only by Kant. This conclusion was that there is only one way to understand the huge success of  Newtonian physics, i.e., it was a proof of its informative emptiness.  Sliding down the slope has started.

What we saw: Berkeley’s critique was based on the anti-Newtonian principle that meaning be attributed only to what can be drawn in our imagination, and that reality is possessed only by what we can perceive in our senses .  The creatures of imagination and perceptions of senses he called “ideas” and so his result was that only ideas in our minds are real (and so are other souls as well as God though they are not ideas). This was the “idealism” which Berkeley constructed, and from it he proceeded to exhibit internal contradictions in Newton’s physics and mathematics. Instead of absolute space and time he argued that only relative space and time are real, i.e., those we actually perceive by our senses. Thus he planted the seeds of the future theory of relativity. In his critique of Newton’s mathematics he showed not only the contradictions in its basic concepts but also how to rebuild it without the concept of actual infinity. Thus he planted the seeds of modern actualistic mathematics.

2.2. Hume and his reality principle
What will be: Now we’ll meet the theory that woke up Kant form his dogmatic slumber. In its center stands a principle of reality that says that only what has meaning is real, and that only what can be reduced to “ideas” is meaningful. Hume employed this principle to refute the reality of causal necessity, of substance as a separate carrier of qualities and properties, and of the soul. His conclusion was that these are fictions we invent in order to construct for ourselves a coherent but fictitious world out of the confused perceptions that we receive. Therefore in the world which is separate from us there are no causal connections, no laws of nature and no necessity in the principles of mathematics. Only perceptions possess reality. This is actualism at its peak of purity, and it will never let go of the modern mind. Under its direct influence Kant will create his Copernican revolution and, 100 years later, Einstein will create his theory of relativity.

2.3. The disaster : Kant wakes

What will be: After Newtonian physics and mathematics were hit hard by Berkeley and Hume, saving their  certainty became the ultimate aim of Kant. Such saving is possible, so he concluded from Hume’s thesis, only on the condition that mathematics and physics are devoid of information about the world. Kant adopted  this conclusion and showed how pure mathematics and physics are indeed empty. He argued that they are principles by which we construct or synthesize experience and the phenomena. Since these are no more than principles of the synthesis, it followed that they are apriori, that is, prior to experience and to the phenomena. “Prior” meant being the conditions of the possibility, and so being independent of,experience and the phenomena. And this meant-- originating only in our subjectivity. That is, the laws of  mathematics and physics reflect strictly the structure of our perceptual and intellectual faculties, and this is the reason for their informative emptiness about the separate world. Kant expressed this by claiming that they are “mere form”, i.e., they are contentless.

What we saw: Kant’s “dogmatic slumber” was his belief that the laws of nature exist separately from human thought and that they act in a space and time which are separate from human senses. He woke up from this slumber by Hume’s attack on the idea of the separate existence of causality, i.e., laws of nature. Kant’s so called “Copernican Revolution” was the opposite theory, i.e.,claiming that  nature has no reality separate from human understanding and sensibility, that only these construct or synthesize nature along with all its laws and objects. Consequently the concept of truth lost its standard (“dogmatic”) meaning as a fit between propositions and some separate state of things. Instead, Kant  introduced coherence as the only criterion of truth and also as the full meaning of the truth. This second revolution was therefore the polar opposite of the first revolution, even though the Kantian coherence criterion was the direct heir of Copernicus’ harmony.

3. The third Copernican Revolution: Sliding into Emptiness
3.1. Geometry as a hypothesis: Bernhard Riemann
What will be: The first scientific reaction to Kant was Riemann’s discovery that geometry as a science of our actual space is based on a set of hypotheses about the principles of measurement. Because of the continuous nature of space, there is no unit of  measurement that is natural and essential to it, and therefore all these fundamental hypotheses are non-testable - they are the new synthetic apriori which lies at the base of all  geometries that are possible as experience. In this interpretation Riemann’s discovery became the beginning of the modern formulation of Kant.

What we saw: In consequence of Riemann’s paper the real core of Kant’s philosophy of science became demarcated from its peripheral parts. The core was conserved until this day, whereas the peripherals were discarded right after Riemann. Whereas Kant kept the naturalism he inherited (while protesting and denying) from Berkeley and Hume, Riemann was the first to discard  all remains of naturalism from the structure of mathematics. Kant explained the Euclidean nature of space by our nature (i.e., our intuition and understanding). Riemann explained them by our arbitrary choice, and thus he rejected once and for all Kant’s “intuition” and therefore the natural status of Euclidean geometry as considerations in its favour.


Logical arbitrariness will start from this moment to replace  everything that Kant attributed to our nature, and at the end of the process (with Einstein 1916 and Bohr in 1927) all science of nature and with it all our world will become the product of arbitrariness. From Riemann on, the question - what is the truth about space, time, matter, motion and so on - loses its meaning because it will be impossible now to say even that truth is such and such only relatively to human nature, as Kant could still declare.

3.2. From Flatland to Nonsense: Hermann Helmholtz
What will be: The special way in which the 19th century worked out this double and contradictory message into a coherent whole conception, determined the confused and contradictory character of the philosophy of science in the 20th century. Starting with Ernst Mach, through Hilbert, Poincare and Russell, and ending with Einstein’s theories of relativity and their the logical positivist interpretations in the twenties of the new century, we shall constantly meet this double message :Science is a synthesis (and therefore also apriori) but it is purely empirical as well. No one will dare anymore to return to the Kantian purity, but no one will risk either going back to the Newtonian purity. And worst of all, no one will dare turn the attention of his audience to what everyone knows all too well - that such a double message is the suicide of thought.

 Even though Helmholtz intended to refute the Kantian aprioricity and necessity of geometry, he proved the contrary: the geometry which we attribute to our space cannot possibly be the result of empirical measurements but is determined by our decisions about the  rigid bodies that are to serve as measurement standards. It was he who also introduced the spectacles-metaphor for the apriori and the distorted-mirror metaphor as an argument for the equivalence of all geometries. The essence of his argument was his claim of circularity of any attempt to determine the geometry of space by empirical observations.

What  we saw: Helmholtz’s arguments for the empiricity of geometry turned Kant’s apriori perception (“intuition”) into “as-if perceptions” only, and  thus supported the Kantian  program as a logical thesis and not as a psychological or physiological one.  Helmholtz’s argument became, along with Riemann’s discovery, the initiation of the new, logical interpretation to Kant, which eventually became known as the neo-Kantian interpretation. And so by refuting the informationist reading of Kant’s philosophy, Helmholtz prepared the ground for a logical reading of this philosophy.

3.3. The bottom line of Kantian Actualism: Ernst Mach.

What will be: We shall see now Mach’s actualism in its critical action against Newton’s “abstractions” i.e. against the separate reality of space, time, forces and the laws of nature. In the end this became  a return beyond  Kant to Berkeley . The external world does not exist , and what  exists is only the most actual entities for us – our impressions and perceptions. From these we construct the whole world and therefore physics is one great fiction. We shall see actualistic logic in action in Mach’s  attempt to refute  Newton’s Bucket argument. The  main significance of this attempt was that through it actualistic logic was transferred to Einstein. At its center stood the concept of “determination” which is a logical connection transformed into causality. “Mach’s principle” is implicit in this logic, and it drags along a cosmic coherence principle, which eventually will become the center piece of the logic of quantum theory.

3.4. A conventionalist against conventionalism: Henry Poincar(
What will be: The bugs, carried in the modern formulation of the Kantian thesis as we have seen them in Riemann, Helmholtz and Mach, came to full flourish when Poincar( presented the conventionalistic thesis at the end of the 18th century. We shall see how he argued that pure geometry is merely a bunch of definitions and their consequences, and how these are chosen in a logically arbitrary manner. But, he went on, even physical geometry is logically arbitrary, and so too is physics. This pair dictates to the world  both its form and its content, and therefore not only the form but also the content are now synthetic apriori. The linguistic turn implicit in Kant, now  emerged as a  main thesis claiming that all scientific theories  are merely so many different languages .Even  the  content of theory  is empty of information about the world.Consequently, all the observationally true theories are equally true, because the world in itself is both formless and contentless. This chapter is a little bit long because I regard Poincar(, along with Hilbert, as the scientists who determined the shape of the actualism and anti-informationism of the 20th century.

3.5. The axiomatic thesis: David Hilbert
What will be: And now we shall see how the actualistic passion for certainty in mathematics brought about not only the rejection of  the Kantian intuition, but also the discovery of the empty language, the calculus lacking interpretation, as the modern substitute of the synthetic apriori. Content having disappeared along with intuition, what remained now was only the form, and so we are back at the Kantian thesis about the mere formality of mathematics. Now, however, the emphasis will be on the fact that this pure form is not just arbitrary, as Kant already argued, but rather lacks also any content predetermined. As a consequence of this emptiness, Hilbert explained, the axioms define their own terms by themselves and therefore they are necessarily true. It is obvious too that this truth is merely inner coherence, and so it followed for Hilbert that coherence is the criterion of both truth and existence and is the only one allowable in mathematics. We shall see now also how Hilbert suggested to base arithmetic on direct sense perception and how he followed in this Kant’s model. His struggle will be now with the concept of infinity in arithmetic , which he hoped to eliminate by constructing logic and arithmetic as structures which lacks denotation, meaning, and information, which he called  “ideal structures”. This program, and with it the complete actualistic thesis, as Kant established it, was refuted when G(del discovered in 1931 his incompleteness theorems.

3.6. From Kant to Kant: Bertrand Russell

What will be: Russell opened with a revolt against the idealism of both Kant and the English Hegelians .His attack focused on the Kantian philosophy of mathematics, and especially on the thesis that perception is necessary to mathematics. In his great work, the Principia Mathematica, he tried to show in detail how to derive all mathematical theorems from the principles of logic alone. But the discovery of contradiction in the concept of set caused Russell to construct a theory of  fictions according to which all that is not given to us in direct sensible perception is a mere logical construct and not a real object. This theory of construction took him back to Kant, mainly after he extended it also to physics. Here he hoped to overcome the problem of the thing-in-itself by the concept of structure. But it turned out, sadly for him, that according to his own view mathematical structure is a trivial concept , too meager to bear such a burden. That was the end of his attempt to rebel against his Kantian  heritage or, rather , spectacles. He too yielded to the  general fate of his times.

3.7. Keeping up form: Albert Einstein
What will be: We shall see now how Einstein constructed his special theory of relativity on the principles of actualism, on definitions and postulates which construct new objects such as velocities, laws of nature, time, space. This will be presented as the product of the new revolution - the linguistic revolution. The Kantian thesis , that the nature we meet in experience is the product of the synthesis of human understanding , became with Einstein the thesis that nature is relative to the concepts of science as we define them. Einstein’s actualism was expressed also in his assumption that electromagnetic forces lack reality separate from the reference-system. And, similarly, the non-separation of gravitational force was, following that, the central assumption of the general theory of relativity. Einstein interpreted the principle of general relativity , saying that the laws of nature conserve their form in every reference-system, in terms of the non-separation of  both gravitation and the geometry of spacetime from the reference-system. When it became clear that the general relativity principle is nothing more than a mathematical trick and does not reflect at all even the relativity of spacetime, Einstein gave up its previous formulation, and finished with a much more extreme one. According to this last version, separate physical reality belongs only to the “intersection points” (the meeting points of material particles with each other) whereas any structure that can be attributed to them (such as geometry and force-fields) is mere fiction and convention.

3.8. The philosophy of interesection-points: Moritz Schlick
What will be: The theory of relativity determined the form of the logical positivism which emerged in its wake. Moritz Schlick, who was its official  leader, published the first philosophical interpretation of the theory of relativity, and constructed on it the principles of his new philosophy. We shall deal here only with this part of his work and we shall see how it was in fact  the modern, post-Einsteinian formulation of Kant’s philosophy. During this interpretation, Einstein’s  ontology of intersection-points as the only reality was adopted, and in its wake followed the extreme and inevitable conventionalism in regard to all creatures of the intellect, such as the structure of the world.

3.9. The early, late, and too late Wittgenstein
What will be: Even though it seems that  to all purposes the theory of relativity did not leave any impression upon Wittgenstein, his book Tractatus Logico Philosophicus left quite a deep impression on the logical positivists. But what the book contained was no more than a final formulation of Hume’s and Kant’s and Poincar(‘s conclusions. Wittgenstein conferred upon these the extremest subjectivist emphasis, and in his late work this became social or communal or tribal subjectivism. Mathematics served for him as the model of rigorous conventionalism according to which any step taken is a completely new convention. This is one of the most desperate and despairing versions of actualism.

3.10 The Kantian conventionalism of the theory of relativity: Hans Reichenbach 

What will be: Along with Eddington it was Hans Reichenbach who created the strongest and most influential actualistic interpretation of the theories of relativity. It started as an effort to adopt Kant to Einstein, and continued in the logical analysis of the theory of relativity according to the model of Kant’s “transcendental deduction”. The conclusion was the replacement of the apriori by conventions. But Reichenbach was frightened of this conventionalism (exactly as Poincar( was) and his combination of conventions with the rejection of conventionalism produced a prolonged confusion. We shall see how Einstein perceived that confusion and explained it to Reichenbach, who stopped from then on writing on the subject.

3.11 From the principle of toleration to the dictatorship of language: Rudolph Carnap
What will be: Carnap, the most important representative of logical positivism, was also the peak of the effort towards the absolute emptification of  both philosophy and science from any information about the world. What with Russell was the reduction of everything to logic, became with Carnap the program of the formalisation or   linguisation of everything. The traditional philosophical problems became  nothing but worries about the choice of a language and its construction, whereas the construction of the world became a problem in “logical syntax”. We’ll observe this effort towards a total emptification for the sake of certainty and elimination of philosophical disputes, right from his first to his last book. A central consideration in this program was the most extreme conventionalist argument, which says that even sense-data statements are mere conventions and as a result the only sense of truth possible is coherence. Carnap regarded the general theory of relativity as a strong confirmation of this program, interpreting it as  Reichenbach did, making it clear to one and all that they were both in full agreement with Poincar( and Duhem. Carnap was among the first to argue that total conventionalism, according to which the world and its nature are a mere matter of language selection, is in fact “a principle of toleration”. Here came into existence the horror notion that toleration means “everything goes”, and nihilism (both physical and ethical), so essential to the actualist, emerged here with its full dreadfulness.

3.1 Passion for completeness - quantum mechanics

What will be: the theory of relativity in its actualistic interpretation (such as Reichenbach’s and Carnap’s) was the model according to which Heisenberg constructed quantum mechanics and Niels Bohr formulated his “Copenhagen interpretation” for it. Bohr mobilized all the principles of actualism in this interpretation - the demand for completeness, rejection of informative explanation, annihilation of the reality of all things observationally potential and, finally, the rejection of a  world separate from observation and measurement. This interpretation reached its peak when Bohr set out to defend it against Einstein and the EPR argument. Bohr was forced to declare that possibilities possess no reality before they actualise, and that therefore there exists some non-physical but rather logical or conceptual force which acts between material particles.

3.13  Law without law and substance without substance - John Archibald Wheeler and the end of actualism
What will be: John Wheeler is a fascinating example for the hold that the actualistic interpretation of quantum theory has over the best of contemporary physicists. Not only this, Wheeler never hesitated to conclude from this interpretation extreme consequences concerning the nature of science and mathematics, and mainly concerning their informational emptiness, and to propound the most interesting and unflinching justification of emptiness ever proposed. It seems also that his attempt to escape the Berkeleian absurdity through the notion of irreversibility leads to the end of the central acutalistic thesis that “the world does not exist out there”.

4. Brutalism: an ethical epilogue
What will be: The third revolution, within which were formulated the principles of actualism and their most typical formalistic and linguistic versions, characterises not merely the impoverishment of the philosophy of science in the 20th century. The reflection of this impoverishment is the growth ,ever since Kant, of an actualistic theory of values that claims there is no reality in values, except that which man contributes to them. The modern origin of this thesis can be also located in Hume and its first systematic formulation in Kant. For just as all laws of nature are so many syntheses of the human mind, just so are the laws of ethics - man legislates to ethics exactly as he legislates to nature. But the deepest influence was exercised by Hegel’s ethical actualism and his ethics of force, which I’ll call brutalism. This says that the strong is the good and the right. We shall also observe how Nazi ideology embodies this actualism by its opposition to absolute values, and how this philosophy is linked to the Nazi theory of truth.

