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INTRODUCTORY NOTE

The book now being published came about due tacassdy currently felt in
the spreading of new scientific ideas among theggpublic.

We lack works that are, directly or indirectly, ongpromised regarding
religious, political, sectary, corporate or anyestdogmas.

Presently, we are witnessing the systematic attdtkese more or less occult
forces on science.

On the other hand, we would also like to provide teneral public with
trustworthy and pertinent information on the trdeas underlying the common vision
of quantum mechanics. Moreover, we will demonstthtg such ideas, which do not
allow us to accept the existence of an objectiaditye have already been overcome by
the causal nonlinear theory. Thus, we will show aders that the current worn out of
quantum mechanics can and should be replaced kwacasual nonlinear quantum
physics, in which the starting point, the basiaagstion, is accepting the existence of a
reality independent form the observer.

In this context, we shall introduce the reader tevlaole new causal and
nonlinear physics. This new nonlinear quantum pisysontains, from a formal point of
view and in its linear statistical approach, theé @ithodox quantum physics.

Likewise, we shall present experimental evidentegrty proving that the old
orthodox paradigm is worn out. The mysteries, paxad and enigmas so boastfully
presented in usual literature are deciphered paracularly simple and intuitive way, in
the framework of the a nonlinear causal quantunsioly

This new causal nonlinear physics is developetsifundamentals, in a book
recently published by one of the authors (J. Rc&ycentitledTowards a non linear
quantum physicand edited by World Scientific.

Nonetheless, we do understand that in order tchraasider public audience,
it would be useful to present, on one hand a momplgied version formalistically
speaking; on the other hand a more consolidateslorerfrom a historic point of view.
Thus, in this work we have tried to eliminate, asch as possible, the mathematical
formalism, and also to develop and to further daeipe historic origins of modern
science.
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A SORT OF INTRODUCTION

These Dialogues | now have the pleasure of presgeindi the reader interest in
science and culture correspond to a set of dismougsieetings | have carefully noted
throughout a certain period in time. | will begig bsking for the reader's indulgence
regarding my somewhat boorish and rough prose. déisres from the fact that | am
not a man of writing and have always had a vocafimmtechnological subjects,
possibly by professional deformation, since | waskan engineer. In spite of having
had, more contact with managerial problems, maiathnological ones, | have still
taken an interest in the most fundamental aspddsience. The lack of time together
with family pressures and the need to strive fdrssience have always prevented me
from dedicating more time to that fascinating themtech is the basis of our scientific
knowledge. Now that | have reached a more comftatpbsition in life | can dedicate
more time to this ancient passion. Truth be toldave never given up on that passion
since my interest in getting to know the root dftaings — trying to reach the core of
things — have always accompanied me, and perhapshave even been the reason for
my professional successes.

The small amount of information | had on the badiscience derived mainly
from reading scientific articles and newspaperslege books and my conversations
with a few teachers who, more or less openly, dadenthan just follow textbooks. As
we know, many times subjects are presented in letety uncritical manner. Science
is presented as a perfectly completed body of kedge where there is no place for
doubt. The history of science, in such perspectivastitutes an adventure in which the
good guys always win, and the development and ttogress of science are an
admirably linear clear path, perfectly defined,haio highs and lows.

From my modest point of view, | have always thoutilis vision of science,
besides being reductive, is extremely castratingwéier, recognizing my great
ignorance in such subjects has always preventeftarremanifesting an opinion. This
situation has changed in the past few years f@avkeheen fortunate enough as to find
someone with an attitude entirely like mine; excegtile | have dedicated most of my
life, so to speak, to saving money for a comfodahlture, that man, who | now
consider a friend, oriented his life especially &ods the pursuit of knowledge. Through
this dear friend | have met other people, alsorésed in such subjects. From this
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common interest derived, and | say this not witremrhe pride, due to the full success
of my efforts, a series of meetings in several gdacvhere one way or another we
always ended up falling into a advantageous dissasen the basis of science,
emphasizing that strange and simultaneously faemaheme that is the basis of
quantum physics.

These dialogues are, so to speak, the narratisnabf discussion journeys
which | conscientiously recorded in time and nowhfally put in writing, so that the
interested reader can also benefit from these eeatiens.

Trying to make the debate a little more impersomalgd at the same time
preserving the anonymity of the participants, Iddecided to give every intervenient a
Latin name, including myself. | tried to give eashe a name that was, as much as
possible, in agreement with his position in the Idjohis view over science and
knowledge in general. To illustrate it, | will ontgfer to the names | gave myself and
my friend. As for the meaning of the remainder.eliéve it can be perfectly inferred
from the context of the dialogues. For myself | dahosen the name of Liberius, since
| have always been a freedom lover. | do consigerhaps boldly, that | have a spirit
which is open to the innovation and progress ofvkadge. | believe that, in present
times, this attitude is not as common as we amnd#d to believe. Generally, the very
much commented freedom of thought is no more thatask hiding more or less
disguised conformation, and above all, a greatctehce in accepting all that is, in fact,
innovative. This is, indeed, more to resemble ttraactuallybe To my dear friend |
gave the name Argus. This choice has to do maiitly the fact that he, like the Greek
mythology ship of the same name, against all hapdstagainst winds and tides, is
committed in the quest for Truth.

Liberius
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HISTORY AND EPISTEMOLOGY
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FIRST JOURNEY

It was Friday evening. | had laid the book dowwl éaned back on the sofa.
The book’s theme was about foundations of Quantueechénics. It tackled a strange
relationship between sciences, Quantum Mechanitisisncase, and oriental religions.
The least | can say is that | was impressed. Wiasity possible that modern Quantum
Physics was indeed intrinsically linked to mystjaalagical and religious conceptions,
capable of granting man, deeds that have beendsyesi until then appanage of the
gods and other divine entities? Amongst such reaidekdeeds | will only state as an
example the ability to go back and forth in timedao interact with other physical
systems, as distant as they may be, without any feeg@hysical connection!

The phone rang. | left my thoughts in order toageginto the prosaic act of
answering a phone call. It was Argus on the otherad the line.

- Hi Liberius, how are you? | have called to tell ywbat tomorrow, Saturday, |
can have lunch with you! As arranged | am alsoding some friends of
mine.

- Great! But where do you want to go for lunch?

- Well, I will leave that to you. | am sure youdwm a place where we can have

some nice Portuguese food.

- In that case, we will go to Alcacer do Sal and as well know, it is an
excellent excuse to have a nice relaxed conversafiesides that, | would like you to
try the famous fish soup they serve there. It WwiKe us about one hour from Lisbon to
Alcacer. We can leave around noon.

- Deal — said Argus. — We will meet in the café nexyour house around half
past eleven.

| have put the phone down. And stood there imagitivat those plans sounded
extremely pleasant.

| then returned to my previous thoughts. In my nsbdgpinion, | have always
considered that one should never mix science vatigion. However, this scientific
information book, apparently written by an accreditauthor, defended precisely the
opposite theory and that left me bewildered anah@listurbed.

However, more urgent problems diverted my attentidmad to finish a budget
for a 50 ton crane requested by a company froriMask | had left to do at home.

| arrived at the café at half past eleven the riag. It's a café in Campo
Grande. | was the first to arrive. Something | \magady expecting to happen as | live
in the same building. | bought a newspaper anddagieea bottle of water to justify
using the table. During the next ten minutes seéyezaple arrived and three of them sat
at a table next to mine. One of them had bougtevespaper and all of them had asked
for coffee. Each one of them took a detachable plathe newspaper —as it is quite
usual for any weekend newspaper to have severalesupnts — they dived into their
reading activity.

My friend Argus arrived five minutes later and iniaibly good mood he said:

- 1 did not know you all knew each other.

12
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| looked at him surprised and noticed he was mbf oking at me, but also at
the table next to me.

Both myself and the members of the other tablesealstraight away that we
were all going to Alcacer.

The introductions were swift. Fabrus was a Profes$dhysics, the same as
Argus, at the University of Lisbon. | was then imfeed that Amadeus was a well
known publisher and Lucius was a technician supesitd also a writer of some
published works.

Soon informality started to settle in. They wellegalbd hearted people.

| expected, and everyone seemed to agree thabuldsiiake my car. Argus
knew very well | am content to only drink water ihgr a meal. | knew that would be
hard on them. This way the return trip would be enaithout any problem.

We left at the scheduled time and headed to VaacGaima bridge. The wide
Tejo estuary looked beautiful on that sunny Junenmmg. The bridge itself helped set
the landscape. We kept quiet, maybe so that nothiagwould say could ruin the
peaceful moment invoked by the landscape. The Vasc@&ama bridge, at almost
eighteen kilometres long, took about ten minutesrdss within the speed allowed. Ten
minutes of complete silence.

Right after the crossing the conversation sparkeal life as if an alarm clock
had woken us up. Lucius had started it.

- What a wonderful day! Let's hope the rest of they doesn’t ruin these
moments.

- Let’s hope so... - answered Amadeus. — This larmpstabeautiful from every
angle. | had already enjoyed this scenery whilginga Passing under this bridge and
going up the Tejo until Valada is also a very ptedexperience.

Fabrus entered into the conversation.

- Argus already told me you like sailing - he saidl do as well. Also you
should know, that although Argus does not saillikes it. | don't know if you know
that Bohr, certainly the most important physicisthe 20th century, also liked sailing.
Heisenberg describes that, together with Bohr atigers, he discussed basics of
Quantum Mechanics whilst their sail boat travellegl trail and left the reflection of the
sun setting over the waters surface. There must baen moments similar to the ones
we have just experienced, and it should have be e interesting to have listened
to those dialogues.

- Why do you say Bohr was the greatest physicighef2d" century? — asked
Amadeus.

- Aren’t you forgetting Einstein? — added Lucius.

- No! Bohr’s ideas shaped extensively the way ptigs looked at the world so
that the 28 century will be remembered as the century of Bohas far as Physics is
concerned! In the same way that th& t&ntury will be considered Newton’s century —
defended Fabrus.

- | agree with you — said Argus. — But many peapley find your statement
quite weird. Many shall even doubt it because, likeius, they will think you're being
unfair towards Einstein. | know you're not forgegtihim with your statements. We
have discussed this previously several times andguee with each other. Einstein did
not agree with Bohr's positions as they were quot@roversial numerous times. As we
know, Einstein always lost the argument, at leastipionally...

- | agree with you till your "provisionally” - rejgld Fabrus. - | think that
nowadays it's quite obvious that Bohr and his iotetation of the quantum formalism
is strong enough and totally in accordance with twhie observe, so that we could
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understand the reason why Einstein could never kaore his discussions with Bohr.
Neither will anyone who defends similar points a#w, now or in the future!

- Here is the kernel of the disagreement! — ansivArgus. — Firstly, in order to
avoid any confusion, it's necessary to underlinat th don't defend that Quantum
Mechanics is wrong! No one, gifted with common sersan state that. And for that
simple reason Quantum Mechanics has overcome whainsider to be the last
validation criteria for a scientific theory.

When a theory allows us to build new tools, todisttcouldn't even be
conceived without it, when that theory increases amtion ability in the world, it can
never be considered wrong.

We can admit, such as we do presently with Newtaméshanics, that it has a
limited application domain. However, after thatigation criterion has been overcome,
| can state that there is some harmony betweewadhie and what we think about it and
that is, deep down, what this theory expressesw®uhave to watch out. Between the
world and what | think about it, in this theoryethk is never an identity relationship.
There is only an analogy relationship.

We cannot make the same naive mistake that, fomgbea the 18 century
Newtonians made by identifying the world by meahslewtonian mechanics. Laplace
was led to say that the world was completely deteeth and that our feelings of
possessing free will were pure illusion.

If we identify Quantum Mechanics with the world we’making exactly the
same mistake. We would have to say that Quantunhsfecs is a complete theory and
accept the philosophical assumptions that fulfg¢ ihasis, i.e. the Principle of
Complementarity.

In that case, from Einstein’s undeniable defeatht statement that Bohr was
right goes a long hard way. It was difficult fomtein to beat Bohr due to the fact he
left himself entangled (and it was inevitable nof in what we can call Bohr's web.
Once one falls there, one can never escape. licaepa Bohr's game rules, we fall into
a trap. Presently we do understand the reasonifstdin's failure. He did not have the
empirical information or the new theoretical totflat we have these days.

- I'm not sure you'’re right — answered Fabrus. thihk that Bohr is a unique
case. He discovered a way to express the limitedoicapability of understanding what
surrounds us. I'm firmly convinced of that. The néhworetical tools you talk about did
not prove to be capable of replacing the quanturchaxgics interpreted in the way
which Bohr did.

- Oh, Fabrus! What understanding capability are taling about? - asked
Amadeus.

- I'm talking about the impossibility expressed imeans of the principle that
constitutes the "touchstone" of the Bohrian intet@ion regarding Quantum
Mechanics and that I've stated before, the PriaaplComplementarity — stated Fabrus.

- I've never heard that before! — answered Amadeus

- Neither have I!' — added Lucius.

| kept quiet, but my ignorance was as huge asgheir

- You're not the only one — intervened Argus. — eaband | have been
discussing these subjects for many years, we digatdd to know. | can add that even
some physicists using Quantum Mechanics as a aolotl worry too much about that
principle, or have even heard about it. In the arsity textbooks from which one
studies Quantum Mechanics, in a general way, thlsgcts are not explicit. They state
the so called principle of uncertainty of Heisemgdrut do not mention its framing in a
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determined philosophical conception expressed girouthe Principle of
Complementarity of Bohr.

- Can you explain that better? - requested Lucius.

- It's a long story. | don’'t know if you're interel in listening to the whole
story — intervened Argus.

- I'm interested — said Amadeus.

- So am | — added Lucius.

| didn’t say anything, but | was equally interested

- Where can we begin? — asked Argus.

- Don't tell me you want to begin in Greece? — geed Fabrus with a playful
look.

- It's not such a bad idea, but | think that fomnae don't need to go back so
far! - answered Argus in the same tone.

- If we went back to Classic Greece maybe we caugport this with
something we really know quite well — dared sayimgadeus.

- We’'ll get there, but can we start by asking asgjoa: do you know what the
scientific revolution of the 7 century was?

Lucius answered:

- We know what any informed person knows. The irtgadrrole of men such as
Copernicus, Galileo, Descartes and Newton, culnmgatwith the latter theory
regarding gravitation and mechanics.

- Of course. Being said in such a general way, urdoubtedly hits the target!
But if we want to deeply understand what the difierrevolution of the 1% century
was we must look to what has happened in a moeslel@tway — said Argus, adding: -
Galileo was the turning point of that same revolutilt's not for nothing that we
consider him the father of modern Physics. It wasvho initiated the understanding of
Physics in the way we see it today.

- When he start looking at the sky with the telgs- asked Lucius.

- That's the episode most people know about — neéized Fabrus.

- But that's not Galileo's major contribution. Gfuese it was very important for
him to look at the sky. He intended to gather emgirarguments that supported the
Copernican system — added Argus.

- That system defended the theory that the Earthetharound the Sun and not
the other way around! - stated Lucius.

- Exactly — supported Argus, adding: - Galileo sedpd that was the real
system. | would say, he needed that to be thesyesaeém.

- Why do you say that? — asked Amadeus.

- Did you know that Galileo wrote a letter in 16@4Paolo Sarpi, a priest friend
of his from Venice, where he almost completely amead the Law of Fall of the
Bodies?

- Of course | didn’t know. But | don’t understandhat is your point — answered
Amadeus.

- Do you know in what year Galileo wrote his famdidereus Nuncits The
book was written in 1610 in it he reports his fioktservations made with his famous
telescope! A telescope that he built himself, hatthadn't been invented by him! -
stated Argus, continuing: - As one knows, in 16Bfagh a former student of his,
Galileo found out about a recent invention maddafiand.

He started to build a telescope that same minufedaning the second attempt
he managed to build one that might be comparedyttmla good pair of binoculars that
any of us can buy in the appropriate stores.
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Then | dared to ask:

- Why was Galileo the first one to immediately tise telescope to observe the
skies? Didn’t the Dutch opticians who invented é@k®a a previous model?

- I don’t know — answered Argus. — Maybe they didt if so, as far as | know,
they didn’t report those observations. Besides, Batileo knew full well what he was
looking for when he admired the skies through ttedéscope! He was already a
Copernican and wanted to get some arguments todi¢fat world system!

- And he did it! — added Lucius.

- | don’'t know... - answered Argus. — It depends bae tvay we look at the
Copernican system! If we look to the Copernicantesys summarizing it to the
alternative of the Earth moving or not, such asvés defended by the Aristotle-
Ptolemaic system or by the Tycho Brahe system, wst mronclude that Galileo wasn't
that successful!

- What? — asked Lucius almost indignant. — | thim& all know what the
Aristotle-Ptolemaic system consists of. In thistegs the Earth is immobile in the
centre of the Cosmos, the Moon rotates arountdety Mercury, Venus, the Sun, Mars,
Jupiter, Saturn and, finally, the fixed stars’ sghd&kegarding the Tycho Brahe system, |
don't completely know what that's about and | sespgy ignorance has many partners!

- It's important to know the Tycho system — congduArgus - because without
considering this system, it becomes more diffitoltinderstand what Galileo has truly
done. We would be mislead to conclude that Gabl@dservations would have proven,
without any shadow of a doubt, that the Copernisgstem was correct and that the
Aristotle-Ptolemaic system was wrong, concludingréfiore the Earth was moving.

- Ahl So it's true that Galileo’'s observations peovthe Aristotle-Ptolemaic
system was wrong! — said Lucius more at ease.

- Yes. It's true. But that's not what | mentionadlier on. Although Galileo did
prove the Aristotle-Ptolemaic system was wrong,didn’t manage to unequivocally
demonstrate the Earth was moving by means of lEsrghtions!

- Why do you say that? — asked Lucius.

- Because the Thycho system, in which the Earthdsstill, described as well as
Copernicus’ the observations Galileo made! As atenaif fact, after good analysis, it
explained clearer than Copernicus the observatitade so far regarding the movement
of the stars and the planets.

- So what was the Tycho system? — asked Luciugusl

- In that system — answered Argus — the Earth stiitidin the centre of the
Cosmos, the Moon revolved around it, as well asSha, but the planets revolved
around the Sun. This means that from a purely catienpoint of view, i.e. from a point
of view that merely describes the movements, these systems, Copernicus’ and
Tycho'’s, were the equivalent of each other!

- And can that be explained with an example? —dskeius.

- Yes. But in that case | will have to make sonmapeé drawings — answered
Argus.

- Have you noticed we’re almost arriving at Alc&einterrupted Fabrus.

- Maybe it's better to wait until we arrive at thestaurant in order to make the
drawings. We can ask for a piece of paper or evasgp&in will do — concluded Argus.

We had already left the highway and we were gomgrdthrough the final part
of the route. When arriving at the roundabout t® ¢mtrance of Alcacer, we followed
the right hand side alongside the Sado’s river batter passing the park we turned
right on the first road and went up for a coupleyafds. We finally arrived at the small
and quiet square where the restaurant was situ@tedday had got warmer during the
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trip. However, due to the air-conditioning in ther eve hadn't realised that. As soon as
we opened a door, we were invaded by a rush oaiinowWe left the car quickly and
entered the restaurant. It wasn't hot inside. Hstaurant's building was facing north
and had many houses next to it on the southern @de could truly say it was really
fresh. We were given a table for six in a corned are sat down. We didn’t ask for
anything. | had already ordered fish soup for spogle when | called the restaurant
before leaving home. | was a regular.

Lucius began the conversation:

- You can make the drawings now — he said, staimgygus.

- Yes. Can you lend me a pen? — asked Argus. Ihemtmine and he started to
draw. - Here we have the Ptolemy’s system, Fig,J4ith the Earth standing immobile
in the centre:

Fig. J1.1 — Ptolemy’s System

The drawing I’'m about to do now will represent epernicus' system with the
Sun standing still in the centre:

17
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Fig. J1.2 - Copernicus’ System

Tycho Brahe’s system is slightly different:

Fig. J1.3 — Tycho Brahe’s hybrid system

18
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As one can see, the Earth is in the centre, anditn, with the Sun, rotate
around the Earth. In this model, the planets radatctly around the Sun and indirectly
around the Earth. As you can see, it's a hybrid @hod

Proceeding, Argus said:

- The example | wanted to tell you about concehes\enus’ phases such as
Galileo observed and that | intend to represerg:her

og(((

Fig. J1.4 — Venus’ phases

As you can see in this picture when Venus is miueninated it appears to be
smaller and when it's darker it appears to be bigge

- Why did you mention that? — asked Amadeus.

- Because this observation is a strong argumerihsigéne Aristotle-Ptolemaic
system. Notice the drawing that represents thet@tlesPtolemaic system. They have
represented Venus and Mercury epicycles. The ofilanet's epicycles are not
represented to not complicate the drawing. Venugeth@ver the epicycle whose centre
circulated around another bigger circle centretha Earth, the deferente. As we can
see, in this system, Venus is never further awam fthe Earth as much as it is from the
Sun. This way, it could have never been so illun@dauch as Galileo observed. This
happened when its apparent dimension was smatighig situation, Venus would be
further away from the Earth and beyond the Suny@nthat way it would look smaller
and more illuminated. We wouldn't see it as a dacdorm, because both Venus and
Earth orbits don‘t match and besides that Venusilshbe aligned with the Sun and
beyond it, and under those conditions we woulde’table to observe it. But these are
details because what really matters is to condbdethe Venus phases are “mortal” for
the Aristotle-Ptolemaic system, but they aren’alatfor the Tycho system. And in this
system the Earth stood still in the centre of thsrGos!

We can therefore conclude that the Venus phasesbeaconsidered as the
decisive argument against the Aristotle-Ptolemaimdeh, but didn’t refute Tycho’s
model. None of Galileo’s observations showed cletdré Earth was moving!

- But, as far as | know, Galileo was convicted f@fending the Copernican
system in which the Earth is moving! — exclaimeaius.

- Yes — answered Argus, adding: - And that makessughe following: why did
Galileo start an enormous propaganda campaignthetd the exact term, in favour of
the Copernican system since 1610?

- | already thought about that — added Fabrus. HeBaonly made public his
work on Physics in 1638, already under house arsestenced for a conviction during
the famous proceedings of 1633, meaning four yeafsre his death he published the
book The Discourses and Mathematical Demonstrationstigldao Two New Sciences

19



Dialogues on Quantum Physics

- Exactly — agreed Argus, adding: - As a mattefaat, Galileo published in
1610 the book he Starry Messenger which he detailed his first observations witk th
telescope. As a consequence, he was tried by thesition in 1615, being intimidated
to keep silent and to not defend the Copernicarsithanymore. Shortly after,
Copernicus'On the Revolutions of the Celestial Ovbas finally added to the forbidden
books’ list, the famous Index. In 1623, Galileo |mied the bookl saggiatore where
he defends a new way of making science, a newegpbgy — the book that presents
the famous thought | know by heart:

“Philosophy is written in that great book which evies before our eyes - |
mean the universe - but we cannot understanawe ilo not first learn the language and
grasp the symbols in which it is written. This boisk written in a mathematical
language, and the symbols are triangles, circlelsadiner geometrical figures, without
whose help it is humanly impossible to comprehergingle word of it, and without
which one wanders in vain though a dark labyrinth.”

- Famous thought! — added Fabrus.

- Exactly — answered Argus, continuing: - An impoittbook, thidl saggiatore,
that's not mentioned as much as the previous tveddl you about. Nor like the one
Galileo published in 1632 and we all know, the fasDialogues Concerning the Two
Chief World System#\. book that tenaciously defends the Copernicaresysihe book
that triggered the second proceedings by the litopns

- So Galileo publishe@he Starry Messengér 1610,Il saggiatorein 1623,The
Dialogues Concerning the Two Chief World Systems632 andThe Discourses and
Mathematical Demonstrations Relating to Two Neveismsin 1638? — asked Lucius
trying to sift up all that information.

- Yes, if we don’t consider minor works such ag, égample La bilancetta a
youth work where the influence of the Hellenist Aimjedes was already present —
agreed Argus.

- But anyway what was your point? As | seem to maer it, | think you were
talking about a question that should be asked!claemed Amadeus.

Argus smiled and explained:

- | was saying that Galileo already knew or wasuatio know the Law of Fall
of the Bodies in 1604 and instead of working ort thame and publishing the results
obtained, he decided to unleash a huge propagaadgaign in favour of the
Copernican system since 1610. Besides that, Iatedstthat none of the observations
Galileo made with the telescope proved without singdow of a doubt that the Earth
was moving, and as | have already told you Tychsystem explained those
observations as well as the Copernican system. thedTycho’s system solved a
problem that Copernicus' system didn't. I'm talkalgput the non observation of the
stars' parallaxes.

- We all know it's a parallax error — interrupteadlfus to explain it. — For
example, when we’re measuring the length of a nmemust look perpendicularly to
the ruler over the point where we're reading frdimnot, we end up introducing a
reading error and therefore attribute differentglés to the distance we want to
measure. The length we measure depends on theopositobservation. It's similar
with the stars. In the Copernicus' model the Emrthot still. It rotates around the Sun.
The distance between two points with an opposechetier from their orbit it's around
300 million km. While observing the same star ire@f those points and six months
later, in the opposite position, we should attrébiidifferent positions.

- And does that happen? — questioned Amadeus.
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- Of course! — said Fabrus. — Nowadays, the paraliathod even constitutes
one of the most accurate methods to determineish@ndes between the stars and other
cosmic objects. In the 17th century that parallas wnpossible to observe. The means
of observation of that time did not allow it. Thatly became possible in the 19
century with the construction of better telescoyiBz. in the 18' century no one longer
doubted the Earth’s mobility!

- Neither Copernicus or Galileo have managed tawanshe criticisms that their
adversaries made and that made sense - said Aduisg: - Copernicus tried to defend
himself by stating that the stars should be at ahfurther distances than it had been
admitted until then. But if presently we considkattwas a good answer, we must
accept that in those days it wasn't very convincing

Let’'s see. The stars’ parallax wasn't observedthadimplest conclusion was to
accept that the Earth was immobile.

In order to explain the non observation of thesstparallax, admitting that the
Earth was indeed moving, we had to place themssamies that at the time were a little
unreasonable. Distances that radically broke with timensions attributed to the
Cosmos until then.

- A complicated problem — agreed Lucius.

- Once more we see that the question to be askédGalileo in the beginning
of the century was close to the Law of Fall the iBedwhy didn’t he publish those
results instead of following the path | referre&dore? - asked Argus. - The answer is:
so that people would accept the way Galileo reathese results, it was necessary to
previously believe in the Copernican system. WhgedBise those results were obtained
by means of a method that could only be undersiopdople already believed in that
system.

- | don’t understand! — said Amadeus.

- It's natural! But to understand this is essentimalinderstand the kernel of the
scientific revolution of the 1“‘70entury! — answered Argus.

The famous fish soup was arriving at the table. ddreversation was interrupted
for everyone to observe how it looked. Perfectusigal. The fish used was ling sided
with mint from the river, oreganos, in short... &etseasonings of the worshiped food
from Alentejo.

After we served ourselves and started to tastallyodelighted, with the fine
delicacy, the conversation restarted. And theatiite came from Amadeus.

- Can you please finish your reasoning now? — fg 8&rning to Argus.

- | was saying that Galileo needed people to beliavthe Copernican system in
order to believe in his way of explaining Physics.

- You said that Galileo didn’t receive any argumientavour of the Copernican
system with his telescope observations. So, ifettege no arguments in favour of that
theory maybe it wasn't reasonable to defend iter#tened Lucius.

- | didn’t say that! — answered Argus, continuingk just said that Galileo’s
observations didn’'t add any argument in favourhd Earth’s mobility. | didn’t say
there were no arguments in favour of the Copernsyatem.

- I don't get it! — said Amadeus.

- Ptolomeu’s system and Tycho’s system defendedEtrén’s immobility. But
they also established an ontological distinctionwieen both worlds that were
essentially different.

- | think you're talking about the sensitive worahd the intelligible world of
Plato — said Lucius and Amadeus almost simultargous

21



Dialogues on Quantum Physics

- Exactly! — answered Argus. — As you can see,iftipossible not to mention
our Greek ancestors! We all know that Eudoxus,afrfélato’s disciples, initiated what
we could call, using a modern terminology, thetfasentific research program built by
man. Within the astronomy domain, of course. I'nkiteg about the homocentric
spheres’ model that Eudoxus built from the platgrostulation defending that world,
that intelligible world, which would participate ithe ideas of circularity and
uniformity. As we well know, the homocentric spheraodel was the first model to be
made in order to describe the movement of the siarse skies.

Later on, Aristotle changed the simplistic modeltb& homocentric spheres
making it more complicated by increasing the numbérspheres. Besides that,
transformed Eudoxus’ geometric spheres into spherade of a subtly transparent
substance. Some centuries later, already duringiéfienistic period, and in accordance
with the natural evolution of a scientific reseaprogram, the deferent and epicycles’
model that | mentioned earlier on was added tohbmocentric spheres’ model. A
model that intended to account for the planetdlidanice variation and that was since
the early days associated to the variation of desgdrom the planets to the Earth. This
phenomenon is more evident in the planets thatckser to us, such as Venus and
Mars. The homocentric spheres’ model didn't manegexplain it, because in that
model the planets were always at the same disfamrethe Earth.

- We don’t see much when we look to the skies -eddéabrus. — Our eyes are
weak detectors and filter out almost all the infation regarding that world. A world
that Aristotle called supralunar: a world beyond toon. In that world we can only
observe luminous points changing position. Forrést, we only observe two bodies
with a bigger dimension, the Sun and the Moon, thay are also circular and don't
seem to have any other change besides the sincpl@sgje of position.

- You forgot to mention that the Moon has phasesaid Amadeus. — But those
phases didn't constitute a change in the Moon,aara simple consequence of that fact
the Sun and the Moon alter their relative positoml, simultaneously, their positions
regarding the Earth.

- Yes, you're right — agreed Argus. — But the momportant thing is to
recognize that the platonic legacy that considématiworld to agree with the circularity
and uniformity ideas is the cause of the wholergdie research program that reached a
high sophistication degree. | agree with Fabrusnvhe said that men unconsciously
simplified that world. Inadvertently, they thoughat in that world the only change was
a simple change of position!

And that was the change, that local movement thah mared to describe
mathematically. And that was the reason why theysiered it an intelligible world.

For the sublunar world where they lived, the wdrédore the Moon, their senses
allowed them to learn all kinds of changes: a gat@nal and corrupted world; a world
where little keep lasting, starting with man hinfisal world where local movements -
the simplest change of position — mingled withtgtles of changes. Besides that, those
movements weren't circular and uniform, a charastierexclusive to the supralunar
world movements.

In the sublunar world, movements divided betweetunaa and violent. The
natural ones were vertical movements from top ttobw, if the bodies were heavy, and
from bottom to top if they were light. They werelled natural because the bodies
followed a tendency to occupy their natural positioe., the heavy bodies, like earth
and water, occupied respectively the centre ofwbdd and the contiguous spherical
crown, and the light bodies, like air and fire, gpied the superior layers of that same
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world. And that was the reason why the Earth wastkd at the centre of the world.
That would be its natural place.

On the other hand, violent movements were the mewsnn which the bodies
didn‘t follow a natural trajectory, such as a wagtled by a donkey or a stone throne
by a sling. Aristotle explained that those moverserduld only happen if an engine
acted permanently on the body, as it was the caeavagon and the donkey. In this
case, the donkey was the engine. But from thatea@sproblem to explain the
projectiles’ trajectory. The sling example is onetleem. While the stone keeps in
contact with the sling, we can attribute it thetprthe movement engine. The problem
arose when the stone stopped being in contactthalsling. Aristotle answered to this
objection stating that the world has horror to o&d and when a projectile moves it
makes immediately for the air to occupy the spae by the body, pushing it.
Therefore, the air represented simultaneously tiggne and the movement resistance.
This was the weakest link of the Aristotle Physéesl it's natural that the Aristotle
followers tried to introduce the concept of impefiiBis would be a moving virtue that,
for example, in the sling’s case, it would be pthton the stone by the sling itself
allowing it to continue moving violently while thanpetus didn’t wear out. This was
the general picture that integrated the whole AtistPhysics.

- We all know that Aristotle was the first to buiRhysics while rehabilitating
the senses’ data as a mean to achieve knowledgeadta coherent Physics with
metaphysic. With an ontology where it made sensevads an explanation of the
sublunar world that, as we see, was totally diffefeom the one used to understand the
supralunar world - added Fabrus. - A Physics teated the Earth to rest in the centre
of the Cosmos.

- Ah! — said Lucius excited. — So that was the oeabat led Galileo to defend
the Copernican system in such an obstinate way?

- Yes. That defence of the Copernican system wa®ssary to fight the
Aristotle Physics. But, above all, it was necesgarglefend a new way of explaining
Physics that Galileo had already started to us&ptained Argus, adding:

- And that’s the key point for one to understane siientific revolution of 17th
century!

- Can you explain that a little bit better? — askedladeus.

- | mean that Galileo defended the Copernican sydiecause it imposed an
ontological unification of the world. In this systethere were no longer two worlds
ontologically different, the sensitive world or tkeblunar world, and the intelligible
world or the supralunar world.

By withdrawing the Earth from the centre of the ldprCopernicus, like a
wizard’s apprentice, threw it to the middle of hlanets. The Earth was thrown into a
world in which movements could be mathematicallyatioed.

The ancient astronomers did it. They dared to dbeitause they had only
observed a single change in that world, a simpéngh of position or, if you like, the
local movement as the Greeks used to call it. Tdehieved it because they couldn't
have grasped that world the way it really was. Théey it because, unconsciously,
inadvertently, they had simplified that world.

And Galileo wanted to do the same for the movementshe Earth's surface.
For that he had to simplify, this time deliberatdly a premeditated way, the complex
world that his senses allowed him to apprehend.

He had to abstract from everything else, frombadl d#ther changes, and just look
to the simple change of position.
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I mean that Galileo understood that the ontologisafication imposed by the
Copernican system was followed, immediately anditably, by an epistemological
unification. If now only one world existed, therettvay to try to understand it would be
inevitably the same. The Earth would start belogdgman intelligible world! The Earth
started to belong to a world in which the local mient could be mathematically
described!

We can now understand the profound meaning of &¥dil sentence il
Saggiatorethat | quoted earlier on. This was the profounalsom that led Galileo to
develop an enormous propaganda campaign in favotireoCopernican system! This
system authorized him to do what he wanted to dathematically describe the
movements over the Earth’s surface!

- | got it — said Lucius before tasting anotherapof the delicious fish soup.

- Me too — added Amadeus.

- As you well know — intervened Fabrus, - Argus dnthve already spoken
about this subject several times. Both | and he carige interested about physic's
history. | think that Argus is right. Even not hagiany argument in favour of the
Earth's mobility, there was new data that minedatheestral conviction that there were
two ontologically different worlds. As we know, Tya, who was a meticulous and
accurate observer of the skies, had verified thabraet passing near the Earth had
followed such a trajectory that it crossed the gpament crystal spheres associated to
several planets by Aristotle. These observatior®wvsd that the supralunar world
wasn't as immutable as it was stated. New starkl @ppear in it, not observed until
then; besides that, the existence of an Aristailestntiality of those crystal spheres
had been questioned for the first time.

As one can easily understand, periodic movemenh‘hdmten associated to
comets yet, such as with other stars. The time thkg to return to their trajectory
points closest to the Earth and the long yearsnduwhich they remain invisible
disallowed for one to admit that those comets wheesame ones seen several years
before. Besides that, Tycho observed a “Nova’aatsiat hadn‘t been visible so far and
then, all of a sudden, appeared in the sky. Hdigdrihat the “Nova” didn’t suffer from
parallaxes, indicating it was as distant as theerotftars. Once more, there were
evidences to show the illegitimacy of assuming therld that Plato considered
intelligible, as a world where the only change obsd was a simple change of position.
A world where the immutability prevailed or, at $¢aa world where the only change
observed, was a mere change of position. So caldsidies always returned to the
points where they had passed before. It's easiljerstood that Plato's postulate of
circularity and uniformity guaranteed it shoulddze

- Tycho Brahe's contribution was an important orelded Fabrus - in order to
open the way to the ontological unification Galileeeded, although Tycho carried on
defending the Earth's immobility.

- Both Copernicus and Tycho — helped Fabrus — semted the role of the
wizard’s apprentices by opening the way for Galiteostate what neither of them
dreamed could ever have been said! And that's Wioyris Kuhn, an important science
historian, said Copernicus book was more impoffianivhat it forced others to say than
for what it has written in it.

- Kepler — added Argus, - also him a Copernicadgedrup being responsible for
the destruction of Plato's inheritance of circtjaand uniformity, by introducing the
elliptic orbits for planets and for the Earth itsel

As we all know, the famous three Kepler’s lawslayealiscovering order:
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1*' The imaginary line that unite the planets to thm Sovers similar areas in
similar times.

2" The planets’ orbits are ellipses and the Sun desupne of the focuses of
that ellipse.

These laws were first mentioned in his bdddw Astronomypf 1609.

3 The square of the planets orbits' period dividgdHe cubeof the average
distance of those planets towards the Sun is daans.e. it doesn't change from planet
to planet.

This law is presented in his bodlhe Harmony of the Worldf 1619 and the
period it talks about is the time the planet talcesotate around the Sun and which, as
we know, for the Earth is 365 days.

- Explain that third law a little bit better — askkucius.

- I'm not writing equations because I've disappedhimyself once already by
trying to explain them to those whom do not knovattfanguage much. An old
professor of mine told me one day that, many tirpagsicists and Physics hide behind
equations. Although this is the language used bysies, it's not limited to math. It's
necessary to interpret those formulas and that'srevithe struggle is. If not, any
mathematician could be physicist and we all knoat tthoesn't happen - said Argus,
adding:

- We don’'t know how Kepler got there. He didn’tl te¢ that, but he must have
made several calculations to obtain that resultifguan already difficult period of his
life, he gets inspiration to try to achieve whatswansidered to be the Creator's most
profound secret.

As a neo-pitagoric, Kepler believed in an existihgrmony in celestial
movements, a harmony our ears were so used tathadg no longer hear it!

In the end, the harmony he discovered was the harrfar reason and not for
senses!

- And was that law so important? - asked Amadeus.

- Very important. Because later it allows Newton dscover his famous
universal gravitation law, associating it to thatcgetal acceleration law discovered by
the Dutchman Huygens and rediscovered by Newtosdlim

- Can you explain that better? — asked Lucius.

- I'll try. But in order not to complicate calcuianhs | will admit as a first
approach that the planets' orbits are circulars Was the first form Newton used to get
there.

Imagine you're in a theme park. As is usual in ¢hpsrks there are, amongst
others, some devices aimed to cause fear or otheti@s in people. One of those
systems is a sort of cylinder open on the top. Reepter the cylinder and then it starts
spinning. The people inside it are thrown agaihstaylinder’'s wall. It's like a force is
pushing a person against the cylinder. And thasqremwill feel more compressed
against the wall the larger that cylinder’s rotgtspeed — said Argus.

- Yes, that’s true and I've experienced that alyeaabreed Lucius.

And Argus added:

- Exactly. What the Dutchman Christian Huygens ngadawas to quantify the
acceleration suffered by a body while describing type of movement.

- You're talking about acceleration, but in a seaditle bit different from mine
— interrupted Amadeus and explained: - When | ghl&ut acceleration, I'm referring to
what happens when one presses a car's acceleratohem one presses the brake,
although in this case we’re talking about a deegien!

25



Dialogues on Quantum Physics

- You're right — agreed Argus, explaining: - In Blgg, speed isn't just a
number, for example, 100 k/h. We must also explibi¢ direction given to the
movement. We change speed by changing that nunWerincrease it to 120 km/h by
pressing the accelerator. We decrease it to 80 kvhdn we press the brake. We also
change speed when we turn the car’'s steering wieelause we’re changing our
direction. In that situation we also feel acceleratoecause we'’re thrown against the
seat's edges, meaning to the exterior of the beg¥e wurning into. When we press the
accelerator we're thrown against the car seathduoraking we’re thrown against the
belt that's fastening us to the seat.

- That's related with the Law of Inertia that Gedlfirst introduced in Physics.
Later on, Descartes and Newton reformulated itjritathe latter integrated that law
within a much wider frame of his mechanics — inégred Fabrus.

- Yes, we can say that — said Argus -, but whilkeirig about The Law of Inertia
and the role Galileo took on in his discovery, élfeompelled to talk again about
Galileo. As a matter of fact, it was him who annoesh The Law of Inertia for the first
time, but a different one from the one that Dessaand Newton announced later on.

- So did Galileo made a mistake? - asked Luciugrsed.

- Yes. And not just one — answered Argus, contiguirHe made several ones,
as it's natural for a man who was exploring a ptht, until then, no one dared to
explore. Meaning he was trying to describe matheallt and quantitatively the
movements at the Earth’s surface. But this wastypmistake!

- How’'s that possible? How can a mistake be prettyasked Amadeus,
intrigued.

- Because that mistake allowed us to follow andeustand the path Galileo
walked on to get where he got! — answered Argudingd - For Galileo, the inertial
movement was the circular and uniform movementthe perennial movements of the
skies being transposed into the Earth. Do you wakhow how he got there?

- Of course we do! — said some of us almost inamis

- Well — said Argus, starting his explanation. #s#y, Galileo built a pendulum
by nailing a nail to the wall and suspending a waré& with a weight on the lower end.

Fig. J1.5 — Pendulum freely oscillating.

Next, he set up a horizontal straight line arounklir@ of the wire's length above
the weight in a balance position. Then, he movedwhight to the left maintaining the
wire strained until it reached the height of theaight line previously set up. By
releasing the weight he saw that it reached theeshenght after making a circular
movement around the upper point of the wire stodké nalil.

Of course we know the weight doesn’t reach exaittht height because the
friction of the air and the friction of the wirexition to the nail causes the pendulum to
lose speed and ends up stopping at the end ofadesaillations. And that’s the reason
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why we have to wind pendulum clocks. We do it sat tlh exerts a force in order to
compensate for that loss of speed.

Galileo also knew this happened and that the heggdthed wouldn't be exactly
the same. But Galileo wanted to apply those movésnienthis world and for that he
knew he had to change it a bit, he had to bringedrer as much as possible to the
intelligible, mathematical world the Greeks hadntieed as a supralunar world.

For that, by means of an inductive reasoning, aestormed this world into a
world that could be described mathematically. Hd Haat in a world where there was
no friction, a world similar to the supralunar wayrthe pendulum would have reached
exactly the same height where it initiated its nmoeat.

Galileo had to adopt this method in order to makis tvorld of ours an
intelligible one. A world that had been thrown byp@rnicus into the sphere of
mathematics. A world that men had dared to desanildemathematical way a long time
ago. As | told you before, they did it because dusatently, they looked to a world
simplified by the limitations that their eyes impdson them. Now, he was doing it with
premeditation, deliberately. Galileo now simplifiglaat world, because otherwise he
couldn’t describe it mathematically. Galileo wadyolooking to the local movement
and, even that one that to be simplified. He hadxpurgate its “imperfections”, the
frictions, all which might contradict it. He coultierefore assess it by means of the
world movements to which the Earth was thrown tor & world of "perfect”
movements, for a world of eternal movements, faroald where movement could be a
state, meaning, it could stay. And this was totaljainst the Aristotle Physics where
only rest could be a state. Only rest didn’t needuwse to justify it.

- But how did Galileo get there? — asked Luciughgly anxious.

- I'm sorry, | got carried away - said Argus. - Isegjet back to the pendulum |
was talking about. After the first experiment, Gadi nailed another nail to the wall at
half a distance between the first nail and thezwomtial straight line he set previously
and vertically that passed by the first nail. Next, moved the weight to the initial
position of the first experiment and released it.

Fig. J1.6 — The weight reaches the same height.

The pendulum made the same circumference as tteeftperiment until the
wire hit the second nail. After that, it started kimg a circumference of a smaller
radius, with a centre in this second nail, reacthogever the same height it reached
during the first experiment.

Galileo was now ready to presume that the weiglbpped from a certain
height, without considering frictions, would reatttat same height regardless of the
route made. But he could made another experience.
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Fig. J1.7 — The weight starts to describe a spiral.

By placing another nail in the vertical positiontbé pendulum balance below
the straight line set up initially, in order fortd remain closer to the pendulum balance
position than to that straight line. He would th@ove the pendulum to the initial
position of the previous experiments, releasirgftiér. Such as in the previous one, the
pendulum would describe the same circumferenceé tinatiwire would hit this last nail.

It would then start rotating around that nail imer to reach the height it was released
from. And by not doing it so, it would start rotagi eternally around that nail if the wire
didn't start simultaneously rolling up and the nmoeat stopped.

Fig. J1.8 — The weight describes a spiral.

- This is interesting — intervened Amadeus. — Buw ldo you get from there to
the Law of Inertia?

- I'm describing the heuristic route followed by IB=0. | haven't finished yet.
What Galileo does next is no longer an experimieat tan be performed in a lab, it's
just a conceptual experience allowed by an indactigasoning based upon the
experiments I've just referred.

Galileo draws on a sheet of paper two inclined gdaas if they were the slopes
of two hills with a valley in the middle. He themaghs again a horizontal straight line
that intersects both slopes on the upper part.

Fig. J1.9 — Two inclined planes.
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He admits now that a sphere dropped from a hegésponding to the straight
line drawn would fall that slope and should clinfie tcontiguous slope until reaching
the same height represented by the horizontabstréne.

- But that doesn’t happen! — exclaimed Lucius, saeal.

- Of course not! — agreed Argus. — But what Galikedoing once more, and in a
deliberate way, is to simplify the world! He is aittmg that it would be lawful to
disregard the effects of the several frictionsitfdidn’t exist, if the friction between the
sphere and both leaned plans didn’t exist, thes, trengs would happen the way he
described.

- But how did he manage to convince the minds af ttme to accept that type
of procedure? The Aristotle Physics intended tadles things such as they seemed to
be before our senses. The new way of doing Phy#iesgpistemology that Galileo
wanted to impose, didn't want to describe thingshsas they appeared before our
senses. For that time, it should be somethingadiffito accept! — intervened Amadeus.

- Of course! - answered Argus. - Galileo intendsat tve abandon the attempt to
describe the world such as it appeared to be! Heaslafor us to accept the possibility
of using other models that could be mathematiaddigcribed! It was a huge jump that
not all minds were set to accept. For that, it wasessary to show them the Earth now
belonged to a world that had been, since a long tgo, object of a mathematical
description. At least part of it, the local movensethat have been, so far, the only
change attributed to that world!

We now see why the defence of the Copernican syst@srdirectly related with
this new epistemology! Now, the creation of mathgcahmodels could be predictably
assumed and not inadvertently like the astronomiectassic Greece and the Hellenistic
period had done! And that with the exclusive gotldescribing the Earth's local
movements.

- | understand it now! - cheered up Lucius. — Nowndtlerstand how hard it was
for Galileo to manage for the “owners” of knowledge accept this new way of
understanding the world that still had so littleoféer!

Now | understand why Galileo defended the Copemigstem! He did it with
the purpose to achieve a new coherence, a newotirkibowledge! Now | start to
understand why you always repeat that the defeh@ mntological unification was
concomitant with the defence of an epistemologicsfication.

- But you haven't said yet how Galileo reached lthev of Inertia, nor which
“pretty” mistake did he make! — | dared to intergen

- You're right — said Argus. — | apologise once enfar having returned to the
hard core of all of this. Let's get back to the timelined planes of the conceptual
experience | was telling you about. Galileo coutdvimake a new drawing similar to
the first one, with the only difference that the@sd inclined plane, the one in which
the sphere climbs up, is now less inclined intetiogpthe horizontal straight line
furthest than the first inclined plane intercepted

Fig. J1.10 — Two asymmetrical inclined planes.
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The sphere dropped at the height correspondertetdorizontal straight line
should reach the same height regardless of the.rdtiis way, the sphere would travel
a greater distance until reaching the horizontaigit line! Well, now it's easy to guess
which drawing he made next. Maintaining the finstlined plane and the horizontal
straight line where the movement would start, @alitirew a new horizontal straight
line parallel to the first one in the extensiontloé lowest part of the initial inclined
plane.

Fig. J1.11 - An inclined plane and a horizontal.one

If the sphere were to be dropped from the heighithefhorizontal straight line
from higher above, the inevitable conclusion wobé&lthat the sphere would keep on
moving continuously, because under those conditiomsuld never reach the height
where it had fallen from! As one can see, Galilesalibed phenomena by means of
geometrical images. Geometrical images like indirsd horizontal straight lines,
curves and spheres. Although using very simple g@&aenconcepts, and elementary
geometry, this was already the usage of a matheahdéinguage in order to try to
describe the phenomena.

- But you still haven't said which mistake he madee so-called “pretty
mistake” — intervened Fabrus. — As we’'ve seen, |&alreached the Law of Inertia
associated to a straight and uniform movementNleatton would use later on as one of
the pillars for his Mechanics and gravitation, thelanation of the stars’ movements.
We've already discussed this and | know this isrevfiee mistake will appear.

- Exactly — added Argus. — All of this is made la scale of a lab. Galileo will
now attribute dimensions to the inclined planes$ #na close to the Earth’s dimensions.
At this scale, the Earth’'s surface is approximateiscular; if the exit plan was
horizontal it would start reaching immediately hegheights, ending by reaching the
height from where the sphere had started. In tasé,cfor the movement to be able to
perpetuate itself, it was necessary for the exh@lto be circular, following the Earth’s
surface.

Fig. J1.12 — Law of the circular inertia.

Only in that way, the movement’'s height would alwaye kept at the same
distance as the centre of the Earth, perpetuatsadf.iAs we can see, Galileo ends up
associating the Law of Inertia to the circular amiform movement.
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Those are the perennial movements of the skiesngpdown to Earth. Or better
still, it would be the Earth ascending to the skiws that supralunar world where
perennial movements would be the circular and umfonovements. This way we can
see the origin of Galileo’s Physics. It comes fglifrom the sky. The perennial
movements were indeed the circular and uniform mmrés, both in the Earth and in
the skies. This was Galileo’s mistake. But a pratigtake, because it allows us to see
what a profound coherence he was looking to imptemide was unifying sky and
Earth's Physics, because the latter had ascendteolytthe Copernican system.

The silence settled in. Everyone was thinking amahting to end the excellent
lunch. It had lasted longer than usual, due tacthverersation distracting them. All tried
to internalize what they have just heard and nehé\rgus was escaping from that.

We ordered dessert and while we waited Fabrus ddcim restart the
conversation:

- | think Galileo’s thought became clear as welhas part during the scientific
revolution of the 1% century. We all know the problems he had whileedding the
Copernicus' system when, in a naive way, he cordifemself capable of persuading
the Church to accept that vision of the world.

- Presently, it's easy to understand that naivetgterrupted Amadeus. — The
men from the 17 century were heirs of the Renaissance thoughtiird a freedom of
thought that an eager recovery of the old knowlelolge unleashed. Many believed it
was necessary to conciliate that knowledge with @eistian faith. Maybe it was
exactly the conjugation of the Greek reasoning whth Christian faith that led so many
to believe that was the quickest way to reach Gbeé. neo-platonic Copernicus and the
neo-pitagoric Kepler are just some examples of ahmwider group of men who
believed that fighting the scholastic knowledget tbarrupted Aristotle's thought in
order to reconcile it with the Christian faith cdwlevate the Christian faith, giving it
the Greek rationalist attitude. As was inevitabl@fusion was great, but the final result
of it all was the advent of a new attitude thabvwkd reaching a new way to try to
understand the world, modern science.

- You're right — agreed Argus. - It's an excitingtorical period and very much
studied already. We understand this revolution, ek this name perfectly correct,
would have been impossible without the assumptiofteedom of speech allowed by
the Renaissance mentality. Presently, it's consdnghat, without the so called
Renaissance magic-natural mentality, without tHeucal mix it created, the freedom to
try to find new paths would have been impossible.

As we all know, the 18 century was characterized, in a cultural poinviefv,
as being a challenge century. Challenging the @lljpower scholars had. Only that
way we can understand that in Paris a thesis wesepted and accepted defending,
with evident exaggeration, all that Aristotle saids wrong. This thesis was defended
by Petrus Ramus or Pierre de la Ramée. | say thisunderline that, without
exaggerating much, what the"L.6entury meant leaving as a legacy to th& é&ntury
men was a pile of debris. And these ones, by fotiguseveral paths, had to find a new
way to try to understand the world.

They had to try to get a way to rebuild the edifafeknowledge from new
foundations. And that's how modern science emerfjedas Galileo who, in a very
consistent way, pointed towards that way. One ththiat the very strong influence that
Arquimedes had over him was one of the causesatlmated him to glimpse that way.
As we know, Arquimedes was the first one to redehlaws of Physics expressed in a
mathematical way. It's undeniable that the Lawhefltever and the Law of Hydrostatic
Balance were the first mathematical laws of Phydics these were laws that translated
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balance or equilibrium situations, where movemedn'dexist, situations of rest. It was

Galileo who found the way to extend the applicatednmathematics to the Earth’s

movements. In order to do so, it was necessargve the influence of Arquimedes, but
also, as | never get tired of repeating , the giienthat the Copernicus' system allowed
to extend to the Earth's surface movements the adethat, since ancient times, was
applied to the study of celestial movements.

- Many authors speak of an epistemological cut wémaking of the scientific
revolution of the 1 century — said Lucius. — | think that Kuhn usest term.

- Yes, but | don't agree — answered Argus.

- When talking about an epistemological cut of sleeentific revolution of the
17th century, one loses the general picture oftitee and one just looks for what
happened regarding Physics, the desertion of tieoNe Physics and the arising of a
new Physics.

| think it's unlawful to do so. We must look to eything that happened and, in
that case, we must say, as | have said before adetvmes, we will only understand
what happened when seeing if it was the ontologigafication brought by the
Copernican system that dragged the inevitable episibgical unification defended by
Galileo. Galileo was only applying the study of tRarth's surface movements, the
methods ancient astronomers had applied to the mewes of the skies!

The dessert arrived and was eaten without delagryene was eager to go
outside and enjoy the rest of the afternoon lookihghe landscape, such as the river
Sado, the rice fields and the trees typical of #raf. | proposed the return journey be
made via the road linking Alcacer do Sal to Tr&@ath to the Sado, to cross its estuary
on one of the ferries that connect the Tréia penant Setubal. It's always a pleasant
way to enjoy closely the Sado estuary with the Bida mountain range dominating it.
My offer was accepted and there we went.

This time the conversation began as soon as thetaded moving. Amadeus
was the first one to speak.

- | think we understood what Galileo’s main rolesywand here this word has its
full meaning, during the scientific revolution diet 17" century. But the way those
ideas imposed themselves and finally won consstaterocess that definitely wasn’t
peaceful. | know Galileo’s last book, the one yold tus about in which he presented
his first results of application of his new sciéintmethod, the first results of his new
epistemology, were published in Holland by Elseyieblishing and not in Italy as were
all his previous ones.

- That pronounced a “token passing” to the centrEwope known as having
advanced new ideas — agreed Fabrus. — The inteletérrorism carried out over
Galileo didn’'t stop him writing this last piece eddy after his condemnation and
humiliation.

The action led by the Catholic Church throughntitutions in order to stop the
advance of new ideas, ended up not being very tefeecDuring the 30's, Descartes
wrote theDiscourse on the Methaahd developed a whole system of Physics capable of
replacing the Aristotle Physics, although it shoveexhdical reasoning that in our days
we would consider naive.

His famous collision laws are an example of thatly@he first one was correct.
When confronted with that difficulty, his answer svthat those laws were valid for
perfectly hard bodies, bodies that didn’t actuahyst!

In a certain way, we can consider that Descartederaaradical reading of what
Galileo had initiated. He tried to create laws #orworld that only existed in his
imagination. Galileo didn't make that mistake.
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He always looked for the support of experience H ideas. He knew his
method needed to simplify that world, but that difrgation had as limits the need to
correspond, within an acceptable approximation,observations and experiments.
That'’s the reason why, while fighting Aristotle’sygics, he tried to show his ideas and
results achieved through them were less distann ftbe observations than from
Aristotle’s ideas.

- Can you give us some examples? — asked Lucius.

- | will only give you one — answered Argus. — \&ui, Galileo’s disciple
authorized by the Inquisition to accompany him ngrhis last years of life, tells in a
biography he wrote about Galileo of an experiméet latter made when he was still
professor at the University of Pisa, letting twalles of different weights fall from the
top of the Pisa Tower in order to prove, confrogitthe Aristotle position, they would
reach the ground at the same time.

Today, no one believes that Galileo performed #xigerience with the aim to
prove what Viviani states. Galileo knew both weggtitouldn't reach the ground at the
same time! Even if the shape of both weights waxtyxthe same, and if one of them
was made of lead, heavier, and the other one mhdem lighter, Galileo knew the
piece of lead would hit the ground before the pieteron. Galileo knew that both
bodies would only hit the ground at the same tifrarifriction didn't exist. We can all
perform a very simple experience that slightly eyeagtes the effect of the air friction
over two bodies that present a surface similanécair friction while falling.

Let’'s take an A4 sheet notebook and separate otteosé sheets. Let’s grab the
notebook with the right hand and the sheet withi¢fiehand, both at the same height. If
we drop them at the same time no one doubts tleanthebook reaches the ground
much sooner than the sheet.

Apparently, Aristotle's Physics described this mreanon with a wider
approximation. Galileo intended now to explain thevement, admitting the air didn't
exist, a practical impossibility. Galileo had tdléov a strategy that recurred once more
to induction. For that, he would choose two bodiesh heavier than the notebook and
the paper sheet. Like two metal spheres so thatEtréh’'s attraction effect would
override in a more evident way the resistance effexair exerted over the two spheres.
The time period between the arrival of the leadesptio the ground and the arrival of
the iron sphere was now shorter than the time gebetween the arrival of the
notebook and the paper sheet. He could also cansigdemetallic and pointy objects
(such as two totally metallic spears) so that thee tperiod between the arrival of the
lead spear to the ground and the arrival of an sfear, dropped at the same time, was
even shorter. Galileo was mining the Aristotle estant that the speed of a heavier
body falling was bigger than the speed of a ligbtzdy.

- It's a kind of guerrilla war — dared Amadeus &y.s

- | don't agree — answered Argus. — Galileo engageda war on all fronts. He
mined Avristotle’s Physics showing his epistemol@gyl the resulting laws were much
more in accordance with the experience data ifoekdd at them from the position he
wanted us to. But he also resorted to purely ldgioguments.

A logical argument was used by Galileo in orderetpually fight Aristotle’s
statement that heavier bodies fell down at a fagieed than less heavier bodies.

Let’s imagine two bricks that fall separately andhwequal speed. Let’s also
imagine that at a determined instant during thetfialy unite. Would that be the reason
why both bricks would start falling faster for ctinging a set, a heavier body than
either of them considered in an isolated way? Tissvar was obviously no.
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Another argument of that same type came from tluatsbon by which a heavier
body and a lighter body were dropped from the sheight. If Aristotle was right, the
heavier body would fall faster than the lighter ol now both bodies were dropped at
the same time, but bonded to each other, one naglhtone question. Will the lighter
body slow down the heavier body within its fall?

If that was so, we would reach the absurd: a hedwely, i.e. a set of two
bodies linked to each other, would fall at a slogjeed than the hevier body, being the
heavier body considered in an isolated way.

- Interesting arguments — added Lucius. — They sldotlvat Aristotle’s Physics
was auto-contradictory, meaning it wasn't conststen

Argus concluded:

- Galileo was able to prove it, but it took two tisand years, from Aristotle to
Galileo, for that to become evident!

- The conceptual frames in which we move is whastdifficultly changes —
intervened Amadeus. — And this one, in particutad been silted up during all that
time leading men to identify the world with Aristess ideas.

- That wasn't the last time it happened duringhiséory — added Argus.

- What do you mean by that? — asked Lucius.

- It's a long story. Let’'s leave for some other ¢init’s already late and we're
arriving in Lisbon.
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SECOND JOURNEY

During the last journey, Lucius, excited with thengersation took the initiative
to schedule the next meeting.

One of Amadeus’s friends had a bookshop in Bairlto &vhere debates were
held at night time regarding all sorts of themes.

The owners were a couple of Philosophy teachers, wha daring move,
committed themselves to create a location wheratdslcould take place, the kind of
debates that don’t cross over the barriers of theeusities and that don’t occur there
too often. TheEternal Returnwas a quiet but nice place located at no 42 Ru&.de
Boaventura. Amadeus was responsible for the chofidis location, since he was a
regular of these debates. The meeting would be drela Wednesday. We all got there
almost at the same time. At 9 p.m. we were allaalyeseated at the same table. The
room had book shelves in several points, six taldegiano and a counter at the end
where one could get some drinks.

- During our last conversation I've learned how mwdscience had begun — |
started. — What are we going to talk about today?

- | think we shall not continue talking about Plegsihistory from the point
where we were until today! Or do you want to da théerius? — questioned Argus.

- Maybe we could all learn something — | said.

- Definitely! By knowing Physics’ history we cantber understand the problems
that arose and those we face nowadays — repliedisab

- Of course! — added Argus. — | totally agree withbrus. But | would like to
reflect upon the main problems that Physics préséates. If we talk about Physics’
History it will have to be in a succinct way, ortckling the big steps and not the small
ones or the details, as important as they mighe leeen for that time. It will always be
a History of Physics’ ideas.

No one disagreed. It was Lucius who tried to itétitne debate.

- | think we all understood, during our first consation, the meaning of the17
century scientific revolution. Galileo showed thaywHe only committed to describe
mathematically the local movement. Modern Physias become more modest: it
stopped intending to describe Nature in a globahfo

Amadeus decided to interrupt:

- But did Science give up trying to understand uxatglobally? Is Physics,
which stems from the Greek wopthysis meaning Nature, giving up its initial purpose?

Argus intervened:

- The 17th century scientific revolution definee tpath to be followed, and the
method to be used. The path followed until then wasn out, ineffective. The
proposal, such as everything that's innovative, waie daring. Galileo managed to
obtain the first mathematical laws that describe lbtal movement. As I've pointed
out, only the local movement was being handled. Aatithe broad sense movement
given by the Greeks, the change, Brvir’. Galilee Physics was much less ambitious

3 NT: Devir is a philosophical concept to qualify continuous change and which implies that all
things are perennial. It can be literally translated as eternal change, in the words of Heraclitus.
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than the Aristotle Physics but, regardless of tha@hor ambition, amongst the
Discorsi... of Galileo, it was published in 1638, and NewMathematical Principles
of Natural Philosophy, was published between 1684 4687, only half a century
divides them, the new method was definitely muchenpyomising.

- Promising to describe the local movement? —askeius.

- Of course! — answered Argus. — That was Gallextudy purpose. That was
the cognitive gain of the scientific revolution kit the Physics’ domain. The proposal
to reduce the object of study to the local movemeaoked now apparently correct.
Although, as we well know, that wasn’t immediataticepted by the cultured Europe of
that time, because Newton’s Physics only begaretgdmerally accepted from the 30’s
of the 18" century. But it was an inevitable acceptance.ddjsacity of describing with
great approximation the phenomena related withdate movement was huge.

- But if that was so, why did it take so long betwahe introduction of the new
scientific method and the acceptance of its appiinaesults? — asked Lucius.

Argus smiled and answered:

- That question makes much sense. But only to snen@do doesn’'t deeply
understand what science is and how it evolves,beasurprised with the time it took
until the acceptance of the consequences of thenmetivod.

Scientific activity is mostly subject to the samenstraints as other human
activities. The masters had learnt Cartesian Phyarad that was the one taught in
universities. The resistance is gigantic when oies to abandon a theory and replace it
with another that rejects the ontology, meaningnisaphysics of the old theory which
supports itself. And this happens even if the negoty proves to be more capable of
describing phenomena.

There were philosophical reasons not to accept bl@witgravitation. By
unifying the earthly Physics with celestial Phystgalileo forced the same causes to
produce the same effects. But Newton’s gravitateased an ontological problem. And
what was that?

Even those who accepted the new method didn’t peldcaccept the existence
of a force between, for example, the Sun and tiithEé&/e know that a rock into a sling
describes a movement almost circular. But thabidbecause there is something that
holds it to the centre of that trajectory, meartimg cable that keeps the rock linked with
the hand that causes the movement. But where weac#ble” that linked the Earth to
the Sun? What is that forces support?

It's in that context that Newton’s famous senteadses hipotesis non figh
meaning “I don’t create hypothesis”. The matheoa@texpression for the gravitational
force, as we all know, is proportional to the prodaf the mass of the bodies that we
are considering and to the inverse of the squarthefdistance that separates them,
allowed calculating with great precision for thertBas trajectory around the Sun or
Mars trajectory around the Sun, etc.

As a pragmatic would say, it worked.

This was Newton’s answer to the objections madthbyCartesians and Leibniz
himself regarding the general acceptance of that la

- Leibniz didn’t accept it? — asked Amadeus.

Argus continued: - He didn't accept Newton’s gratian because he didn't
understand its cause. Which was the physical sugporthat action to take place?
Leibniz invoked the principle of sufficient reasowhat we would call today the
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principle of casualty in order not to adhere enigsigcally to Newton’s ideas regarding
the gravitational realm.

- You mentioned the Cartesians, but you didn'twhgre you stand!

- added Lucius.

- You're right — answered Argus. — It would be onant to talk about
Cartesian Physics because that’s what replacetiofle's’ Physics in universities, but |
won’t take much time with it.

It was a Physics founded in metaphysics able daoapy the Aristotle theory
that we talked about. Il will not detain myself tire details of that metaphysics. | will
just say that it was founded in the conception binaverse completely filled by matter,
identifying the space with matter itself, meanihgre was no space without matter or
matter that didn’t occupy space. There would beessvypes of matter, such as “subtle
matter” that would occupy all gaps and that wouldrgntee the fulfilment of all space,
“celestial matter” would take on a spherical forndahe “rougher matter” that would
constitute planets.

From this ontology it would be possible to assutma planets would circulate
around the Sun, being dragged by a whirlwind ofé'sial matter” centred in the Sun.
As a matter of fact, it considered all stars astresnof similar whirlwinds. The
whirlwind around the Sun would be the cause fongla to move around it and that
would be the interaction support between the Sud the planets that could be
described by Newton’s gravitational force. Howeagt force expression would have
to be deducted from another metaphysic, i.e. fraotleer vision of the world.

- It's an interesting idea — interrupted Amadeus.

- Maybe, but neither himself nor his followers mged to deduct Newton’s
gravitational law from such a conception of the MioANnd yet, it was this Physics that
was taught in the universities for many decades.

- How was that possible? — questioned Lucius.

Argus replied:

- Descartes was a Philosopher that left an indelibark in European thought
during the 1% century. Leaving an Aristotelic conception of tiverld implied the
search of another one with whom it could be egemnialOne conception that accepted
the Copernican system. The Cartesian ontology swesented itself as the most
complete and coherent one. And that, together thth prestige of a thinker like
Descartes, was the reason why its metaphysic apsigshcould have been integrated
within the universities’ teachings. And this, redjass of the fact it was unable to
quantify the way the phenomena was related withllovement.

- Nowadays that would be impossible to do! - deézhbucius.

Argus continued:

- Not under the terms how it happened in the beginof the 1% century and
in the beginning of the IBcentury. But in the 18th century, after the acaepe of
Newton’s Physics, something similar happened intr@roPhysics domain. Newton’s
mechanics and gravitation managed to describe nvdhieasonable approximation the
movements observed at the surface of the Earthwéthth the solar system. However,
Newton’s optics that were also accepted duringdligury under the protective shadow
of mechanics and gravitation, revealed difficulties describing some luminous
phenomena.

If one had looked to Huygens optics more carefuflygne had taken it more
seriously, they would have observed that it descridmost everything about Newton’s
optics and some more phenomena that Newton’s ogithst manage to describe. It
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only failed to describe a phenomenon easily desdrity Newton's optics: the shadow
phenomena.

- Maybe there were not neither experimental toalstheoretical tools, at that
time, allowing deciding between those theoriesggssted Fabrus.

- That's not totally true — answered Argus. — Wile means of the time one
could have easily verified the inaccuracy in Newtostatements regarding the
phenomenon of double refraction. On the other h&hdgens' theory described in a
correct and quantifiable way the behaviour of tbecalled extraordinary ray when
incident in a parallel or perpendicular way the msymmetry plan of the birefringent
crystal.

- What crystal is that? — asked Lucius.

- It's a simple calcite crystal with the form ofraombohedron. If you place a
crystal of this type over a sheet with a writterttgou can see the lines of that text
duplicated, meaning that each light ray falling miporesults in two refracted rays with
different properties — augmented Argus.

The first one is called an ordinary ray becauseeitaves like a normal refracted
ray over a surface of separation between two @iffeoptically mediums, such as for
example, air and water.

The second one is called an extraordinary ray lsecéubehaves in a different
way from the ordinary ray.

Of course Huygens managed to describe the ordirefrgction phenomenon
with its conception of light, but the most interaegtfactor was his capacity to describe
the behaviour of an extraordinary ray. He managedescribe the behaviour of the
latter explaining it in a way that could be peadgfintegrated within the general
picture, in ontology, in which its optics was basgbn.

- And what’s that picture you're talking about?uegtioned Lucius.

This time it was Fabrus who answered:

- Huygens admitted that light would be a disturlearaf a medium. A
disturbance that would propagate into that mediara similar way to that of a liquid’s
surface waves.

However, | should add that there was a differeretevéen Huygens’ luminous
waves and sea waves. As we know, these oscillateparpendicular direction to the
propagation direction. According to Huygens, lumisowvaves would oscillate in a
direction coinciding with the propagation direction

You want an image | could state the oscillations aofvery large set of
juxtapositioned springs and with a body with masghie connection points. A small
movement of one of the masses into a collinearctime on the axle of a spring set
would cause an oscillation along the axle. Theseeware called longitudinal waves.
Huygens admitted that, beyond a spherical waveh aag the case of the normal
refraction, there would exist a simultaneous etligal wave inside the crystal. Such as
Argus stated, this assumption managed to desaribeguantitative way the form under
which the extraordinary ray would behave inside ¢hestal when incident parallel or
perpendicular to the main symmetry plan of the talysWhen incident on other
directions, this description didn’t conflict withhat was being observed, regardless of
the fact it didn’t manage to describe it quantually.

- But wasn’t that an important argument not to pt@® — asked Lucius.

- It would be if an alternative theory could haveplained it — replied Argus,
continuing: - That wasn’t the case. The rule thawwbdn introduced to describe the
behaviour of the extraordinary ray was incorrect @mat mistake could have been
easily checked with the means available at the.time
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This is a good example of what Lakatos called tkgative heuristic of a
scientific research program associated to a deteusnmetaphysics and consequently to
a determined vision of the world.

Naturally, the Newtonians of thetf[&entury preferred to privilege phenomena
more docile to the integration within the Newtoniawrld conception, within the
domain of mechanics and gravitation: what Lakaaléed the positive heuristic of a
scientific program. They were less eager to caefutalyse the phenomena in which
the metaphysical frame they moved in showed lgsaaity to describe.

- But wasn't the study of light a theme far too artpnt to be neglected like
that? - asked Amadeus.

- Of course it's an important theme, besides basgpciated to eyesight, a sense
we all privilege. But in the 1B century the success of Newton's mechanics and
gravitation outshone the study of luminous phenamédimat was the main reason why
the Optiks of Newton, written in 1704, made us forget fhmité de la Lumiereof
Huygens, published in 1690. It remained in the shedfor more than one hundred
years.

- You mean that no one looked to refute Newton’'scspfor more than one
hundred years? — asked Lucius, surprised.

Argus smiled and answered:

- In reality, in spite of the less favourable epniment, there were those who
wanted to undermine the credibility of Newton'sioptduring the 18th century. | will
talk about one case.

As many of you already know, Newton studied theavedur of the light
propagating in prisms. A prism being a glass palgiped with a triangular basis.
When the sunlight shines upon one of its side fétedecomposed into the colours of
the rainbow while crossing it. Therefore, a lensosd section can be close to a
succession of prisms, causes a similar effect. biewot to the conclusion that it would
be impossible to build a lens that didn't suffenirthis type of problem. Meaning it was
impossible to build an achromatic lens. A lens thatldn't suffer from the "disease" of
producing an image with the colours of the rainbthe, so called chromatic aberration.

However, Euler noticed there were natural lenses,eyes, that behaved like
achromatic lenses. As a matter of fact, our eyest diecompose sunlight into several
colours of the rainbow. This was the beginninghaf heuristic process that led Euler to
demonstrate, during the 40's of the 18th centurg, gossibility to build achromatic
artificial lenses.

He proved that, by associating two transparentcaptnediums with different
refraction indexes, we could build achromatic lengdéhis result allowed, shortly after,
for Dollond, a British lens manufacturer, to produhe first achromatic lens.

Here we have an excellent example of a theoretmadtraint to the instrumental
development. For half a century no one dared ttdkan achromatic lens because the
theory forbade one to do so! | should add that Ewkes a Leibnizian. And as such he
didn’t accept the metaphysics that supported aNl@ivton's Physics. And that was the
reason why he was impelled to denounce this efrblesvton's optics. It's necessary to
remember that Euler didn't manage to create a yhebdight based upon Huygens'
wave conception. But this episode highlights thet fhat a theory can erase constraints
to the development of new instruments.

- Is it possible that still today something similsuhappening? — asked Lucius.

- Everything points to an affirmative answer — sArgus. — However, it's not
possible to say it for sure. Within the scientifiterature of Physics, in magazine
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articles and books written in the past 20 yeamsetlare many proposals of experiences
that are based upon theories alternative to the coimonly accepted.

Strangely enough, these proposals did not leachéoperformance of those
experiences. Maybe something is happening simdawhat happened in the 18th
century. Presently, not among the Newton and Huygeonceptions, but among
Bohr’s indeterministic quantum mechanics and therahtive more general nonlinear
causal quantum physics, inspired on de Broglie2asd

These situations are recurrent. | remind you tiia¢r cases existed, before and
after the conflict between Newton and Huygens enniture of light.

Let’s not forget Aristarco that already in th& 8entury before Christ proposed a
heliocentric model like the one Copernicus propdadtie 16' century.

In this case it wasn’t only one hundred years,dsatind 1,900 years! Of course,
in this case, human societies had a rough life éetwthe Hellenistic period and the end
of the so called Renaissance, and only among thtatral “soup” were there conditions
that allowed this proposal to develop. And we alow how new science rapidly
allowed the creation of new instruments such asb#st clocks, and here we need to
mention Huygens' work.

- Are you highlighting the fact that physical thesrallowed the creation of new
instruments? - asked Amadeus.

- You're right. I'm doing it because | consider thapacity of building new
instruments until then inconceivable, the last emimk of what a theory must overcome
in order to be accepted as a physical theory — amgivArgus, continuing: - Without
falling into an immediate or utilitarian pragmatmosition, | think this is the last
criterion that a theory must overcome. There dnerst of course!

The first criterion is to agree with the phenomeme intends to describe,
always within certain approximation. But this cribed doesn't get rid of theories and
mathematical descriptions that are in accordandk thie phenomena observed, with
allowed precision in a determined historical perdod that, we know today, may not be
more than a simple formal construction without tagest capacity to extend our
capability to act upon the world.

| am talking, for example, about astronomic modt#dat used to express
themselves by means of geometric constructions sscthe deferent and epicycles,
whom with the ancients intended to describe theemmnts of the stars in the skies -
and what an achievement that was!

What we manage to do these days by launchinglisegeihto space or probes
into other planets is something those models cdudshen conceive.

With Newton’s gravitation and other physical thesrthat, in the meantime,
were created, we were able to do so.

The second acceptance criterion of a physicalryhisahe ability to predict new
phenomena. | can give you a famous example of Bhysstory: the so called Poisson
luminous point.

This event is part of the conflict between botmaaptions of light already
mentioned, i.e. Newtonian corpuscular conceptiahtnygens wave conception.

In the beginning of the {9century, period during which one still savoured th
successes of Newton’s gravitation and where impoparsonalities stood out such as
Laplace, Lagrange, Monge and Poisson, amongst rotieys defenders of Newton's
conceptions, Augustin Fresnel, a French bridge @mdement engineer has created a
light wave theory that was able to describe allihons phenomena known then.

Already in 1800, an English medical doctor, Thorvasing showed that when
the light originating from a unique luminous soupassed between two small holes and
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with little distance between each of them woulddu@e on a target placed after what
we call an interference image, such as we see andthwing - and he makes the

drawing:
wﬁ m m

Fig. J2.1 — Young experiment.

N/
2N

A corpuscular conception of the light, meaningoaaeption for which the light
would be composed by corpuscles that move in &ghktréne from the emitting source
would have much more difficulty in explaining tl@gperimental result.

This phenomenon is easily explained admitting thatlight is made of waves.
Fresnel theory was able to explain it perfectly.

The light source emits a wave that by arrivingtreg screen with two holes
originates two waves. These two waves shall prapagad overlap. It's exactly this
superposition that explains the interferential grattwe can see at the target. We say
both waves interfere with each other. On the powitere both waves’ crests mix, a
bigger wave is created originating a much moretédharea. It means that the joint
action of both waves is reinforced. In the areashich a wave's crest overlaps with the
downcrest, they end up annulling each other thiggsnating the absence of light.

In this case, the wave conception of the light bes the possibility of
explaining the appearance of shadowed areas akernaith lighted areas. On the
contrary, the corpuscular conception cannot explarappearance of shadowed areas.

- | think | understand — intervened Amadeus. — Bt were talking about the
capacity that theories have to predict new phenanaem you've mentioned, and I'm
not sure I'm saying it right, Poisson’s point.

- Yes, you're right - commented Argus. - | wandeo# the subject for a bit, but
it was necessary.

As | told you, Poisson was a true Newtonian andlide't easily accept a wave
conception of light. Another characteristic thatd83on had was of being an excellent
mathematician, allowing him to perform calculatiomgh great accuracy. He devised
the following experiment.

Let's imagine a point like source. A black box hwidne light inside and a small
hole on one of its sides is a good proximity oftsacsource. Next, one places a circular
object in front of that hole in order not to stay tfar from the vertical to that circular
object that passes along its centre.

By using the light wave theory of Fresnel, Poissas to predict what would be
the shadow's form the circular object would propgedn a wall placed behind it. Let's
not forget that it was their very shadow phenonmtémeahuge argument presented against
Huygens' light wave theory about one century before

By adopting Fresnel's theory, Poisson verified thare should be a luminous
point exactly upon the centre of that shadow swcbree can see in this sketch - and he
— draws Fig. J2.2:
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Fig. J2.2 - Poisson's point

He presented this conclusion as a refutation ésri@l’s theory.

As it would be natural, since we are talking abestientific statement, it would
be necessary to experimentally confirm if that lmous point existed or not at the
centre of the shadow.

The experiment was made accordingly and the luosrmint appeared at the
centre of the shadow as the wave theory predicted!

This is a case by which a theory's prediction, uspected until then, is
confirmed. And this is the second validation craerfor a scientific theory, that is, the
second criterion which allows us to conclude tha theory, at the scale we're
describing reality, constitutes a good approxinratbthat same reality.

But that criterion still has to protect itself agst a risk. We know it was
possible to predict Moon eclipses before Newtorégimnics and gravitation appeared.
And we also know that mathematical models thateskas support to that phenomenon
prediction cannot be considered theories due tdattethat they didn't verify the last
validation criterion of a scientific theory. Withdse models we couldn’t build what we
build presently with the physical theories we have.

- Are you saying that the ability of a theory atllag us to build new instruments
IS, in an ultimate analysis, the last validatiomecia of that theory? - asked Lucius.

- Exactly — said Argus. — | think that's the lastd most decisive validation
criterion of a physical theory. The possibility trelows us to build new instruments,
therefore increasing our action ability in the vdorl

This criterion shows the existence of a majortr@heship between the world and
what we think of it, between the world and our tles

Of course we need to emphasize that it alwayssetethe scale by which we
are describing this world. The world is far morengex than the theories we painfully
build. The relation between our theories and whay tintend to describe is always an
analogy relationship and never an identity relaiop.

It would be good if that was clear to all, inclngimany scientists, so that their
attitude towards science would be wiser than guently is.

The most paradigmatic historical example of titigumle was of the Newtonians
of the 18" century when they stated there was just one wanid that Newton had
discovered the laws to that world. They believedvida only left to his descendents
the task to add decimals to the precision with Whie could describe this world.

Time has proven how wrong they were. However, est mechanics and
gravitation continue today being useful to descthreeworld at a certain scale. At that
same scale we were allowed to increase our alofigction in the world and that's the
reason why we use it today.

When we send a satellite into space, we use Nesvioechanics to calculate its
trajectories. But we also know now the world is f@ore complex than Newton’s laws
made us suspect. When passing to the atoms’ sbeetown’s mechanics and
gravitation stop verifying the first criterion I'veentioned - its capacity to describe the
observed phenomena.
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- Are you generalizing that criterion to all thesr created so far? - asked
Lucius.

- At least it should be generally applied to pbgbitheories - answered Argus,
adding:

- All well established theories in physics inebitado verify that criterion.

- Can you refer some of them? — asked Lucius.

- | will point out three of them, the ones thatlhg matter for what I'm about to
tell you - answered Argus. - First, Newton's meatsm@and gravitation that | already
talked about; second, the electromagnetic fieldphand third, quantum mechanics.

- Did all those theories respect those criteriaSked Lucius.

- These three theories respected all criteria thmaentioned before and all of
them did overcome the last criterion with succesxreasing our action ability in the
world - enlightened Argus.

- Is there any physical theory that didn’t overeoall those criteria? — queried
Lucius.

- If they didn’'t overcome all those criteria theguldn’t be considered physical
theories — explained Argus. — At most they couldcbesidered as physical theory
projects, associated to scientific research program

- Are you defending that one shouldn’t continuénteestigate more within those
projects’ frame? — asked a stunned Lucius.

- That’s not what | said. On the contrary! — an®geArgus, explaining: - | think
all theories should have a "gestation" period, thierion shouldn't be imposed at first
in order to prevent its natural development. Nogrethe first criterion | referred to
should be imposed in the beginning.

- Hold on! Are you saying a certain theory shobéable to subsist, regardless
that its consequences are not in accordance wehreBults of the experiences or
observations? — asked Lucius, astonished.

- Of course! — answered Argus. — | already memiibio you one case where that
happened. Do you remember when Copernicus progbseleliocentric model for the
Cosmos, such as, previously to him, Aristarchuswditin the greek-hellenistic period,
the big scientific argument against that proposas whe non-observation of the stars'
parallax.

As we know, only in the beginning of the ™ @entury did one manage to
observe that effect produced by the Earth’'s moveénaeound the Sun. But then
everyone already knew the Earth was moving aronedSun. The great majority of
astronomers of the f6century and beginning of the "L &entury didn't accept the
Copernican model and one of the reasons for th#tudg was exactly the non-
observation of the stars’ parallax.

This is a classic case, already well studied, émfightens what | was saying. |
could point out another case, also already mentiovéhen Huygens proposed a wave
theory for the light, one of the arguments due tucW it wasn’'t accepted was its
incapacity to explain the shadow phenomenon.

Apparently, a corpuscular conception of the liglanaged to do that with little
difficulty. We know this constitutes a rough sinfigiation of what's been observed.
The surface of the separation between the shadeavard the lighted area is not that
clear. Looking at it more carefully, one would olv&ea succession of bright and dark
areas that would indicate the phenomenon couldn’thlat easily explained such as a
corpuscular theory might suppose at first sight.

As | already told you, the wave light theory yed to be more capable to
describe all luminous phenomena about one centfiey. &Here's another case that
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highlights the dangers of a rushed judgement ajrtbs. It's not fair for one to demand
from an emerging theory, in this case the light &vtheory, a total concordance with the
phenomena it intends to describe.

- Are you saying we should support all theorieattbome along?! - asked
Lucius, surprised.

- All theories that assume they have to try teeagwrith the experimental results
should be supported. We should support them, it ggod sense - said Argus.

- What do you mean by that? — asked Lucius ona@mo

- | mean we cannot support in an exaggerated aither financially or in terms
of human resources, projects of theories that arbegsause they haven't managed to
prove themselves capable of increasing our capactiaction in the world. Projects of
theories of which we can't foresee the possibihtycreating new instruments based
upon the theories those projects intend to arrivé’hysics history during the second
half of the 20th century give us clear examplewladt I'm saying - replied Argus.

- Be more explicit — asked Lucius, curious.

- The instrumentalism associated to the thoughtlJain Dewey must be
transformed in the last validation criterion ofcestific theory. Integrated in a realistic
conception is of great importance to denounce \haat been the theoretical Physics
during the second half of the 20th century andhim beginning of the 21st century -
answered Argus, adding:

- With this | mean that the gigantic investmeiher financial or with the lives
of intelligent people made in institutions like CERwasn't useful to the creation of
theories that managed to overcome this last avitetihat | name as the effectiveness
criterion. The criterion that proves theories apable to increase our action capacity in
the world. As | said, this criterion is the lasbpf of existence of some relationship
between the world and what we think about it.

This is an ontological argument that inevitablgtdnces it from a pragmatic
attitude such as Dewey’s. Besides that, | think tha ability to painfully understand
what surrounds us, inevitably reflects the worttharacteristics, in accordance with a
secular and realistic position that assumes welmgething emerging from the world in
which we are part of.

When looking for the Truth, we aren't recallingrauth we could access in a
previous existence, such as Plato stated; we anéimpout characteristics also existent
in ourselves. The Truth is inside us, because weaad act in accordance with the same
laws. This is the way | understand Kant’s "Copeainicevolution" — stated Argus.

- That's a materialistic position! - intervened &daeus.

- If you want it, but | do not like the term “maitism” nor the term “matter”.
The word matter is too polluted for us to use ith@ut any care in the world — said
Argus.

Matter, such as we see it today, is far more cempiian18 century man could
admit. Quantum physics proves it. Niels Bohr Plufdsy teacher, Harald Hoffding,
said if we don’t want life and thought itself tovieaborn from a divine touch we must
find something similar to the behaviour of thougbelf within matter's behaviour. It's a
very clever statement and with a profound meanirigs would imply that what is
generally called matter already had the charatiesithat led to the appearance of life
and thought within itself — the ability to reflagbon oneself.

- Does that have anything to do with Bohr's quamtnechanics? - asked Lucius.

- Very little. To Bohr it was necessary to provee tdifficulties to access
knowledge. To Bohr, it would never be possible oW if those difficulties resided
within the characteristics of the matter itself,deall it this lacking a better name for it,
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or within our own ability to understand. To Bohmis necessary to prove the limits of
our ability to understand the world in a rationaywand that's what the principle of
complementarity tries to express.

- You're mentioned that principle several timemterrupted Amadeus. — That
theme interests me. When can we finally talk alitGut

- Patience - asked Argus. - | would like to talstfabout other themes in order
to prepare the way to talk about that principle.

- Oh Argus, you were just talking about the hugeestment made and still
being made in institutions like CERN. In your opinj such investment wouldn't have
contributed for theories to be developed that sssfodly overcome all validation
criteria of a physical theory - interrupted Lucius.

- That was at least the goal of that huge investmigut we must admit with
small results - added Argus.

- But something similar happened between the dotcbon of Faraday's idea
about the physical field, between 1815 and 182% #ppearance of Maxwell's
electromagnetic field theory, between 1887 and 18&& was a forecast of Maxwell's
theory - intervened Fabrus.

- | can't deny the facts you've just referred tagreed Argus.

- But in order to compare the period you've jusiiioned and the second half
of the 20th century within Physics domain, it's essary to compare the financial and
intelligent people's investment in those two pesidfiwe follow that road, productivity
in science is clearly unfavourable during the secbalf of the 20th century. And it
can't be used as an argument that today it is sagefr more money and bigger teams
in order to go forward in the Physics domain. lisweever easy to advance in terms of
knowledge, whatever the time being considered. ¥ret cay that presently it is more
difficult than what has been until now. That woukl/eal an inadmissible disrespect
towards our ancestors, allowing the future genematito say that advancement today
would have been easier than it will be in the fatUPresently, one invests in science
much more than in the past, but the results anesct#/e are all told that investment is
necessary for Physics to evolve. We are then abligeask: if that's so, why doesn't it
evolve? Theories' projects created in researchreersuch as CERN didn't manage,
don't manage, to overcome all validation criterfaactheory, namely the last one |
stated, which has the ability to build tools thatrease our action capacity in the world
from those same theories. It's not just about pramgonew instruments based upon
previous theories necessary, that one can buildinswuments based upon the theories
we’re trying to develop. After that step, we caerthstate that the logic associated to
those research programs, the positive heuristictiored by Lakatos, imposes that
investment. The question that | present here i# dsally necessary to go down that
road? Wouldn't it be more useful to look at pheneanm another way? Wouldn't it be
preferable, given the more than evident crisishsas Koyré said, to meditate again
upon the grounds of what we’re doing?

- But are there alternatives? — asked Lucius.

- Of course! — answered Argus immediately. — lisacceptable to make
disappear other research programs within Physaiscttime from different assumptions.
Programs that come from other forms of metaphydits.impossible to build on
Physics without a previous metaphysic. I'll give @ample. We can state the electron
is still today a particle without structure for feeresearch programs within the domain
of Physics developed in research centres such &NCEhere are concurrent research
programs that propose experiments with the gogdréwe that a photon has an inner
complex structure. Furthermore, experiments thathmaperformed at a very low cost.
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If there is an elementary patrticle in Physics witthe present state of our knowledge,
that particle is the photon. The electron, a puittihout structure for research programs
of institutions such as CERN, is for other concotreesearch programs a gigantic
particle regarding a photon.

- But nowadays great investments are necessapg table to attain the height
energies necessary to perform experiments thatotrevolve in the study on the
structure of matter - insisted Fabrus.

- In accordance with the positive Heuristic thegegarch programs follow that's
the outcome - replied Argus. - Many times, andrsmehistory is prodigal in giving us
examples of that, it becomes necessary to followtrear way, another research
program that allows us to move forward in a moreative way. Often it becomes
necessary to change the vision of the world, ogtglso that difficulties that arise to
the intelligibility of this world may collapse, Bast provisionally.

Argus looked at us and continued:

- | want to call your attention to a danger emaggwhen investments in
scientific research reach the present values. Thesstments are linked to interests
that have nothing to do with scientific goals. &ce last goal is the search for the
Truth, even recognizing that during that search revgust climbing steps that
correspond to a phenomena superior intelligibdityte, that isn't the Truth!

It's necessary to remember there is a whole imgugtat produces the
instruments, whose functioning is based upon prevtbeories well founded and not on
theories' projects in question. This industry ddfgnas is natural, its own interests.
These goals may not coincide with the goal of smemn this there is a danger of the
same companies promoting the research programgitvextthem more proceeds. It's
necessary to be very much aware of that danger.

Another danger is confusion, a very common onéstext in many minds,
between technological and scientific research. fihge technological progress that
happened during all of the ®@entury and in the beginning of the*2dentury cannot
be confused with the progress of science, at ahin the domain of Physics. They
are two different things. Although | defend the qb8ity to create new instruments as
is the last validation criterion of a scientificethry, it's not fair to identify science and
technology.

When we hear today, without protesting, that imdaisactivity should be linked
to the scientific research, we're making a big akist They should say industrial
activity should be linked to technological resear8uperior technological teaching
schools should be closer to the industry needsy Theld only gain with it. But that
doesn't mean we should transform these schoolsndtetrial companies' departments.
There are technological inventions that were a@dewvithout any company's financing.
Ingenious men, the real engineers, have achievadatafest without the financing of
any company. By majority of reason, by everythilvg lsaid, it's unthinkable to try to
transform superior (not technological) scientifohsols into extensions of the industrial
activity.

We can’t confuse scientific research with techgaal research. The latter is
presently, inevitably, always linked to the firgteo Technological research wouldn't
exist today without scientific research happeningt.fHow many scientific revolutions
will be occurring in the future? No one can prediclith safety. No one can surely
predict how our life in society will be in hundregears. Nor in fifty! Scientific
development can lead us to the usage of toolsateainimaginable today.

For all of this, science must be able to develafhout bowing before any
established interest: political, religious or besis. Science is an activity that doesn’t
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survive without freedom. A freedom that needs tspeet general society’s ethical
principles (always developing) is where scientisétong. Freedom allowing for the
undertaking of theories’ projects. | highlight agatihat it's necessary to give an
"incubation” period to those theories' projectqesiod of great freedom for them to
develop, but with wise investments aware of thegdas | mentioned before. But this
cannot make us forget we should always look towasntific activity taking into
account the validation criteria I've been defendimganing we should only consider
established theories the ones well founded, the tre have managed to increase our
capacity of action in the world. This attitude wdwuhvoid much confusion existing
today within the domain of Physics.

- Are you saying that big investments are onlytifiable when we’re doing
technological research? — asked Lucius, astonished.

- No —replied Argus. — I'm just saying that intregnts in science must be made
with great prudence. It was important to build theatial telescope Hubble. It's
important to build new and more powerful telescojpemcrease our information about
the Universe. It's important to know better whatreunds us, even if it's far away. It's
also important to know what happens in empiricaimge within quantum patrticles’
divisions, which is what happens in the big pagtielccelerators, in spite of the theories'
projects that are built in order to handle phenamehserved as being too fragile in
order to be taken seriously. But, | repeat: the @nge investment made, for example, in
the so called particle Physics, in financial angliigent manpower terms, has resulted
in poverty-stricken theoretical results. None oé tiheories' projects tried to be built
within this area of Physics, managed to overcorh@adidation criteria of a physical
theory.

- Isn't that a too radical statement when talkinQout poverty-stricken
theoretical results? - questioned Lucius.

- It's not a radical statement - answered Arguk's-an inevitable statement
when looking to those theories’ projects. They dafbw us to increase our capacity of
action in the world in absolutely anything. Whersthappens, it's inevitable to look at
them with a huge amount of suspicion. They havel ygeat financial means with a
profitability that doesn’t reach mediocrity itselfm not saying this, nor would it be
coherent with what | said previously, to conclutiese theories' projects should be
stopped. We must only have a little more good selms¢heories' projects, which is
what scientific research is all about, investmémigd be very prudent. In experimental
Physics we should worry in checking the profitaiibf the installed and to be installed
instrumentation, knowing that it's always expenswd that investment, in one way or
another, always resort to the wealth produced leydtizens of a community. This
individual effort requested from citizens must lespected and not used in a frivolous
way. When Clinton failed the construction of a lpgrticle accelerator in Texas it
proved that concern. The investment necessarysaonstruction would be gigantic. It
would be more expensive than the construction®fGhannel Tunnel.

- Was it that expensive? — asked Lucius, surprised

- To build a tunnel closed over itself almost 90 long and with several meters
deep is not cheap — answered Argus. — Besidesitthaiuld be necessary to buy all the
necessary instrumentation for particles to be acatdd along that tunnel and the
necessary instrumentation to observe objects negulfrom particles’ collisions
accelerated in the meantime. It would be billiohdallars. One predicted a cost of 8,25
billion! And for what? To continue in an investigat where logic shows less than
mediocre profitability? To pursue scientific resgmprograms that cannot overcome the
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scientific theories’ projects stage in spite ofthik investment along dozens of years?
You must agree it didn’t, it doesn’t make much gens

- I never thought about that — admitted Lucius.

Argus continued: - | remind you once more that nveeheory project is able to
pass to a well founded theory, because it has negihtagovercome all of the validation
criteria as | referred to before, not even thabtiikeeps an identity relationship with
Reality, but only an analogy relation. In a theprgject one can’t even guarantee the
existence of a minimum reliable analogy. In a wellnded theory we can have some
trust within approximation between what we wantrémslate and the way we translate
it. In a project theory we don't even have that.

- Translate what? — asked Lucius, surprised.

- I was thinking about Galileo's famous senteihe L already quoted before and
| repeat again:Philosophy is written in that great book which elies before our eyes
- | mean the universe - but we cannot understarfdaie do not first learn the language
and grasp the symbols in which it is written. Thizok is written in mathematical
language, and the symbols are triangles, circled ather geometrical figures, without
whose help it is humanly impossible to comprehersihgle word of it, and without
which one wanders in vain though a dark labyrihith

This image of the Universe as a book used by &@aldeems useful to make
myself clear. Physics always tries to translaté ¢gin@at book Galileo calls the Universe
into a language we understand. After Galileo thaglage has been the mathematical
language, presently well more complex than the efeary geometry he referred to.
Nowadays there are much more characters, but itkeatsso a much more complex
syntax and a semantics unique for that language.nibst difficult part to learn of a
language is its semantics: what's the meaningahrticular set of characters acquires
when integrated in a certain context. Mathematislfi introduces its own semantics.
But a physical theory while using a mathematicableage must use another semantic
that relates that language with the physical phemamit intends to translate. It
introduces new meanings, better yet, it introduares reinterprets the symbols used in
that language so that it may be used to descréplibnomena observed.

We can face a physical theory as the translatianlanguage constituted by the
phenomena we observe, what Galileo called the lwdothe Universe, into another
language in which characters, syntax (logical fjulasd basic semantics used are
characteristic of another language which is mathieshan a translation, the final text
in the downstream language never is exactly theesam the original text in the
upstream language. The same happens in Physicsp lauttar more dramatic way,
because that translation is linked with a basigpse of our own species which is to
turn the world surrounding us more intelligiblet math the dilettante goal of erudition,
but with the goal to increase our ability to suevias a species. This drama is not
exclusive of Physics, but this is our subject dmd is the domain of science that, in a
systematic way, has looked to undertake that tatiosl. However, that goal is never
totally reached by the simple reason we are sulgeitte condition of translators. That's
why I've asked for your attention to the relati@tvizeen the world and what we think of
it, our theories, which is never an identity redaship, but an analogy relationship. An
analogy that can increasingly approach the idemtittyhout actually reaching it. A
translation that can get semantically closer to trgginal text, without ever
transforming itself into the original text, predigbecause it is a translation.

- When you say the effectiveness criterion isriast rigorous one in terms of
verifying a theory, you're really saying that tr&i®n should be more rigorous when
respecting that criterion — intervened Lucius.
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- That's what I've been trying to defend — answlefegus, - and as it's easy to
conclude, this position has direct implicationsameng scientific research policies.
These policies manage the money that all citizerssgommunity grant to the scientific
research by means of a certain Government. Thdsans are entitled to obtain
information regarding that investment profitabilitfyhey are entitled to know if the
semantics used is the most correct one, if thengssons constitute the theory's hard
core and all others that, in a explicit or impligidy, gather around them in the attempt
to increase their capacity to describe the obsephethomena, to constitute, | repeat, a
semantics allowing to obtain a better balance betvmth "texts".

That’s why | question the so called scientificaflisure when it praises a certain
theory. A theory is often presented as if it's just a theory but THE THEORY. They
fall, not naively now, into the same mistake as Keavtonians did in the 8century
when they believed that Newton had achieved thet mgsrous description that one
could ever achieve. A description of the realitself, of the thing itself and not a
description of the phenomenon. A theory is a ti@ish of phenomena observed (the
book that is the Universe for Galileo) into a neamdguage - Mathematics. But that
translation introduces a semantic by means of agsons and definitions in which the
theory is based upon. The maximum we can wisetg s$ahat, at the scale we’re trying
to describe the phenomena observed, that theorgnisacceptable translation of
phenomena observed for a mathematical descripfidhose same phenomena if that
translation — that theory — overcomes all validatiateria of a scientific theory.

- Is it not necessary to state that Kant also tedimout to the fundamental
distinction between a phenomenon and the thingf,iteeaning the noumenon? — asked
Amadeus, looking to clear up a point that seemssl ¢éear.

- You're right, Amadeus - said Argus. - The thitgelf would be, in this case,
not the original text, but the thought of that téawmithor", if that author exists. Einstein
said once to his disciple, Ernst Straus, he woikd to know if God had had the
freedom to make the world in another way. Thidh&s‘1God”, here invoked by Einstein,
I'm talking about when | say “author” of that textlot the God of myths. Not the
Book’'s God. The text would be the phenomenon, sitisevhat allows us to interact
with the “thought” of who wrote it. But this textah one characteristic normal texts
don’t have. It's a text that allows us to ask gioest in the attempt to get closer to its
most profound meaning. That's what we do when wdope experiences. One
experience is, ultimately, a question made to MatBut it's important to highlight that
a question always needs two presuppositions: aepbnal basis that makes sense and a
language in which we can formulate it. After Galiléhe language used has been the
mathematical language with a syntax that evolvehl #iat branch of science, and its
own semantics that also evolves. Galileo was camdrthat the God who had built the
world would know mathematics; that by creating He did so according to
mathematical laws. On the other hand, the conckpasss varies from theory to theory,
since it is exactly what | stated before when tajkabout semantics, and this semantics
is indelibly linked to metaphysics over which adhgeis built upon.

- Can you give an example? - asked Lucius.

- Yes — answered Argus. — Let's consider the n&riple mathematical
equation:

X=WxX Yy

This equation has a certain syntax and its ownclhsesmantics given by mathematics.
We can say that the letterrepresents a real number bigger than zero, meavencan
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replace that symbol by any real number superi@eto. Letters< andy have an arrow
on top that indicates they represent straight saggnaith a privileged way — oriented
straight segments. They represent what we, in maties, call vectors. Up until now
we’ve been talking about semantics. Let's now &ikut syntax. The signtells us that

vectorgl should be multiplied by the real numlyeim order to obtain another vector we

call x. That's what the equal sign means. In fact, Istes that what's on its left hand
side and on its right hand side is the same ththgnming it up, given an oriented

segment (vector)}, we can obtain another oriented segm;emn'th a different or equal

length, ifw=1, since we’re multiplying theg/vector by a real numbev. That's what
this mathematical equation tells us. Let's now d®ait slightly. Let’s just change the

letters we use. Instead oflets usef , instead ofw let's usem, and instead of/let's

usea. The equation is, from a strictly mathematicalnpaf view, exactly the same but
now is:

—

f =mxa

Everyone who has studied a bit of Physics recagniin this equation a
simplified way of Newton’s dynamic fundamental l&lat tells us that, in an inertial

referential, the forcef exerted upon a constant, body mass, causes an acceleration

equal toa . Notice we're replacing basic semantics, originatetiathematics, by a new
semantics that's given through a translation ofeotest phenomena (the book that
Nature is for Galileo) for a description in matheiwa language. As one can see, we
had to define certain basic concepts like masstipogspace/location), time, inertial
referential, force and acceleration as a variatibspeed in time. Now, the real number
represented byn is limited to have values equal or superior to z€fbe inertia
referential concept is, as its name indicates, ectad to the inertial movement concept.
A concept that, since man started to try to descniflovement in a mathematical way,
and | recall that was started in Ancient Greecéhlite movement of the stars, only
Galileo, whom around two thousand years later, madd@o establish. We can conclude
it wasn't easy to get there... The mass concephasher concept which is not totally
evident. We can’t confuse the mass concept with vilegght concept. The weight
concept would have to enter on the left hand sfdeeoprevious equation, since it's not
more than one force, the force with which a bodgtisacted to the Earth. According to
Newton, mass is nothing more than the quantity eften and it represents, when
integrated within the previous equation, the apitit a body to resist to a change of its
state of movement when suffering the action ofradoThe mass concept only acquires
the meaning given by Newton when integrated witthi@ previous equation. We call
this mass, inertial mass in order to highlight theaning I've just mentioned, since in
the previous equation it represents the abilitg bbdy to resist to a change of its speed,
the inertia. This equation tells us that the bigier mass, the smaller will be the speed
suffered for the same exerted force.

- Hey, Argus, do you mean that a mathematical sguain spite of being
formally equivalent to an equation used by a phatdiceory, can never solely describe
phenomena without implying a whole complex intetgtien, establishing a complex
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web of matches with the observed phenomena? - dskads, trying to sort out some
doubts he still had.

- That's exactly what I've been saying - said Asgu Otherwise there would be
no need for the existence of physicists, becauysiqdl theories would be built by
mathematicians thinking logically about beingsg#dy abstract, existing in spaces, also
largely abstracts. In fact, mathematicians managedouild all that relations’ web
between existing abstract beings in abstract spaicgsdeings with those own spaces.
The most amazing is that, sometimes, that becorsefsiluo describe a certain set of
phenomena. That's where that “translation” is sggploto be made by physicists. The
“translation” of the language in which the Natuok is written into another language,
to the most precise language man has manageditoumtil today: mathematics.

However, it becomes necessary not to forget trethematics is one thing and
physics is another. Grammar and synthetic ruleslahguage are one thing and a poem
is another. Equally, paints and brushes and thpeotive pictorial composition rules are
one thing, and another totally different thing i@ Lisa or the Virgin of the Rocks of
Leonardo.

I would still like to add that sometimes physisigthemselves develop that
language. In those cases, physicists are the ohesdsvelop mathematics and in
practical terms become mathematicians. This wayhemaatics becomes capable of
describing phenomena in order for us to transtaebbok of Nature in a more accurate
way. That's what happened with Newton when he né¢dexpress a relation between
force and variation of speed with time which iswasknow, acceleration. Newton was
forced to develop the language for which he wasingakhe respective “translation”.
Mathematics development state at the time waspdlde of "translating” the relations
he was now discovering in the "book of the Univérdeor that he needed to use
concepts inherited from others, such as Galileo&tia concept, or introducing new
concepts like the mass concept, for somethingwiaat already sketched by Huygens -
proportionality between force and acceleration glddoe now explicit by means of an
equation previously written. But in order to writeat same equation he saw the need to
develop a whole mathematical technique that weepitds call infinitesimal calculus.
Newton’s work was a hard one. He represented a &inglorld reconstruction from a
limited set of four postulates. It was a tremendeffort that took three years to
accomplish, from 1684 to 1687, three years that theweeded to write his most
important masterpiece, actually one of the mostoirtgmt ones of the human cultural
history, theMathematical Principles of Natural PhilosophAfter that gigantic effort,
Newton’s mental health deteriorated in a dangeroay. This only proves the
dimension of intellectual effort that's behind #ppearance of such a big work.

Argus stopped to think and Lucius took that opyaityy to ask:

- Are you saying that Newton grabbed some concdmpersed until then,
introduced other ones from his own creation andaged to build a coherent basis to
create his theory?

- Very well, Lucius — said Argus, adding: - Thatsks is always formed by non
proven statements: the postulates. These are oogpted if they and the consequences
deducted from them are, within certain proximity,accordance with the phenomena
they intend to describe.

Newton’s mechanics postulates are three:

The first one is the inertia law that defines aariial referential, meaning a
referential in which a body not actuated by anydoremains in the same movement
state; that same movement state includes the tatt as a particular case. That
principle is not demonstrated, nor experimentea;esno one has ever observed a body

51



Dialogues on Quantum Physics

where no force has acted upon. That would imply bioaly was totally isolated, which
Is a practical impossibility. We can show that fihe forces that act upon a body are
being diminished, its movement progressively apghmea from an inertial movement, a
straight and uniform movement without however hdtit.

The second postulate is the one that expressaggthitbe equation | mentioned.
An equation is only valid in inertial referentialsnless we introduce the so called
inertial forces that appear only because we'rerefgrring to the movement subject to
the referential of inertia. It's what happens withe Earth’s atmosphere. The big
movements of the atmosphere suffer the so calledolidacceleration, which is a
consequence of the Earth's rotational movement,theckfore our planet cannot be
considered a referential of inertia for phenomagarding atmosphere movements.

Finally, the third postulate is the one by whicle @tates that a body upon which
a force is exerted, exerts upon the body that apts it an equal force and in an
opposite way.

These three postulates constitute the hard cofdeafton’s mechanics. From
them, and from another postulate that quantifiedohce exerted between two bodies at
a certain distance from each other — the univegsavitational law — Newton’s
mechanics describes with a remarkable precisiornoited movement, it describes with
great precision the macroscopic bodies positiomgeavithin space when acted upon
by forces. These bodies only meaningful charadiesigre to possess mass.

- Was that what convinced the Newtonians of th® déntury that Newton had,
as you said, created the big THEORY and not justemry that, in spite of having
enormous effectiveness, can be only applied tosttede in which we're observing
phenomena? - asked Amadeus.

- That's exactly what happened — agreed Argus. —cd@restill admit to some
extenuating circumstances in this case. Let's agjdt that during two thousand years
of Aristotelic physics not much was extracted ahdttnow, in just some years,
advancements were becoming evident. They werextenw@ating circumstances. One
perfectly understands those men might have beematuwith success. It's much less
acceptable nowadays similar positions might bertakéot regarding the Newtonian
theory, of course, but regarding much more redesuries.

Physical theories are human constructions and,uahl, scan only describe
phenomena at the scale we're observing them. Weneagr have the pretension that
theories govern phenomena, which constitute reafig/ | said, theories constitute a
mere description of phenomena, the only manifesiatve can apprehend of an
underlying reality.

- What do you mean by that? — asked Lucius.

Argus explained:

- The Newtonian mechanics allows to determine, fthm knowledge of position and

speed within a material point, in a certain instamd of the forces it's subject to, the
positions it has been subject to before and thetipos it will have later. In other

words, by knowing the initial conditions we can lanis positions in the past and also
its positions in the future. This took some thirkéy say the world was deterministic.
Everything would be previously determined and mefiom remained for bodies. It was
precisely this reason that led Pierre-Simon Laptacstate if it was possible to know
the positions and speeds of all bodies existingha world; it would be possible to

know all the past and predict the future. Thishe position one names Laplacian
determinism. A determinism from which all possilyils of free choice has been
expelled. History showed us how naive that positi@s. But it was an ingenuity we
can understand these days. What we cannot accttiaowadays one adopts similar
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positions regarding more recent theories. Nowaddlgaf cannot correspond to
ingenuity. Nowadays, we're no longer authorizedd@aive.

- And that happens presently? - asked Lucius.

- Yes — answered Argus. — When someone statesqteattum mechanics
“proves” the world is undetermined it falls into aentical mistake made by the
Laplacian determinism. Such as the Newtonian thequgntum mechanics is a theory
that has overcome all scientific theory validatmiteria. But we cannot fall into the
same naive mistake as the Newtonians did whenitigrtke world would obey in an
absolute way to Newton's mechanics and gravitatiothe same way, the world doesn't
obey in an absolute form to quantum mechanics. fii@sry only intends to constitute,
at the scale we're describing phenomena, a gooaxdpyation to them. The problem
with quantum mechanics is that the Bohr's integti@h of its formalism intends to
reach an irreducible irrational residue. It stat®@s can never reach a bigger
intelligibility of the book of Nature. | would likéo discuss this problem with you, but
I'll have to leave it for later. | need to talk aiba way of how we've come to this
situation. This ingenuity | referred to is presgntihanifested by other means.
Sometimes it even resembles the character of aggioé caricature. An example of this
is the case of certain “famous” physicists whoestathat within few years they will
know the origin of the Universe. But of course cimgnon that to become a reality they
will need a huge amount of money. Without thatyehis no deal. This is atrociously
ridiculous. Since time passes by quite quicklyaasold teacher of mine used to say,
these physicists must start getting up quite aartiie morning to achieve that goal...

But seriously now, it's necessary to state thaeeemptory statement like the
previous one proves, in the best of cases, an eassang lack of culture, even
scientific, and worse than that it indicates a ds&ong dishonesty. The lack of culture
would lead us to tell them it would be better tarsthinking about the foundations of
what they're doing not to make such a ridiculoweshent. Dishonesty would force us
to keep, like doctors say, a certain clinic diseame order to keep away from such
unwanted company. It's the same attitude that wes#ple take on regarding politicians
that promise everything to win the elections... Tlaeg as dangerous as each other.
These “politicians” twist and therefore discreddlipcs. These “scientists” twist and
therefore discredit science. Science is somethiagigus because its goal is to allow us
to better understand the world that surrounds usl that for our odds to survive as a
species may increase. Therefore, science needs defended. But for that defence to
become effective, we must say what it really is aatddraw such grotesque caricatures.
When one states that within a time period, whatekiat one is, one will know the
origin of the Universe, one must state which thstplates to base on that statement are.
When making such a statement, we must mention @il provable statements that
support it. This statement is integrated in a thgooject and, as | never get tired to
refer: no theory is THE THEORY in capital letteisno theory project can ensure by
itself the theory statute, by a majority of reasdncannot present itself as THE
THEORY. When a physicist makes a statement likeé ¢ime I've been criticising, he
presumes the theory projects in which he baseddtimpon are correct. He believes
the Big-Bang happened when, and this is necessampderline, there is no irrefutable
evidence of that. The Big-Bang is no more than aenpessibility. But this is put aside
on purpose to guarantee obtaining such substdimizelcing.

- Are you saying that the Big-Bang never existedguestioned Amadeus,
astonished.
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- No, I'm not saying that. I'm just saying therenis irrefutable evidence of such
an existence — replied Argus. — | even think itndicexist. The observations told to
“prove” the Big-Bang existed can be explained inther way.

- How? — asked Lucius.

- I'll explain that later — said Argus. — But bedor must prepare the way to get
there. Now, | call once again your attention fag thct it's not lawful to admit there is
an identity relation between a theory, whateves,itand reality. This relation can only
be an analogy relation.

Physicists are “translators” of the “book of Natuier a language that is under
permanent evolution: mathematics. Why is it th&0Q,years after the so called science
emergency (and we mention emergency only becausaweaelate it easier to what we
today call science), we would have reached a dpuaat of that language in such an
elaborate way that it would be capable to relagedtginal "text" with the maximum
details? Speaking of 2,500 years is to talk abowery short time period. Short if
compared to the age of the Earth or to mankinds Hgstory is far from reaching its
end. Mathematics will continue to evolve and thigioal "text", that "book of Nature"
didn't allow us to read all its pages yet.

Continuing with this analogy, we can say that thee sentences written with
such lower case “letters” that, with the presenthoés, we still can’t read them, or with
such “remote” letters we still don’t know they exi$his is the book we’re translating
with the risk of not having a global vision of theginal masterpiece. The physicist that
made the previous statement | criticize so muchdcoaively believe that the gross
financing he intended to obtain would allow himattcess all lower case “letters” that
compose the text he intends to translate. Howéwvexuld be useful to inform him that
when we say there are still no methods necessargad such lower case “letters”,
we’re not referring ourselves to mere experimetgeahniques that are more elaborated,
we’re also referring to the need of always repgrivrselves to the vision of the world
associated with a determined theory, the concepiasis by which that experience
makes sense. As | mentioned before, an experisnuat imore than a question we make
to Nature. Therefore, for an experience to makeesér's crucial for it to belong to a
conceptual basis. We can as well, in certain cdsefyoking to lower case “letters” of
the “book of the Universe”, but without understarglithem because the conceptual
basis we support on doesn’t allow it. The “syntartl “semantic” of the original “text”,
the deepest meanings associated to phenomena eaimot yet accessible to us.
Sometimes it's necessary to change the point of,viee conceptual basis, so we can
see some coherence in that “text”.

For all of this, making such peremptory statemdikts the one we've been
talking about is to take for granted the assumptibbelieving that the vision of the
world behind that statement, or the conceptual sbéisat supports it, corresponds
exactly to the profound meaning of such originaxtt - the thing itself — to the
noumenon of Kant's words. But Kant's thing, sucthasdescribed it, is not entirely
accessible to us. We only contact with phenomeatdten't more than the result of a
complex interaction between the experimental sulged the experimented object(s).
It's through the phenomenon that knowledge becarbgctive. In a certain way, the
phenomenon creates its own object of knowledgerelhee no pure facts. Sensitive
experience data is created by us from the existemamurselves of time and space
concepts, the sensitive forms according to Kanat iy happen in a newborn because
he can't relate them with the records of a membllyireexistent, or with the categories
only the prolonging of existence may develop. Aeptact, in case of existence, could
only exist isolated. Not a phenomenon. A phenomemdtralways be a part of a whole.
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A pure fact transforms itself into a phenomenon nvirgtegrated in a pre-existing
conceptual frame. And that integration demands s$hject’'s action by using
understanding ways, categories according to Kamemive use the relation categories,
similarity, non-similarity, whole or chance, we'rénevitably integrating that
phenomenon into a determined set of phenomenaatkahs such because they can't
exist in an isolated form.

- What do you mean by that? — intervened Luchisigued.

- | can offer you an example taken from the higtafrphysics. The Aristotelians,
who defended Earth’s immobility at the centre o thosmos, used as “evidence” to
that immobility the fact that by throwing a rockarvertical direction it would fall in the
same place from where it was thrown from. If thetiEavas moving, they said, the rock
would always fall in an opposite direction to thartd’s movement. Such as if one
intends to recover an object that inadvertently faélen out of the window of our car
while it is moving, we must stop and reverse aatertlistance, because the object will
remain behind. By trying to explain this fact, igitating it in a certain conception of the
world in which the Earth was still and where akrst circulate around it, they had
transformed it into a phenomenon, in the same sasdeant did. This argument was
interpreted by Galileo in a totally different wakyor this physicist, that phenomenon
was totally irrelevant because if the Earth wakegistopped or moving, the same thing
would happen.

It is the famous example Giordano Bruno invoketiswworkCena delle Ceneri
(The Ash Wednesday Supper), written when he tresledb London and Galileo used
later, the boat sailing in calm waters. A rock greg from the top of the mast falls, for
the man who dropped it, parallel to the mast rdgasdof whether the boat is moving.
The same would happen if the boat was motionless.

For Galileo, the Earth would be our “boat” and thek dropped in the vertical
direction would fall on the same place from whdréad been dropped whether the
Earth was standing still or moving. The same phesrwn, invoked by Aristotle to
prove the Earth’s immobility, because it belongedtcertain vision of the world, was
considered by new Physics as irrelevant. It wodlgbrefore, transform itself into
another phenomenon because it belonged to anatheeption of the world.

In these cases, the totality category is being.usefact, in this entire discussion
one is using categories considered by Kant.

The relation and analogy categories — for Galgetisciples the rock movement
on the boat is related to the rock movement onBhgh establishing, this way, an
analogy relation between the Earth and the boatl By establishing this analogy
relation between the Earth and the boat, Galileglswers are also integrating the
phenomenon observed in another Physics that wasstheting to outline in which the
Earth no longer was motionless at the centre oCih&@mos but moving.

Causality category was also used, because Allistatedefended that the cause
for the rock to fall at the same place from whdravas dropped was the Earth’s
immobility. And by denying that relation of causgliGalileo’s supporters were really
using the causality category, denying its applaato this case.

For Kant, it's the phenomenon that makes knowlealgjective. As we've just
seen, we are the ones who largely create the objecur study. The scientific
revolution initiated by Galileo is a clear exammle that. The Platonic answer that
started the first scientific research program wheran played a role within the
astronomy domain is another example of that. Thiwhat Popper meant when stating
that all observation is "theory-laden".
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- You're saying that the object of study is laygeteated by us. There is no
danger if, by saying those words, we lead someétspir see a solipsist position? | don'’t
think that's what you’ve been defending - interveéh®icius.

- Of course not - said Argus. — | take a realiphdosophical position, meaning |
defend the existence of the so-called reality wh&ely is independent from us. It's
our apprehension of that reality that depends almarely on us. Kant’'s position does
not lead to solipsism. | think that science has aestrated, throughout history, that it is
reasonable to believe there is something beyondubgect. To believe in a world as a
pure creation of my spirit is to me something | manbelieve in. When | state,
following Kant, that the study goal is largely aesh by us, | only mean that science
creates its study objective, because it inevitaldgends on human capacities. Human
capacities that are related to the existence dedtefeness of practical and theoretical
tools available at that time. And the creationhattontology depends, of course, on the
subject itself.

When Plato introduced in the history of human ureatthe ontological division
of the world in two parts - the intelligible workthd the sensitive world - he inevitably
used categories such as similarity, non-similardgusality and accident, amongst
others. That way, when the Ancients looked into gskies they saw them, creating its
object of study, in a completely different way frdhe one we do now. By adopting the
platonic-aristotelic ontology we were largely cregtits own object of study.

When Copernicus advanced with the heliocentricehdte created a new object
of study. When during the 30's and the 40's ofli®i century, astronomers started to
understand the existence of galaxies with sevesahg, understanding there is a
Universe beyond our galaxy, the object of study $igsificantly changed. When the
abbot Lemaitre proposed the Big-Bang theory, hetedato force us to look at the
Universe in a determined way. When Hoyle proposedtationary Universe model, he
wanted to lead us to look at it in a completelyfedd#nt way from the one with which
most physicists look at it presently while adoptihg Big-Bang model.

- So, you're saying that a model has a certainapistsic associated to it? —
asked Lucius.

- Of course — answered Argus. — | say even maris. impossible to build a
physical theory, something far more complex thainaple model or system, without
using a certain metaphysic. To exemplify the défere between model or system, on
one hand, and theory, on the other, one must thimdut the difference between
Copernicus heliocentric model or system and Newtamechanics and gravitation. In
spite that in a certain way these are consequeonicés they end up integrating the
model within a far more general and fertile frame.

A physical theory (and when | talk about physitedories I'm talking about the
great physical theories such as Newton’s mecharsecsl gravitation, the
electromagnetism and the last big theory we managexteate, quantum mechanics)
can only be built from a world’s point of view thatends to be minimally coherent, at
the scale of what we are trying to describe. Tisathie vision of the world that
constitutes a metaphysic as a last resort. Modekystems themselves support each
other in a determined metaphysic or ontology. ThpeEnican model or system is
based upon a certain metaphysic of a Platonic bBsisthat model would drag, not
explicitly but implicitly, the destruction of thel&onic division of the cosmos into two
sub-cosmos ontologically different. Galileo madexplicit. Newton, regardless of the
statement “I do not create hypothesis”, duringabetroversy with Leibniz, by a third
person, regarding gravitation, was compelled tmauce many “hypothesis” along his
activity as a science man, by resorting to cleargtaphysic concepts. Within the optics
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domain he admitted the existence of ether that avdilil the whole space. In the
neighbourhood of the separation of two optical med, such as air and glass, the
density variation of that ether would be the caofthe refraction phenomenon. Also
within the optics domain, he admitted, as I've dagdore, that the luminous corpuscles
would have "accesses" of easy reflection or of eafwction, in order to explain the
decomposition phenomenon of the colours of theb@inin thin strips. However, the
bigger of those “hypothesis” was the one admitting existence of an absolute space
and time as sensors of God, as organs of God’seseiisrough which He would
apprehend the world and could act upon it. Graweiatwas for Newton a clear
manifestation of God's action in this world. If New could have kept faithful to a
unique metaphysic vision of the world, it would &enetaphysic associated to a world
made of corpuscles moving in a straight line whehacted by any force, that could
either be a “lay” force, such as the ones we cartaxpon the bodies, or a “divine”
force from which gravitation would be a manifesiatpf.

This was a metaphysic that Newton used as theosufgr its physics. Newton,
such as all men of science of his time, was a ecaad Christian and his physics would
serve to prove God's own action in the world. As gan see, we can state there was no
confrontation between the Christian faith and tee mdeas. Many of those related with
the defence of the new science were men who believthe message of Christ, but did
not hold on to a textual interpretation of the BibGalileo said it explicitly. The God he
believed in manifested Himself in all that existelanot in any book written by men.
They intended to expurgate the Bible of the supetfs and only recover its essence, its
message. What happened was a confrontation witlst@@r religions or churches -
institutions that intend to normalize individualiggousness with the goal to conquer
and maintain power.

- The spiritual power — Amadeus tried to enlighten

- The power! The power without adjectives — saigus. — The power to impose
a vision of things, which states to be expressdibivks seen as being the word of God.
Books in which the whole Truth would be exposeder€fore the latent conflict with all
scientific activity. This one, in order to progressuldn't be tied to dogmas, to myths.
Science, although looking for the most profound mieg behind the phenomena we
observe, admits the meaning he conquered in thatmeais always provisional, since
the translation is never identical to the origiftaixt”. It is important to point out that
the existence of those myths are part of a cletihd@mocratic position. They maintain
that these dogmas only regard those who belietieeirmyth. But if they maintain that
today, it is because a long resistance reducedptiveer of those who lead those
believers. Galileo was condemned because in thie Bitvas said that God had stopped
the Sun. If God had stopped the Sun that meanSthewas moving. If Galileo and
before him Copernicus argued that the Sun was gtély were contradicting what the
Holy Scriptures stated. That was one of the acmusatthat condemned Giordano
Bruno to the fire on 17th February 1600. Coperricbsok was placed in the Index in
1615. Galileo was condemned to a life home arre$6B83.

Galileo argued that we should not hold on to aditeeading of the Bible. Before him,
the Italian humanists defended the “doppia velituble truth) doctrine that affirm the
existence of two truths, the truth of faith and theh of reason. This was a doctrine that
was born a few centuries before in the Arab IberReninsula when Averroes
introduced it into the Islamic myth to defend scerand the creation of a more free
society.

In science there are no dogmas, only principlestytates, that are non-
demonstrated affirmations, only accepted if theg Hre consequences that we deduce
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logically from them are in approximate accordandththe experimental data and the
phenomena. It is a much more democratic positicayld the best name we could give
those postulates is the name that one of the gteaten of Hellenistic science,
Archimedes, gave them: requests. This name wouhdve all the arrogance that some
(bad) scientists wrongly give to those postulafsence cannot be arrogant because
arrogance is profoundly incompatible with its tmeason of being. Arrogance is only
characteristic of those who think they are owndrshe Truth. The defenders of the
myths can be so. A man of science is not authotizdx so. A man of science does not
own the Truth. He can only say with recourse tosds/that to the scale in which they
try to describe phenomena, physics theories ineceaair capacity of action in the
world. To a more profound scale it may be that nss, the rules, that we have
managed to establish up until now ought to be terqumeted by another theory that may
transform the postulates, that is, the non demablgtraffirmations that are the base of
the actual theories into mere corollaries, i.e. destrable affirmations — stated Argus.

- Science was born from a fight against dogmasyamdare now saying that
nowadays there are dogmatic scientists? — askeegted Amadeus.

Argus answered:

- Only those who do not understand what sciencdlyrém Understanding
science as it should be understood makes thisigogitadmissible. | repeat that men of
science who are protagonists of the science rewalutf the 17 century were all
Christians. We can mention Copernicus who was egyhean and Galileo, Kepler,
Descartes, Huygens, Newton and Leibniz, and othievgas inevitable that they were.
This is because only a religious monotheistic cphedlowed these men to believe that
the world was a work of a God and that as wizarpreqtices that world would be
intelligible. This means taking to the extreme trgginal sin that as we all know
consists of the usurping of the knowledge of thdsgoy men. The myth of Adam and
Eve in paradise or the myth of fallen angels in book of the patriarch Enoch,
presently no longer linked to catholic belief, regents this. Without becoming fully
aware of it, by believing that the world was confnesible these men re-crossed the
border that myths wanted to remain closed off. Tinie, with obstinate determination.
They were entering again into the territory of ace now with a new vigour. This
territory that is essentially incompatible with theceptance of any myth. Their God
will stop being the God of myth. He will now becortiie God of reason. This is how
the doctrine of “doppia verita” would end up dyiagthe hands of those who initially
would have defended it.

- Why do you emphasise that it was the believemnofotheistic religions that
were the heralds of the scientific revolution? kealsAmadeus.

Argus continued:

- The new science was born on the shores of thatétemhean mainly because
two things happened there that did not happen ynosimer region of the Earth. On one
hand | am referring to the birth of Greek natutaigdionalism, something very singular
in which natural causes for natural phenomenaeaecked for and on the other hand |
am referring to the existence of monotheistic relig, namely the Jewish and the
Christian. The first created the belief in the teti€e of a superior intelligence that
created that cosmos.

- But that was not something that appeared in ar el@y — answered Amadeus.
— We know that in the Renaissance the Jewish kabalanetism and astrology and
others invaded the more cultured minds. Many hustsare a clear example of that. In
Florence, Picco della Mirandola who knew severaglages became interested in the
kabala. The Médicis and the main mentor of the dAiat Academy of Florence,
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Marsilio Ficcino, promoted the translation of treoks attributed to Hermes Trimegisto
because it was thought that they were linked tcmewkedge even older than Greek
knowledge. It was believed that they were writterthie time of the exodus of the Jews
from Egypt and for that reason they were linkedht® origins of the Jewish/Christian
faith. They would contain a more powerful truthriithe one inherited by the Greeks.
We now know this to be false because they werdemrin the Hellenistic period when
Greek rationalism started to become decadent.

- | agree — answered Argus — But it is necessagntphasise that although there
was this undeniable decadence it was in the Hslienperiod that scientific books
crowned all the Greek-Hellenistic period. Let w# forget Euclid with hiElements,
Archimedes with the first mathematical laws of phgsApollonios with his booK he
conics of Aristarchus with the first proposal of a hekmtric Cosmos and with the first
measurements of astronomic distances, Eratostivatieshe first attempt at measuring
the Earth’s dimensions and Hipparchus, the grettbrasmer of this period, who
successfully continued the research program im@siny proposed by Plato, preparing
the way so that three centuries after, right inrthédle of the Roman Empire, Ptolemy
crowned this program with the bodWathematical Syntaxhat the Arabs named
Almagest By the way, we should not forget that Ptolemyoalaote Tetra-biblical
Syntaxwhich was a far less rationalistic manifestatibnagree with you because
astrology and astronomy had a promiscuous reldtipnsntil the 17 century. As a
matter of fact, the motive for the beginning of ttetronomic observations was related
to the attempt to predict the future, of making@sgy, but even that prediction was
integrated in an ordinary attempt at finding noedllogical causes for different things.

- Are you saying that astrology, Kabala and Hermetisd alchemy were also
manifestations of a search for a hidden knowledgkia that sense could be understood
as a consequence of this complicated mixture betwedheological, monotheistic
concept and naturalist rationalism that, as you wsastl, only appeared on the seafront
of the Mediterranean? - intervened Amadeus.

- It is true — answered Argus — Also in thé"I&ntury humanists embraced all
these paths, but it was from that big confusiort tha new method emerged, the new
science. It was from that big confusion that mepeaped like Copernicus who, without
a plausible reason, placed the Sun in the centtkeo€osmos; like Tycho Brahe, who
started the meticulous task of observing the dky purpose of this task was to find out
the position of the stars in the most accurate magsible so that better astrological
previsions could be made; like Kepler, who in Misteryum Cosmographycutnought
that there were only 5 planets because there wayebaegular solids. This would have
been, according to Kepler, the secret that presmed the construction of the Cosmos
by God. Of course there are not only 5 planetsfanthat reason this idea of Kepler’s
does not make any sense nowadays. But Kepler thtiraore than that. He arrived at
his two first laws in the book he wrote in 1609 ttlew Astronomyand his third law
because he looked for the music made from the memewof the celestial spheres and
that our ears could no longer hear because theg twerused to it. As we well know,
this third law appeared in the boblarmonices mundof 1619. But this third law had
more to do with a harmony for our reason rathen floa our senses. As you can see, we
can consider that all this is a consequence ofdthéble belief that this world was
created by an omniscient Being on one hand and lefbe our capacity of
understanding that work on the other hand.

- But did not the Catholic Church immediately undmmst that route was
dangerous? — asked Amadeus.
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- Only when Galileo started his propaganda campafjrHeliocentrism —
answered Argus — But the success of this new metbgy and the new science was
such that the Catholic Church soon lost its abtlitypppose it. Naively, Galileo wanted
to convince the roman curia that Heliocentrism wlobé the most worthy system of
divine omniscience and omnipotence. The roman dina was attached to a literal
reading of the scriptures did not accept it. Galidaimed that those scriptures should
not be interpreted literally. The Catholic Churcld chot accept the argument and
condemned it. As we know, it was only at the enthef20th century that the Catholic
Church apologised for the mistakes that were maderainstated Galileo. About 350
years later! Galileo did not need that anymore...

- Does this mean that between the Catholic Chunchsaience the friction was
over? — asked Amadeus.

- No way — answered Argus — We must not forget thgistance towards
Darwin’s evolutionist concept. Once more, a literhding of the scriptures opposed
this. Even today the position of the Catholic Clhut@wards the evolution theory is not
pacific as the theory comes into clear confrontatwith the doctrine. Teillard de
Chardin tried to reconcile both, transferring theirge touch to a previous stage, to a
primordial Cosmogenesis. Today people are tryinge&iore unsteady creationism by
talking about “intelligent purpose”, that is, a iti® premeditation in creation which led
to the appearance of life. Genetics continuesdaate that there is no divine touch in
the origin of life, but myths continue to resisttaal vision of things. “Intelligent
design” has nothing to do with the pre-establisiiedmony of Leibniz. The pre-
established harmony of Leibniz had a lot more tonith the possibility of the world
being understandable than the pretension thatyapaimt in time a divine touch went
against the laws of this world imposing somethitigrgge to it. In a certain way it
violated it and so denied us the possibility of diag understanding it.

The essential cleavage between science and midesehere exactly.

The myths need to be pessimistic; they defend pessi in relation to human
capacity to understand the “book of Nature”. Scgeiscoptimistic. Science believes that
we can go on understanding Galileo’s book of thévéhse so that we do not continue
to “wander in a dark labyrinth”. Science has a®itik/ objective, like utopia, to disclose
those secrets. But Science knows that the knowlatgeroduces is temporary.
However, it believes that it can always develodite myth goes on exploring the path
that still needs to be travelled so that it cantiomre to “breathe”. It continues to use the
unknown in the search for a barrier to that ratibyyaa barrier that can never be
overcome. That is its ultimate trench.

It became content when it found a strong argumenbrithodox quantum
physics. In this physics there is Bohr’s principfehe complementarity that is the basis
of the Bohrean way of interpreting quantum formalidn its essence this principle
translates a profound conviction of Bohr's thatetd is an irrational, irreducible
residue” and that this irrational, irreducible ks “was now expressed in a
mathematically lucid way”. The second sentence ihah inverted commas is from
Bohr and it refers to the difficulties found untiien by the human race to describe
phenomena. The first sentence in inverted commas iaffirmation of Niels Bohr’s
philosophy teacher, Harald Hgffding. The latter ltlefended the existence of that
irrational, irreducible residue in psychology, thst in the study of the spontaneous
functioning of the human spirit. He thus defendee ¢xistence of a complementarity
principle in psychology. The whole functioning ¢fethuman mind, even in its most
elaborate forms should be “psychologically possiblhat is why this principle was
propagated inexorably to all those manifestatiom&of the human mind. He himself
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had undertaken to transpose it to philosophy. He m@ a man of science but he
defended the inevitability of its extension to sce. It was Bohr who undertook to do
this.

This is one of the last trenches in which myth $irghelter in the field of
physics. In biology, that trench resides in theuargnt that life appeared in a sort of
touch of magic that we will never understand.

- In any case that position is different from theedhe Church took on when
modern science was born or when the theory of éeolwappeared — Amadeus pointed
out.

- That is so — answered Argus. — The Catholic Gnun@ longer holds on to a
literal interpretation of the Scriptures. It haseady abandoned that trench. Not because
it did not want to but because it cannot. Histayght it that the use of that type of
argument does nothing more than make it ask fagifeness for the mistakes made
sooner or later. Its methods are more subtle noygaddey went on to the trenches that
| mentioned a minute ago. Other Christian confessido not adopt the same attitude.
We know that in certain states of the USA teachimg theory of evolution is not
allowed. In other states it is allowed as long athbthe evolution theory and
creationism are taught in confrontation. Some i @diChristian sects impose it.
Nowadays this is only a manifestation of mediocrity defending creationism against
the project of the theory of evolution they adoptadtitude that surpasses the mere fight
between scientific paradigms, in which rationaktyd empirical evidence represent an
exclusive role. Against all the empirical evidertbey impose a dogmatic vision that
radically moves away from the normal confrontatimiween competing programs of
scientific research. They become ridiculous.

- Do you mean to say that there is a deep cleabatygeen Christian doctrine or
any other religious doctrine and modern scienca8ked Amadeus.

Argus answered:

- If we take texts written about 2,000 years agad@drine even only those that
the Catholic Church considers part of the canoridéialle, the Koran of the Muslims, or
the Torah of the Jews, then there is a clear antagobetween science and the faiths.
Only believers can consider that in those textsetigethe Truth, transforming them into
dogmas. We cannot achieve that “Truth” rationallyis a mere act of faith that leads
believers to accept it. It is the acceptance thate writings are emanated from God.

In the creation of a scientific theory we introdymmestulates, that is, affirmations
that are not demonstrable. However, we only acdbptn because they and the
consequences that we take from them logically areadgcordance, within certain
approximation with the experimental results. Wiallceligion this does not happen.

In religion, believers accept that the Divine cloéea of those texts is unarguable
and as such transform them into dogma, into indedpa truth. | even dare to say that it
is a non democratic position. Whoever adopts itnghthat he is convinced of owning
the Truth. It is a dangerous position because 1t lead to and has led to acts of
disrespect for the freedom of those who do not @ictteose dogmas, or because they
believe in others, or simply because they do nbéwein dogmas. Let us not forget the
many people who were burnt alive in the time ofil@alfor questioning the dogmas of
the catholic doctrine. Let us think of Giordano Boywho was burnt alive, as we made
reference to, on I7February 1600 in Rome. A little more than four tied years
passed and Giordano Bruno was not the last pecssufter this horror. In science and
particularly in physics there are no dogmas, ordgtplates or as Archimedes called
them more appropriately: requests. Referring tospasywe asked people to accept them
because from them we can build theories that prewene usefulness in the
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understanding of the world around us. These pdstilallow us to build instruments
unconceivable until that moment as a last resort.

But | emphasise again that we should not have larsyans.

Those theories do not constitute any Truth in #rese that beliefs attribute to
Truth. They only constitute useful but incomplefgm@ximations to reality but even
though they are incomplete they managed to ragiichlhnge our relationship with the
world in a little less than three hundred and fifears.

Popper made a point of marking out the border betwe&hat science is and
what it is not. The popperian demarcation can leraésting to try to establish the
borders between science and myth. But the prevadaservation is more significant.
The possibility of an affirmation being refuted fdr to be considered scientific,
according to Popper, can be interesting to stadebate about the problem of
demarcation between what is scientific and whaiois But even Popper found himself
obliged to add that a theory, or | would even sayaect of a theory, could survive one
or more refutations. To say what science is, whiliieary is, it is necessary to confirm
if the three criteria that | referred to before aegified, namely the one theory allowing
the construction of new instruments that increagecapacity of action in the world. It
IS not accurate to speak about falsification oheoty. Instead we should speak about
the establishment of limits of their applicabilitgut that only happens when a new
theory emerges that describes more phenomenahbdinst one described. In any case,
this new theory has evidently to verify all theteria that | mentioned.

- We have been defending the usefulness of scidiwen if it is to practice
something that is commonly regarded as harmfuiferriupted Amadeus, continuing:

- The so-called progress has not managed to makaeohappier, making their
relationship with the world more harmonious. Welyel the world, there is now a
quotidian life that for many people is a lot morstessing, with long journeys to work,
there are weapons that can even destroy the huswanaetc, etc, etc...

- You cannot attribute to science and knowledge rédsponsibility of those
difficulties. The attempt to better understanditgas not responsible for the bad use of
that better understanding — answered Argus. —df ttere so we would have to ask:
when should it have stopped? When we started ubmdjirst rudimentary tools, tools
that appeared before any scientific theory? Wheneaemt to control fire? When we
invented the wheel? It is a senseless questionwlaage is not responsible for the bad
use of instruments that allow us to build. Knowledg something fundamental so that
we can perpetuate as a species. A simple tool dikeammer can be used to nail
something or it can be used to kill another humeindy by crushing his head. Well, we
all know that a judge would not accept that thepoesibility was of the hammer, or of
who made it, or even of the first hominoid who idead and built the first instrument
similar to a hammer...The responsibility is always tbe person who uses that
instrument, be it a human being, a nation or thwise defend a certain ideology. The
responsibility is always of a human being or grafphuman beings as citizens, as
political beings. Not science. It was not nuclelygics that was responsible for the
bombing of Hiroshima and Nagasaki. Nuclear enewgy lee used for pacific means or
not. The choice and responsibility are exclusivalys.

- | agree — intervened Lucius, adding:

- But what you said about Truth revealed of théedént religions cannot apply
to different ideologies for similar reasons?

Argus answered:

- | totally agree. The process is similar. There people that after a faith crisis
adopt a certain ideology in a similar manner todhe that was the basis of their initial

62



Dialogues on Quantum Physics

belief. Other people, even without going througtaith crisis adopt the same position.
The problem is essentially the same. It is in takebthat the Truth can be found in a
book, or group of books in which a certain ideolagyfounded. A Truth that also
cannot be argued. This applies to all and notgustv.

- In science is there not the same situation? echsknadeus.

- There should not be — answered Argus. — In sei¢here should be no place
for myth but only a place for constant curiosity tire search for an ever deeper
approximation of the meaning of the “book of theingmnse”. Sometimes, this spirit is
cheated by people to whom this objective is nabrastant priority and who transfer the
problems detected in the function of society inegahinto the scientific communities.
The fights for power, the fight for careers arefs that happen in the quotidian and are
almost inevitable in a scientific institution. Thage harmful to the primordial objective
of scientific activity: the incessant search foe gorofound meaning of “text” that we
want to translate.

- You said a little while ago that Newtonian phgsiagimed at proving the
existence of God? — asked interested Amadeus.

- Yes — answered Argus. — It was natural for Newttomvant that. But History
showed the ingenuousness of this position. Thigengretension did not manage to
survive. As we know, the world is more complex thiewtonian physics and
metaphysics wanted to be.

Science does not aim to prove or not the existefid@od. The most sensible
position that we can take regarding any theory isansider that it is only an attempt at
describing the phenomena to the scale in which meelearning. No theory can be
considered THE THEORY that is, as an accurate gegnr of all known and still to be
discovered phenomena. When | refer to a great phlyfieory, | do not talk in any way
about the THEORY, that is, a theory that aims todedinitive and to which all
phenomena apprehended in the past or to be appiedhen the future “obey”. You
only have to talk about great physical theoriest tils, use the plural for this naive
vision not to be assumed. Even if it were possiblereate in the future a theory that
unifies all the great theories known today, eveantive would not be able to consider it
THE THEORY. There will always be phenomena to whighwill not have had access
that will prove once more the ingenuousness of suglsion. The translation is never
identical to the original text.

- | agree with nearly everything you said — intere@& Fabrus — As you can
imagine | just do not subscribe totally to the raffation that science demonstrated,
throughout its history that it is reasonable toidwa there is something besides the
subject. As you know, Niels Bohr would not subseribtally to that affirmation. He
would say that it would be taking it too far, besawscience or quantum physics showed
that the subject had a more important role in thiégdimg of knowledge than even Kant
would admit to. As you know, according to Bohr, wan only speak about what we
measure, not because before the measurement weotdenow the value of the
measured size but because before the measure wetaaowed to know if what we
measure exists or not. The only thing that we qeralk about is a group of potentialities
with a determined probability that in a future me&asnent will be observed.

Let us imagine that we want to determine the pmsiof a certain quantum
particle. As you know, it is necessary to knowwwsese function that is the solution of a
certain equation like, for example, the equationSahrddinger. According to the
Bohrean quantum mechanics that wave function alldtws calculation of the
distribution of probabilities associated to possildcations in which the particle can
eventually be detected. Before we detect it, lmefoe check in which position it will be
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detected, the only subject we can talk about it shane distribution of probabilities.
Before the measurement, we cannot speak aboutoigon the particle is in but only
of the potential positions in which we can detéthiough a later measurement.

Before the measurement we do not know the locaifaihe particle. The most
that we can say is that there may potentially balinegions of space in which the wave
function is different from zero. When we measurs position it is when it
“materializes” in the position it is detected inhi§ is when the potency becomes an
action.

If we state that the quantum particle was in tlwation we detected it in before
the measurement operation, we would be saying tp@ntum mechanics is an
incomplete theory. This position is an inevitablensequence of the principle of
complementarity introduced by Bohr in 1927. Thispiple constitutes the touchstone
of all quantum mechanics. What this principle dze® relate the indeterminism that
we spoke about in the position measurement of antqoa particle with the
indeterminism in the speed measurement of that spraatum particle. But what we
said for the position is still valid. That is whydb not agree with you when you state
that science would have demonstrated throughouhi#i®ry that it is reasonable to
believe that there is something else besides thedu

- You are right in pointing out that question, whis unarguably the crucial
theme of all physics of the #@century — agreed Argus — Although we have differen
views about this you are someone with whom onedisguss things. It would be good
if all physicists when they start learning quantarachanics were obliged to read the
two first works presented by Bohr. The first wasmelan the Conference at Lake Como
and the second in thé"Solvay Conference, held in Brussels in the autemn927.
Maybe then they would understand the deep mearifplorean quantum mechanics
and not only learn to apply quantum formalism te #volving of certain problems,
which is also important.

- What are you two on about? — interrupted Amadeumusly.

- The fundamental problem of physics of thé"2@ntury that overflowed into
physics of the 2Lcentury — answered Argus, adding:

- But today it is a bit late. The theme is compénd we should talk about it
more carefully. Let us leave it for a next meeting.

We said goodbye and | was interested in contintivegdiscussion as soon as
possible.
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THIRD JOURNEY

It was Lucius, once again, who promoted a new mgetie intended to clarify
something that had been hovering above the prewilsgues. For that reason, he
invited us into his home.

Upon our arrival, our host sat us around a smélletdilled with drinks fit to
please everyone, tea, cakes, and other appetidezsthe usual chat and after everyone
had been served, Lucius opened the dialogue.

- 1 would like to clarify an issue recurrently refed to in our previous dialogues.
Nevertheless, Argus and Fabrus’ diverging positiese not deeply explored. | mean
the divergences outlined on the fundaments of quanphysics. A theory which,
according to Fabrus, would be the best and mostgar¢heory that mankind could ever
conceive.

- | can understand your interest — Argus begahprelsently there is any scientific
controversy with profound epistemological implicais, it began in 1927, on the
fundaments of the quantum theory. The quantum vhease, and still rises, such deep
issues, issues that question deeply such rootediatimms of our relation with the
world, that, inevitably, such controversy lingered until the end of the 30century,
and extended to the 2Xkentury. The Bohrean interpretation of quantum hmaaics
questions the possibility to proceed within thehpateated by Galileo's physics up to
1927. It may sound weird, putting it this way, lwiten we come to understand the
guantum theory, and to do so we need to undersfamdconsequences of Bohr's
principle of complementarity, we realise how deep lvave plunged ourselves in more
profound gnoseologic problems.

In fact, what the principle of complementarity mgawhat it stands up to the
most, is the existence of an irrational and irréoleaesidue, which, no matter how hard
we try, we will never be able to go beyond. | uguamploy a sentence composed of
two sentences from two different characters, butkwhre deeply related. | am referring
to Herald Hgffding, Niels Bohr’s philosophy teacherfriend of his father, and later on
also his friend. This author claims théere is an irrational and irreducible residue
which, no matter how hard we try, we will neverdide to go beyond. Bohr adds tiitat
(the residue) is now expressed in a mathematibatig way

If we join both sentences together we obtain tHievieng: there is an irrational
and irreducible residue, which is now expresse@ imathematically lucid wayThis
sentence holds the fundamental problem raised By athodox interpretation of
quantum mechanics or the Bohrean interpretation stiti, the interpretation of
Copenhagen.

- You mean, ho Argus, that science itself, in thasticular case, physics, would
have substantiated a limit to our capacity of raity understanding the world? —
Amadeus asked, intrigued.

- Bohr most certainly defended that — Argus conéidn— And more, all those who
coherently defend the orthodox interpretation oArgum mechanics have to be fully
aware of that fact. To accept this interpretati®rio resign from understanding, using
the rationality we began to build in Ancient Greecegarding certain observable
phenomena.
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To better understand the origins of this great rowatrsy it is useful to analyse an
interesting and significant example taken fromMfgtory of science. The phenomenon
of interference, for example.

This phenomenon is observed when we make light fsasource go through two
holes placed at a certain distance. We may illtestthis situation through the same
sketch we have already used in the Second Jountkewlich | will again draw here:

Fig. J 3.1 Young’s experiment.

As we have seen before, this experiment was madidddfirst time in the 1800s
by an English doctor called Thomas Young. Thathis teason it has been named
Young's experiment.

We also know that Augustin Fresnel, between 181b1821, managed to explain
this phenomenon from a wave conception of lightcgkding to this theory, the light
emitted by the source is composed of a wave, waptn arriving at the surface with
the slits, originates two waves. These two wavepagate and overlap themselves. On
the target, which is placed relatively apart frdre holes, we will observe the result of
this overlapping. This result is precisely an ifeésgntial pattern. Fresnel managed to
explain this phenomenon resorting to the wave qoimme of light.

What matters here is that this phenomenon seemskes evident that light is no
more than the disturbance of a subtle medium, aiumedvhich the 19 century
physicists baptized with the Aristotelic designatiof ether This light wave theory
came to be accepted by the scientific communityerAt873, when Maxwell published
his Treatise on Electricity and Magnetisrthis theory was integrated into a more
general frame of Maxwell's electromagnetic theory.

From then on, light would be no more than a simpbaticular case of
electromagnetic waves. It would be distinguishdlden others only because our eyes
can perceive it. We can therefore say that liglioised by electromagnetic waves of
the visible bandwidth.

- 1 do not see a controversy so far - Lucius inteted, intrigued.

- Of course not. - Argus replied, smiling - If tkewas a problem at the time, the
Newtonians had it, since they, rather reluctanthgpandoned their corpuscular
conception of light. They offered some resistara=e) have told you before when we
discussed Poisson’s luminous point, but they engegecognizing the superiority of the
wave conception of light to explain optical phenome
There has been a change in paradigm here, in theydar case of optics, later
integrated into a more general framework of elentagnetic phenomena. This change
was based upon the superiority of the mathematieatription of these phenomena
from a wave conception. However, even after thesnmomised and admitted the
superiority of the wave theory, during the remaimdethe 19" century they tried to
uncover the mechanical properties of the mediumclwigupported electromagnetic
waves. If they were to admit the existence of swakies, they would have to integrate
them inside the Newtonian paradigm, assuming thgstiof the verb to undulate, the
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medium which supported those waves, would be kejptirwthe borders of the
Newtonian physics.

Lucius tried to clarify his ideas.

- But such a change in paradigm did not create umdbary to our capacity of
gradually understanding the phenomena we observea sense of making them
intelligible. To go from a corpuscular descriptitman undulating description of light
may have been hard for those who invested theideviinves in trying to develop the
first one, but | do not think this would distressr @arust in the path which Galileo has
drawn for us. Like it has been said, this pathrndteto mathematically describe the
observed phenomena, even if Galileo restricted ihé mathematical description of the
mere change in position.

- So far - Argus continued — there is no epistemgickl problem that leads us to
mistrust our capacity to rationally understand Wnarld. Nothing that can make us
hesitant upon our ability to build an increasinggtter mathematical description of
physical phenomena.

Surely a wave is not a change in position like dhes Galileo was trying to
describe. But it can be interpreted as a resutthahges in the position of the particles
that form the medium which supports those waves.

The problem has emerged already in th& 2éntury, when Einstein and his
explanation of the photoelectric effect introdudkd concept of the light-quantum in
physics, which we now refer to as photon.

The reasons which led him to introduce such a quneere mainly derived
from a set of experiments performed by Hertz, an@@er physicist. This physicist made
luminous radiation fall upon a metal plate, suchzes, and verified that electrical
current was produced. This phenomenon was calledoplectric effect. That is, the
conversion of luminous energy into electricity.

Now, this photoelectric phenomenon showed that ititeraction between
luminous waves and matter connected more withréguency of radiation rather than
its intensity.

This conclusion introduces something that was,| tinéin, strange to a physics
that had only studied mere changes in positiongmeecisely, local movement.

Of course, Maxwell's electromagnetism had alreaddnadinced that the
Newtonian philosophy, or Newton’s mechanical attetigpexplain all phenomena,
would encounter great obstacles ahead. As | sd@eheduring all of the 10 century
there were numerous attempts to find a medium west described by Newtonian
mechanics and that could support electromagneti@sval hus, they tried to integrate
those waves in the general picture of the Newtonmachanics. We now know these
attempts have been fruitless. No medium whose laimagould be described by the
Newtonian mechanics, such as fluids, such as aivater, could act as a support for
those waves.

- Can we call it a scientific revolution? — Lucasked.

Argus replied:

- Not one with the dimensions of the 17th centemofution, no! That one represented,
as we have seen before, a huge leap towards andewstanding of the world, towards
a new epistemology, towards modern science. Withainkind earned some trust in its
ability to understand the Great Book. This Book&smanently open before our eyes,
just like Galileo claimed. But do not forget thatthis revolution the only change one
dared trying to describe was the simple changesitipn. Devir, change, birth, ageing,

in short, movement in the broad sense the Greekthed to this word, wasn’'t even

addressed. What Galileo dared to make intelligithiat is to say, what he managed to
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mathematically describe, was local movement, a nofx@nge in the position of
materials bodies, whose only significant features waat they had mass, a concept
which was later introduced by Newton. ThBevir that men were able to
mathematically describe was not movement in itsleshbo reduce the studied object
to local movement and being able to mathematiadigcribe it, that was the greatest
deed of Newtonian mechanics.

- Why do you speak of this again? — asked Lucius.

- Let me continue - asked Argus who carried on:

- Einstein, with his explanation regarding the pletéctric effect, had given
another step in the slow but already long procdssse beginning was based upon the
observation that the emission and absorption atrelmagnetic waves by matter would
prove that each element could only absorb elecoetec waves with certain
wavelengths.

During the end of the 19century scientists had studied the electromagnetic
radiation characteristics that matter could emalzsorb. The most studied element was
hydrogen. This was due to the fact of it being thest simple of all elements.
Hydrogen emits radiation both on the visible sidd eadiation with wavelengths not
detected by our eyes. It was Balmer, while studyiregradiation emitted and absorbed
by hydrogen in the visible side, who managed tateren 1895 an empirical rule aimed
to calculate the several wavelengths of that sadmtion. Others followed, such as
Paschen’s (1908), Lyman’s (1906-1914), BracketR®)%nd Pfund (1924), that is, a
complete “cartography” of wavelengths the hydrogésm could emit or absorb. For
all other elements and molecules there is a sinsifwration. When Balmer and
Paschen's series were established there was netibabframe in which they could
integrate into. They were empirical formulas. Hoem\Lyman's series started being
built under the same conditions, but in 1914, witewas finally completed, the
situation had changed.

We can still recall a whole set of experiments madéManchester, at the
Rutherford laboratory, that became quite importhaim talking about the experiments
where positively charged particles were projectgalrest a very thin golden sheet. One
observed that most of them did not suffer any defdne few that did detoured were
as if the atoms’ positive charge that constitutesl ised sheet was concentrated in a
space area much inferior to the one that was uptbah considered to be the atoms'
dimensions. That dimension had been underestinhgtéte kinetic theory of gases and
by the statistical physics.

It was after the performance of these experimdatsNiels Bohr, in 1913, who
was working at the Rutherford laboratory at thateda&laborated an atomic model.
Another model amongst others that intended to exgite peculiarities of the emission
and absorption of electromagnetic waves by matidrthat were in accordance with
these new experiments. In those models atom wasideyed as a tiny “planetary
system” that, beyond those positive charges, wpagsess the overwhelming majority
of the atom’s mass. The electrons would rotateratdiie nucleus with much less mass
and with a negative electrical charge. The forspaasible for the electrons' attraction
would be essentially electromagnetic given the itggnal force exerted between the
nucleus and the electrons is insignificant. It @asodel similar to the solar system, in
which the attraction force was electromagnetic roicgravitational.

Besides that and this is where Bohr’'s model diffesen the previous ones, he
postulated that electrons could not occupy anyt anbén arbitrary way. Only a small
number of orbits were accessible to electrons. &rhession of radiation would occur
when an electron would pass from an orbit with @atgr energy to an orbit with less
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energy. The energy difference between those twitsormuld have to be a multiple of

an energy quantum, that is, photon energy. Theggrnmsrrespondent to each one of
those orbits would be calculated in accordance waldsical physics. When an atom
absorbed energy, that would correspond to the gasslaan electron of an orbit with

greater energy into an orbit with less energy. ahisn model would manage to take on
the characteristics of the so called emission dmbrption spectrums. It was now
"understood” why frequencies or energies absorlyedrbatom were similar to the

frequencies or energies it could emit.

But there was a problem left, and it was not a k¢! Classical physics
showed that an electrical charge suffering acasteravould radiate energy. Therefore,
while describing orbits around the nucleus electraere being accelerated due to its
speed not being constant. Even if the electronsit evas circular and angular speed
was constant, that is, if they described equaleangiithin equal periods of time, speed
would constantly change direction due to the ertteof a force attracting electrons to
the nucleus. A charge would not suffer acceleratiocase its movement was straight
and uniform, which was not the case. Since cham@asrding to classical physics,
would radiate energy, they would inevitably loseeqy which would inexorably make
them fall into the nucleus. This would cause tlwerato collapse. This entirely classical
model did not allow us to understand the atom’sikty

This was precisely why Bohr introduced ah hochypothesis when he claimed
that if a nucleus was connected to certain orthitselectron would not radiate energy.

- As far as | know, that model was hugely successiaterrupted Lucius. - |,
being a layman, know that one is the atomic modekpied nowadays, roughly
speaking.

- It is — Argus continued. — That is what peoplanimally informed believe,
however, | regret to disappoint you, that is not ptesent conception of the atom.
Quantum mechanics came to radically change thateqbion.

- But tell me then, which is the atomic model prelseaccepted? — Lucius
inquired, intrigued.

- To answer your question we must proceed slovdlgid Argus, continuing:

- In spite of the enormous conceptual hardshifiscied, since it accepted and
rejected classical physics as it pleased, Bohosa&t model had, as Lucius pointed out,
a huge success. But, as empirical knowledge preggesiore difficulties came along,
in such a way that, as soon as 1924, there wa®a drssatisfaction towards the
conception of such a model.

Afterwards, that initial semi-classical, semi-quantmodel is developed, it ends up
originating the orthodox quantum mechanics, or @bpgen’s. This theory allows us
to determine, with a great deal of precision, tiegdiencies that had been observed in
the case of hydrogen in Balmer, Paschen, LymargkBtaand Pfund’s series, which |
have already told you about. Nowadays, that glhkts extended to other elements and
molecules. Today, this is not arguable becausastawriceless cognitive achievement.
Orthodox quantum mechanics, from an operationaltmdiview, works quite well. It is
here that we can state that this is the best thexey elaborated by man. But, when it
comes to its implications in the field of gnoseglothis is the most controversial
theory ever built.

- But is it not a paradox? — Lucius asked, surgrise

- It may seem so, but it is not — Argus replie@Quantum physics works fine in
these cases. The major problem of quantum physsidas mainly in the fact that it is a
linear theory. A linear theory imposes that what ave able to predict of what we
observe when studying a big number of quantumiesititve are also able to predict
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while observing just a few, or, in a limit situatica single quantum entity. These last
situations are precisely what originated the coarsy.

- Could you elaborate on that? — questioned Lucius.

- | will try — Argus agreed. — As | have told yaeyerything originated in the
realization that quantum entities had both corplascand wavelike characteristics.
Between 1924 and 1927, it all happened very quidkiyill not go further into details,
but | can say that the two main scientific resegrabgrams were developed in this
period. One in Gottingen and another in Vienna.

In Gottingen, they have built a theory based up@Newtonian mechanics in
which classical observables were replaced by monmeptex mathematical structures,
which mathematics called matrixes. On the basithisf scientific research program
there was an exclusively corpuscular conceptioguaintum entities. It is important to
underline here that it was within the frameworktoé program that Heisenberg, early
in 1927, came to his famed relations, which, delithappropriately, were named
uncertainty relations.

On the other hand, in Vienna, another scientifseagch program followed, in
which quantum entities were regarded as mere wétvissalso significant that it was
within the framework of this scientific researclogram that Schrodinger came to his
famed equation, which was named after him.

Besides, Schrddinger himself showedl 986, that the problem’s formulation
achieved in Gottingen’s research program was fdynegluivalent to his own.

Neils Bohr knew all this by the time Heisenbergkied him up early in 1927 to
tell him of his great discovery, that is, his unagty relations. As we know, Niels
Bohr was very hard on him, saying that what Heisemlpresented him was a mere
mathematical construction. All of that lacked plegsiinterpretation. Bohr was fully
aware of the fact that one cannot build a theoryabke of accounting for the
phenomena known until then, without simultaneousbnsidering the wave and
corpuscular characteristics that quantum entigesned to have. That is to say, he was
aware that it was necessary to build a theory dapabintegrating the wave and
corpuscular characteristics of quantum entitiesatTis what he worked on between
February 1927 and August that year.

- Are you saying that Bohr managed to integrateséhtwo concepts, the
concept of wave and the concept of corpuscle, ithemry that was capable of
describing the experiments’ data? — Lucius asked.

- That was Bohr’s remarkable deed, which he felfilin his own way. That is
exactly how he managed to achieve that syntheaisgmerated the huge controversy
that you want us to discuss - Argus replied. —dsw that process that the principle of
complementarity, which is the conceptual basis, rietaphysics of the orthodox
interpretation of quantum mechanics, emerged.

- But what is the principle of complementarity afdl? — inquired Amadeus.

- The most general statement claims that theraa$ation of complementarity
between a time-spatial description and a causarigésn of quantum phenomena -
Argus, with a hint of provocation, answered, andeat

- The more we wish to describe phenomena in adingespace framework, the
less we will be able to establish a causal nextwd®n those phenomena, and vice-
versa: the more we try to establish a causal neatygeen phenomena, the less we will
be able to describe those phenomena within theefraork of space and time.

- But what is the relation between the principlecomplementarity with what
we have been discussing so far? - asked Luciusguetl. - So far, we have been
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discussing corpuscles and waves. What does that thaglo with the time and space
concepts, or with causal relations between phenafhen

- It is strange, isn't it? — asked Argus, in orttereply. - But this was the more
general statement that Bohr gave to this famouscipie which shaped the whole
history of physics in the tcentury.

A lot has been argued about the way Bohr succeédeobtain such an
interpretation of the quantum formalism. The o#icposition of the Niles Bohr
Institute is that there is only an interpretatiarsgble of the quantum formalism and
that Bohr, without a trace of influence, solelyailngh his geniality, was able to find it.
This was precisely the position of a scholar irs theld, charged by the Niels Bohr
Institute with the responsibility of publishing alume of theCollected Work®f Niels
Bohr, under the title o€omplementarity Beyond Physi@d which tries to analyze
every possible influence Bohr may have had. Theoresible for publishing was David
Favrholdt, who, in all his articles and in the bdukwrote on the subject, has always
defended that Bohr was not influenced in obtairiirggonly possible interpretation of
the quantum formalism. | totally disagree with thitis is not true. As | have told you
before, there are other interpretations of the gumarformalism which reveal the same
ability as Bohr’s of agreement with the observednamena. | am referring to David
Bohm and Louis de Broglie’s interpretations.

David Bohm'’s interpretation of quantum formalisncseeds in obtaining every
result Niels Bohr’s interpretation does. It canrmiyever, predict new experiments in
which the results differ from the ones predictedNbgls Bohr’s interpretation, or the
orthodox interpretation, or the Copenhagen intéatiemn. Thus, choosing one or the
other, is only a question of philosophical taste.

On the contrary, the causal and local interpretadioLouis de Broglie, besides
obtaining the same predictive ability, presentsepthignificant arguments. In the
general framework of this causal approach, thenee H@een proposals, for several
years, regarding experiments that predict resuitsrent from the ones Neils Bohr's
theory predicts. The existence of these two pasgitikerpretations for the quantum
formalism, which | have just mentioned, clearlywldhat Bohr's statement of having
found the only possible interpretation of quantwmmfalism is not true.

Besides, due to what we have discussed in thequgyourney, it is always
reckless to state that a certain vision of the avizrkhe only vision that can be obtained.
| can understand that some people have an interefending this position. | can
understand that some people like it that way antbtconvince others of it. But such a
position is nothing but a wish. Maybe religiousiéksl would enjoy that this was so.
They would wish that the vision of our relation hwithe world adopted from the
Copenhagen interpretation was the definitive anstlas representing the surrendering
of science, that is, of the fight to increasinggftbr understand the world, ourselves and
our relation with the world.

- | imagine Bohr was influenced by previous thirkkéhat lead him to his
propose his indeterministic theory — Lucius risked.

- That is a very interesting theme and many authave already approached it
— Argus replied, and continued:

- Some authors have tried to find that influenceSmren Kierkegaard, the
Danish philosopher, nowadays considered to be btiteedounders of the existentialist
movement. It is important to signal the fact thas tphilosopher was considered by
Niels Bohr’s father the main responsible for elexgathe Danish language to a cultured
language. Others have tried to find this influemcéWVilliam James, the American
pragmatic philosopher. Other influences were squght the most plausible, | would
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say the most evident, was the influence of hisogbphy teacher in Copenhagen:
Harald Haffding.

This influence has been mentioned for a while, rmituntil the late 80s and
early 90s of the 20 century did several works advance the possibititynew
arguments to sustain it in a very plausible waye Works of Jan Faye, Danish, showed
the invalidity of Harald’s influence. Hgffding walihever have been able to exert such
influence over Bohr, since their lines of thoughdrey different. They kept in contact
throughout Heffding’s whole life, even if this cant may have diminished from time
to time.

The influence of a man of culture, such as Hgffdirag, had been recognized
by Bohr, and not by mere courtesy. | can tell yoat in a letter from February 12,
1924, found in Harald Hgffding and Emile Meyersonsrrespondence, Hgffding
informs the French philosopher that Niels Bohr badgratulated him on the use of the
word relation instead ofrelativity in the title of his essay in Danish on the comhedp
relation.

Bohr’s interest in this book by Hgffding is curguat a time where the crisis of
the first atomic theory, or rather the first prajéar an atomic theory, created by Bohr
himself, was clearly established. Acknowledging Bolundeniable exactness, it is
inadmissible to assume that he would express a grew book whose content he did
not know. In this book, Hgffding makes an elongadestertation on physics and its
concepts, which did not leave Bohr indifferent. d@mment on the title of this work
by Hgffding allows us to conclude that he took rterest in his teacher’'s work at the
time, and not only while he was his philosophy shidin the University of
Copenhagen. It is this very book that has a secttated with Bohr’s principle of
complementarity. Today, | came prepared, and | itdwere with me.

On pages 197 and 198 of the 1924 book entRelhtion as a categoyafter
disserting about the categories of continuity ailsdantinuity, a recurrent theme in the
philosophy of all times, Hgffding stated the foliog: “Continuity and discontinuity
are co-relatives, which feed each oth&€hey designate different points of view and
different operations; the history of science shdww/ both, one and the other, claim
precedence, but in such a way that the fight betwleem is always reopened. No one
has shed a more enlightening light over their lielaship as Henri Poincaré, when he
said: «This fight shall last for as long as we make sa@efhar as long as mankind shall
think, because this fight is duetto irreconcilable needsf the human spirit, of which
that spirit cannot deprive itself of without ceasio exist, the need to understand, and
we can only understand what is finite, and the rteesee, and we cannot see but the
extension that is infinitex.” This sentence that Hgffding enthusiasticallyotgs,
making these his own words, can be found in the émtitled Les Conceptions
Nouvelles de la matieyérom the boolke matérialisme actugbn page 67.

As | have said, Hgffding is using this sentencePloyncaré in order to make
them his own words. Hgffding defended that Psyaholvas the phenomenology of
thought and the laws detected in it would inexoraptopagate to all levels of
functioning of the human thought. All human thoughtould have to be
“psychologically possible according to Hgffding. Moreover, he defended the
existence of a complementarity relation, in thecexanse that later on Bohr came to
introduce in physics, between the two primordigigh®logical functions, that is to say,
to see and to understand. It is in this sensehthanthusiastically quotes Poincaré.

Hgffding himself exports this complementarity tela to philosophy, another
level of functioning of the human spirit. Here, witably, because it would have to be
psychologically possible, there would be a relatdrcomplementarity between tlze
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priori forms of understanding according to Kant, whichshghtly changes, and ttre
priori forms of sensibility. Within the first ones, thaf the categories, he points out the
category of causality for having an undeniable ifigance in the scope of scientific
knowledge. The second ones, as we know, are theepts of space and time. After
this, when we read the more general statementBbhat gave us on the principle of
complementarity, we can easily relate it with Hafffls general epistemology. In that
statement, Bohr claims that there is a complemigntaelation between a causal
description and a time-spatial description. Thetioaity line is far too evident to be
neglected.

- To my understanding, that level of functioningtbé human thought which
corresponds to scientific knowledge would also hwvée psychologically possible! -
interrupted Amadeus.

- It could not be any different. Bohr’s positioritest being properly clarified,
had to please Hgffding — continued Argus. — Thathsit Haffding intended when he
tried to discuss with Bohr the implications of tmew physics in the general
epistemological framework, which was his own. Haffdwas a man of great culture,
but he was not a man of science, and he needed tBobkplain to him the new
developments in physics. For that reason, he coeletr have been the one to extend
the notion of complementarity in psychology andigdophy to physics. Bohr was
responsible for that.

Some, less perceptive, may ask themselves if inagiantum formalism
itself which lead Niels Bohr to introduce the piple of complementarity in physics
without any external influence. This is David Faddt's position, which | have
previously mentioned. But that would narrow dowa #tatus of a man that Niels Bohr
was. Bohr was not a scientist to be closed indideftamework of problems raised by
the physics of that time. Surely, he knew thosébleras better than anyone, but his
concerns were a lot wider. Niels Bohr has earneaséif a status in physics that few
others have achieved. With a similar status, | @oauly mention two others: Isaac
Newton and James Clerk Maxwell. The three majooriles in physics were established
by these three men. As you know, | am referringNewton’s mechanics and
gravitation, Maxwell’'s electromagnetism and, of @) Bohr's quantum mechanics.
One who is able to construct theories such as tres®ot be focused only on the
problems raised by physical phenomena.

- How can you be so sure of that? - Lucius said.

- In Bohr’s case, which is what we are interestedtiwould be necessary to
read every work in which he refers to psychologg biology in order to understand the
broad view of his concerns. He tried to extendgheciple of complementarity to the
domain of biology, but his attempt failed roundhete, as we know. The discovery of
DNA defeated it.

It would not be possible for me to refer to alltbis here, since we would drift
from our dialogue’s main purpose, but we may edsilg it in his writings and in the
works of Lily E. Kay and Jan Faye. However, in arttesubstantiate the general frame
of Bohr's concerns, it is inevitable to quote theefview he gave on the # November
1962 to Thomas S. Kuhn, Aage Petersen and Erikrigedi This interview has been
profusely quoted before, but it is never too mudke should be grateful to Kuhn for
having asked the question which helps us to sutistarthe general frame of Bohr's
concerns. In that interview, at some point, Bohnfessed that he intended to write a
philosophical text while he attended the Universaty Copenhagen, and Hgffding’s
classes. | am incapable of textually reproducingrBowords here, but | can summarize
his reasoning. In a slightly confused manner, e kahn and the other interviewers,
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that while he studied philosophy and Hgffding wessteacher he had intended to write
something on the problem of the succession of thes@ousness state. A problem
which falls into the domain of psychology. He haeéd to make an analogy between
that succession of the consciousness state, whackphcifically associated with the
problem of free-will, and certain mathematical ftiows. The explanation became
rather confusing: a 77 year-old man rememberingdaa of his youth. At one point,
Bohr interrupted his speech, faced Kuhn and inquif®o wish to ask any other
questions?And Kuhn takes the opportunity to askfés. How did this kind of problem
come to you for the first time? With whom have gfpaken of problems like free-wll
And Niels Bohr answeredl do not know. It was my life, in a sense, youwnd It is
important to stand out that the interview was tocbatinued the following day, but
unfortunately that did not happen, since Bohr pdssgay that night. We may then
consider these words as Bohr's last words abosé theblems.

- But that complements Bohr's confession that thablem of free-will was a
central issue in his life!l — intervened Lucius. s it not that this problem was
intrinsically connected with those difficulties vaévays feel when trying to understand
the world? Couldn’t that irrational irreducible idise you have been telling us about
reside there?

- | very much think so - answered Argus. — | do fiad it hard to admit that
Bohr’'s concerns made him the only one capable tefpneting quantum formalism in
the way he did. His philosophical and epistemolabooncerns were what allowed him
to glimpse something he considered to be fundarheata that would always be
present in quantum formalism. That was the readonBohr believed, more than once,
that there was a connection between a given fosmadind something that would be the
irrational and irreducible residue, which, no matiew hard we tried, we would never
be able to overcome. Bohr believed that this forsnalfinally and definitely traduced
the hardships we find while trying to understanel world, scientifically speaking. This
was how the irrational and irreducible residue i formulated, through a principle
of complementarity, in psychology and philosophteaded to physics. To Bohr, that
principle would now be expressed in a mathematickltid way. These were his
deepest philosophical and epistemological belieféch allowed him to find a way of
extending the principle of complementarity to plegsiand therefore, to science.

What gave Bohr a chance to shape the whoft@dtury history of physics,
was precisely what | have just mentioned. But beébeve, and | say it one more time,
that we will be moving too fast if we intend thatertain theory, and in the case of
guantum mechanics we may speak freely of theomptpout limits in our capacity to
rationally understand the world.

It is a mistake, so naive as the mistak® &8ntury Newtonians made when
they claimed the Newtonian physics was a descnpdibthe world as it was. | repeat
once more that a theory is not, and can never B& THEORY. This is a mistake in
which, unfortunately, some men of science incunggtiing their human condition,
they get too much carried away by their deeds.

It is understandable that a theory like quantumhmaeics, which is imposed
through the grandeur of its formalism, the abilitydescribe phenomena with great
exactitude, and which raises, so evidently, oulitglib intervene in the world, leads
some to an over enthusiasm, intending it to be ri@e it actually is. A theory is based
upon non provable claims, postulates, which commemns with a given ontological
position. That ontology can only act as a basisbigiding a formalism that can only
intend to describe phenomena at the scale throdngthwe apprehend them.

74



Dialogues on Quantum Physics

I remind you once more that the Great Book of Naiarstill not completely
accessible to us, and | do not know if it will eber. Even as for the set of phenomena
to which we already have access, there is nothiaty ¢an ensure us that it is not
possible to find a more general and more fertigothtical frame. Physics, although it
has been able to produce three first line majooribs, still is, largely, a patchwork
quilt.

- You speak of three theories, but in the fieldpbi/sics, there are more! —
Fabrus intervened. — You do not consider thermoahycsga theory?

- Of course it is a theory - replied Argus. — Butloes not share the status of
the three theories | have mentioned. Statisticgbials, to which | would rather refer to
as statistical methods in physics, has alreadyegiated classical thermodynamics in
the general framework of Newtonian physics and le frame of Maxwell’'s
electromagnetism. Therefore, | would say that tleelynamics is a second line theory,
since the metaphysical frame it moves in is the @heassical physics. We could still
mention quantum statistics, but even there, ibésdvident that the ontological frame in
which they move is the one quantum mechanics.

- And what about the special relativity? And whiabat general relativity? You
do not find them to be physical theories? — Fabrqaired.

- In the sense | am defining them, they are notrgué answered. — | would
dare say those are only theory projects. Like theadled Big Bang "theory" which is
no more than a theory project. And also the quarfield theory. Theories they have
being trying to build in the domain of the so cdlleigh energies physics are also
nothing but projects. None of them can be givenstlatus of the three theories | have
mentioned. These are first line theories. Thermadyios is a physical theory, yes, but a
second line physical theory, even if it was a fins¢ theory at the time it was created.
Wave optics and geometrical optics are seconddmsical theories, in spite of, just
like with thermodynamics, they have been first lileories when they were first
created. The same will happen to present day qomantechanics regarding its formal
aspect and its ability to describe what we obsefeglay, we can rest assured that it
will be so. It will then carry the status of “theoalynamics” of quantum phenomena.

As you may easily understand, | am not a fan ofRtbpperian falsification. A
first line physical theory is not falsifiable. Weagnonly find limits to its applicability,
or come to consider it a second line physical theorthe future. A first line physical
theory may not be falsifiable because it cannotiies the object itself. It can only
describe the phenomena to the scale by which weridesthem, and that is the only
court where it can be judged. In such a courtait lse condemned for being a fake.

To a first line physical theory, it can never hapgbe same as to the deferent and
epicycle model of pre-Keplerian astronomy. That caenot be regarded today as a
second line physical theory, because it has negen la first line physical theory. It
lacked, for example, the requirement of increasiagability to act in this world. Tools
whose functioning was based on that model coul@mnieg built from that theory. It was
based upon a determined ontological commitmemiadt a mathematical basis just like
a theory should in order to be considered as stidescribed planetary movement with
an exactitude which was acceptable at the timéad a capacity to predict future
phenomena, such as eclipses, but it was not capHbleredicting non explained
phenomena like meteors, or those which were unkrtmefore it was created, nor did it
allow, | repeat, to increase our ability to acthe world.

- This is a very interesting subject, but we anitidg a little from the theme
which was proposed for this journey — interrupteshadleus. — We were talking of
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guantum mechanics and if it was able to substandédimit to our capacity of rationally
understanding the world.

- All that we have discussed is indissolubly conedc— answered Argus,
adding:

- The position | am defending does not allow usdoept that conclusion. A
physical theory does not describe the noumenonpliect itself, but a limited set of
phenomena. To inductively try to conclude that possibility to rationally understand
phenomena has irreversible boundaries set by guam@chanics is unwise.

- Argus, when you say quantum mechanics is a theamy you saying it
verifies every validation criterion of a scientitlteory? — Lucius questioned.

- It could not be in any other way — Argus repliedt verifies all mentioned
criterion. It is based upon an ontological commitindhat commitment claims that the
conceptions of corpuscle and wave are irrecon@lakkds of the human spirit, which it
can never overcome. It is an ontological commitneérd clearly idealistic nature. It is
based upon a mathematical support whose semasticxdelibly connected to that
ontological commitment. It quantitatively descrilibe phenomena and we can apply it
with remarkable approximation. It also allows fa¥sdribing phenomena unsuspected
until then, such as, for example, the tunnel effEatally, it allows us to increase our
capacity to act in the world, by allowing us to Idunew instruments which would be
unachievable without it. | could speak of semidbactors and their miniaturization,
which allows having on our desks computers with iaformation storage and
calculation capacity that would have been unimdgmabefore. | could speak of
electronic microscopes that would allow for greeigpess in other scientific fields, |
could also speak of more recent and more poweufulel effect microscopes. All this
is now accessible to us because quantum mechaxigts.eWithout it, none of this
would be possible.

- You have said that the ontological position thigpports quantum mechanics
was a position of a clearly idealistic nature. ld#a is, as far as | know, a philosophical
attitude that denies the existence of a reality handependent from the subject. Is this
not equivalent to denying an ontology? — Luciugsnnéned.

- That is not my opinion — Argus replied -, sincee extreme idealism like
Berkeley's solipsism inevitably takes on an ontatay position by denying the
existence of noumenon, of reality. When you demyekistence of the object’s reality
itself according to Kant, you inevitably make anaagical commitment.

The orthodox interpretation of quantum mechanicEntd that before the
measurement operation there are only potentialitiesdefends that before the
measurement we cannot speak of the quantum objezlgy which we intend to
measure. Since orthodox quantum mechanics prockairoe a complete theory, before
the measurement the quantum object does not havstdtus of being in action. What
exists is a mere set of potentialities. In otherdspbefore the measurement there is no
noumenon and no phenomena in the Kantian senge, ihenly a series of potential
states with a certain probability of becoming atioacthrough that future measurement
operation.

In this sense, as a last resort, the observeresreatlity out from the various
possible potential realities, and which could beated by this strange measurement
operation.

It is indispensable to outline, once more, thad thterpretation is unavoidable
when we are dealing with a limited set of quantuojects. When, for example, we
make a measurement operation regarding a certaysigah property of a single
quantum object, such as its velocity, its positorts energy, we are inexorably forced

76



Dialogues on Quantum Physics

to affirm that, before the measurement, that quantibject does not have a certain
velocity, or position or energy. Whether we lik@itnot, we have to sustain that it has a
set of limited or unlimited potential states of a@ty, position or energy, to which a

determined probability is associated. This is theasurement operation that eventually
transforms one of the multiple possible potentiates into the present one. In the
measurement action, all of those probabilitiesiaseantly reduced to zero, except for

the one that corresponds to the observed statehwlnw assumes a probability which

equals unity.

All of these conclusions are, ultimately, a simptensequence of the fact that
guantum mechanics is a linear theory. A linear thdells us, as we have seen, that
what is valid for a large set of objects is alsdidvdor a single object. Quantum
mechanics describes the statistical behaviour resteifl by a huge set of quantum
entities with great precision. That is its majarmntip. The problem emerges when we
aim to apply that theory to a single particle. attcase, we are forced to assume an
anti-realistic position.

- That is slightly jumbled! — Lucius exclaimed. -olY are saying that in each
measurement operation we are creating a realityth2d is insane.

- Righteous words. When we claim that quantum mm@ickais a complete
theory and, thus, it can be applied to the desoripbf measurement operations
performed on a single particle, we are inexorabty/tb affirm that the observed reality
is created by the measurement action - added Argus.

- Some went even further. Everett claimed thatverg measurement operation
one creates as many realities as the existing paltestates before the measurement.
These are called Everett's Multiple Universes. Thimy, there would exist,
simultaneously, as many observers as there weneetssis which matched the potential
states before the measurement. But | have to bassyshould no longer be considered
science, but a mere speculative raving.

| believe Bohr himself would oppose to such delis. Bohr, when defending
that quantum mechanics was a complete theory, edfts talk of what cannot be
observed. Such a starting point leads to the faadt before a measurement operation,
the quantum object does not have a present sBatepotential states. For that reason,
one cannot agree either that multiple parallel erses that would have been formed
upon performing the measurement, and which cowemiee measured, are discussed.

Lucius interrupted, reflectively:

- Can it be that the interpretation of Bohr's quantformalism is permeable to
all that kind of reverie? Is there anyone that satkext kind of proposition seriously?

- Everett's proposition cannot be taken too setipus Argus replied. -
However, there are articles being published nowsddout the non separatability of
quantum objects that have interacted in the pagieiments are performed in which
they try to point out that characteristic of quantabjects. Many physicists believe that
this is so. This is also nothing but a myth. Wdlstee it further ahead. The explanation
of the outcomes of this type of experiment is msichpler starting from the causal and
nonlinear scientific research program based upans.de Broglie’s ideas.

This is, as | hope we may have the opportunity de ahead, a scientific
research program that starts from a realistic gbjphical position. But a non naive
realism, which does not confuse the world with wheg think of it. The relation
between the world and what we think of it is, dsaVe been saying, a simple analogy
relation and not an identity relation. We admit tthat a quantum scale, it is
indispensable to assume that the objects we adyisguiwould behave as if they had
simultaneously corpuscular and undulating charesties. On the other hand, it is
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indispensable that this theory, necessarily a neali theory, leads us to conceive new
experiments, new manifestations of those observebsracteristics. Moreover, that

allows us to conceive new instruments which wouwdt lme conceivable without such a

non linear theory.

Fabrus decided to intervene:

- Wait a moment, Argus! Differential nonlinear etjaas have been the object
of intense study for over a century. And you knaw well as | do, we have introduced
certain potentials that turn linear equations, Bteddinger’s or Dirac’s, into nonlinear
equations. Some interesting results have beenateffom them.

- | believe it is crucial to explain that subjeat,least concisely, to our friends
who do not share our academic training - interrdigtegus, proceeding:

- Those equations are two alternating postulateguahtum mechanics. You
either use one, or the other, according to the tymaibject you wish to observe. When
we want to predict the result of a measuremenbpeidd on a quantum object that has,
in relation to us, a small speed relative to theespof light, and when, you disregard
what physicists call the 'spin”, we may use Schrgel’'s equation. If no such terms are
verified, we will be forced to replace Schrédingegquation by Dirac’s. It is upon one
or the other, of both these equations, plus theraffuantum postulates that quantum
formalism is built.

But now to you, my dear Fabrus: the nonlinearayg o be a direct consequence
of postulates the new theory. The equation builinfra certain conception of quantum
objects, of a certain ontological commitment, mhbst nonlinear to begin with. We
cannot hammer down nonlinearity, if you'll parddmetexpression, by introducing
nonlinear potentials.

Quantum mechanics is a very effective statistibabty to study huge sets of
quantum objects where statistical methods can Iplicaple. The statistical method
applied by quantum mechanics is indissolubly cotetet¢o Fourier's linear analysis.
Bohr's principle of complementarity could never bBabeen achieved if quantum
formalism had not been profusely using this mathemla method. But quantum
formalism has, inevitably, applicability limits.

The history of physics in the second half of th& 26ntury is a good example
to show the sterility of those methodologies. Nafig¢he theory projects that people
have tried to develop since then, have managea tbegond the project stage. None
managed to fulfil every criterion that defines eatfic theory.

If we mean to replace the best theory men has bagable of building up to
the present day, | cannot get tired of repeatiag tiis is quantum mechanics, we have
to start from another ontological conception. Timesv conception must break with the
vision of world derived by Niels Bohr's principlé @complementarity. While facing the
duality wave-corpuscle in light of the complemeityaprinciple we may introduce all
the linear potentialities we want, that we stilllwiot go far. We will still be tied by our
hands and feet to a vision of the world which higarty reached its limits. We will
continue being vassals of a theory that can bei@ppb bigger sets of particles where
the linear statistical approximation is licit, bcan no longer be applied to studying
quantum systems in which such an approximationvalid.

- All of that is very nicely put, but as you welhéw, Argus, in science it is
necessary to build theories that can prove betizn the previous ones - intervened
Fabrus. — While the superiority of a theory oves tither is not evident, there is no
point in wasting time with interesting conversaspnvhich risk being nothing more
than that.
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- You are right — Argus replied. — In the next joeys | will discuss nothing
more than the results which can be obtained, ptigsdrom another, and not naive,
ontology. An ontology based on the ideas of Lo@®Bdoglie.

- We will certainly expect for it to happen quit@os — Lucius concluded.
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FOURTH JOURNEY

Late that afternoon, after having crossed pradyiadl of Lisbon in the midst of
infernal traffic, | finally headed, on foot, towardhe Eternal Return bookshop. | was
very interested in the discussion we would haveayodifter having crossed part of
Bairro Alto, | arrived at the bookshop and foundttrgus and Fabrus were already
there sipping tea. | had a beer and then Amadeivedy soon after, Lucius came.

The theme we would continue today was the problérthe® wave-corpuscle
duality. This subject, as we have seen in previousneys, is the starting point of
Quantum Physics construction.

Argus addressed us to open the dialogue.

- In the early 20th century, researchers came ® dbnclusion that
guantum entities had apparently strange properfiéglse results, in spite of being
inspired by theoretical propositions of the morerdathinkers, came mainly from the
domain of experimentation. In order to shed somlet lover the problem, especially for
Lucius and Amadeus, less familiar with such subjekcwill begin with the problem of
light.

Late in the 18 century, physicists were studying the problemhef blackbody.
The blackbody is an ideal concept. It is, by défm, a body which absorbs all
radiation that falls upon it. To say that the blam#ty absorbs all radiation that falls
upon it is equivalent to say that it does not afeny of the radiation that falls upon it.
The blackbody, by not reflecting any radiationpaiéd for the study of radiation issued
by a body, without confusing this with reflecteddietion. This ideal blackbody, in
practise, can be made, approximately, with a dewidbe shape of a sphere-like oven,
with a small hole through where we make radiatiaasp It was Bohr’s physics teacher
in the University of Copenhagen who had the idealfe first time. To understand how
interaction between radiation and matter is peréatrwould allow, and it did, among
other things, to determine the temperature of thess The experimenters, from the
emission and absorption records of certain bodiad,established the related empirical
curves.

It was now a matter of finding the theoretical eegmions which allowed the
explanation and derivation of such experimentalultes | mean, to find the
mathematical formula that would describe such eigglircurves. Among other
researchers who dedicated themselves to this subgcMax Planck, who, with some
effort, published 20 memories on the subject, aretgnted a proposal to solve this
problem in 1900. In spite of having found the siolot if we can actually call solution
to the proposal, Planck was not satisfied withwask. Such discontent derived from
the fact that, in order to obtain an agreement wxperimental data, he had the need to
introduce a hypothesis he did not find satisfyingla It was thead hochypothesis,
introduced in a perfectly arbitrary way, that thmigsion and absorption of light was
discretely processed.

- Don’t tell me he meant that the energy exchargje/éen radiation and matter
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is made stealthily? - Lucius asked, intrigued.

Argus smiled and explained:

- In this case, the term “discrete” does not m&ealth. When we say that a
certain grandeur is discrete, in this case theggnekxchanged between radiation and
matter, we mean that it happens discontinuouskgt ithis performed in leaps. This
hypothesis goes against everything that was thoafjlatt the time in the domain of
physics, namely against Maxwell's electromagnetieoty, which was firmly
established at the time. In this theory, the en@sgpgociated to radiation was related to
the wave’s amplitude rather than its frequency.uddgl then, the exchange of energy
between radiation and matter was thought to vangicoously. Now, against anything
that could be expected, energy exchanges betwesimdus waves and matter, and
radiation in general, instead of being continuougbyocessed, were made
discontinuously. In fact, everything happened ahéfse energy exchanges were made
by packs of light, a jargon expression. Radiatiorergy, which until then people
thought could only depend on wave’s intensity, was depending on its frequency,
that is to say, in a more popular language, itewolPlanck’s formula that states such a
relation says that exactly: radiation energy ispprtional to its frequency. This
proportionality constant was later, and ratheryyusialled Planck’s constant.

Argus stopped for an instant, drank a little ted proceeded:

- On the other hand, recalling what | have saidoleefcertain experiments
performed by Hertz on the photoelectric effect de&bto quite awkward conclusions.
The so called photoelectric effect, as | told yoefobe, is no more than the
transformation of luminous energy into electric rgye

As Lucius and Amadeus surely know, this photoelectffect has, presently,
huge practical applications. It has many uses, sonple solar energy wrist watches to
major industrial production panels of photoelectmergy.

As | have previously said, while discussing thiteef, the conclusion drawn
from the experiments is that the photoelectric affeainly depends on the colour of
light, that is to say, in a more technical langyageliation frequency. After some
hesitation, Einstein came to defend, in 1905, Ranbypothesis that radiation must
have a discrete nature. Thus, light would be forrbgdgrains or packs, which we
nowadays call photons. This hypothesis would aequitizenship when Niels Bohr
created his model, semi-classic, semi-quantumxpdae the atom’s stability. This is
how the first brick was laid for the quantum phgsiouilding. This brick, upon which
the whole building of conceptual and formal quantw@chanics is erected, states that
energy is proportional to frequency. In this contéxmeans that speaking of energy or
of frequency is equivalent.

- You had already told us that was the step takerEinstein - interrupted
Lucius, and continued:

- But you have also told us that the next step ddwdve been given by the
French physicist... what was his name?

- Louis de Broglie! He was one of the greatest mhgts of the 20th century,
and he has not been properly recognized, at |easimiil today - replied Argus. — And
even after, having come from a wealthy family, reated the Louis de Broglie
Foundation to promote and diffuse his ideas. Inapiypion, the board of this foundation
has not been promoting those ideas. In some ca$es even ostracized those who, all
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around the world try to continue Louis de Broglipisject.

Louis de Broglie was born into a family of strongftellectual motivations,
mainly literary and historical ones. His love faiesnce comes from the influence of his
older brother, Maurice, who studied X-rays, havesgablished a laboratory for that
purpose. Louis de Broglie worked in this laboratdoy some time, which was probably
one of the better equipped laboratories of its timéhis PhD thesis, made without any
support, he proposed, purely theoretically, anesmély daring idea. This idea consisted
in claiming that each material corpuscle, electrprgton, etc., was associated to a
wave. That wave would manifest itself in the cogders ability to interfere, to diffract,
that is, to manifest something that up until theaswnly associated with radiation, and
not with matter.

Argus stopped again, took another sip of his ted,moceeded:

- | would like to refer something that can be dofenest. Most people are not
aware that Louis de Broglie had a hard time havmig thesis approved by the
University of Paris. Paul Langevin, the personharge of evaluating the thesis, feeling
unsure, reported, amongst others, to Einstein.t&imsin his answer, told him that the
applicant had probably lifted a tip of the “gre&ilV Likely, due to Einstein’s support,
or, who knows, for being an aristocrat, or evenalige his brother Maurice de Broglie
had an excellent personal X-ray laboratory, hisithevas finally accepted. It was a far
too revolutionary thesis to be peacefully acceptean academic institution, especially
since it came from the isolated initiative of a gguesearcher.

Let us move on. The attribution, by Einstein, ofapuscular nature to light,
considered a wave until 1905, was based upon emapidata, that is, it went from
experiment to theory. Louis de Broglie followed everse path to attribute a wave
nature to entities which, until 1924, were constdemere corpuscles. Without any
empirical evidence, Louis de Broglie conjectureat tihe wave-corpuscle duality should
extend to all physical entities. In order for thiaring idea to be accepted, it lacked
experimental confirmation. It was necessary to skiwat each quantum corpuscle was
associated to a wave, that is to say, that thogausoles also had an extensive nature.
Thus, it was imperative to perform one or more expents that showed this was so.

The first experiment was performed by two Amerigduysicists connected with
applications of a more practical nature and whodistly mainly, the industrial
development of thermionic valves. On Janud?y1827, C. J. Davisson and his assistant
Germer made a beam of electrons fall upon a nickeital and verified that electrons,
such as X-rays, diffracted. This was something tipatintil then was described from the
wave nature of the used radiation. As | have tald, o predict an experiment’s result
iIs one of the strongest arguments in favour of oy and also, in this case, of a
conjecture. In this case, the issue is not a thbatya fundamental hypothesis to build
future quantum mechanics. It was for having advdrtbe hypothesis that corpuscles
are associated to a wave that Louis de Broglie aveerded the Nobel Prize of Physics
in 1929.

At this point, Lucius asked for clarification.

- Argus, there is one thing | do not quite underdtaAccording to what you
have said, Louis de Broglie’s older brother, Maeribad the best X-rays laboratory of
that time. You even said that his younger brotheuis, had worked there. If this is so,
how do you explain that the experiments necessaprdve Louis de Broglie’s theory
were not made there? Why did Maurice de Broglieid#emot to perform the
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experiments necessary to confirm his brother’s byggis? If the experiments had been
made there, the Nobel Prize would likely be awardedoth brothers. Since this did not
happen, only the younger brother, Louis, won theepr

Argus answered this question, a bit disgruntled.

- That is an interesting question that | have nragself a few times. However,
so far, | have not found a satisfying answer...

Let us return to our subject. As | have mentiortbd, foundation stones were
laid, upon which the building of quantum physicswudb rise. In fact, what the
experimental evidence showed was that, at the goam¢vel, the location and the
extension where indissolubly associated, while lassical physics, one thing was a
localized system, a material particle, even if gglftwith physical dimensions, and
another thing was an extensive system. We canhsayatstone, a pebble, for example,
occupies a given position. Such information isvaté. However, we cannot say that a
fluid, water, for example, is at a certain poimt.this case, that information would be of
little or no use at all.

At the level of our macroscopic description it beas relatively easy to
distinguish a corpuscle, a local system, from ateresive system, a wave. However,
when it comes to knowing if light or an electrorstta not an extensive or local nature,
it is another story. It gets more complicated bseaun this case, we have no direct
access to such entities. Only indirectly, througpegiments that have been prepared for
that purpose, we can authenticate those charaateris

Let us see which are the fundamental charactezighat will allow us to
unequivocally distinguish an extensive system frartocal system, that is to say, to
distinguish a wave from a corpuscle.

Let us consider, firstly, the process which allaygsto know if a given entity has
a local or corpuscular nature.

Argus takes a sheet of paper and draws the follpwketch

/
\

Fig. J4. 1 - Experiment of the two slits with maszopic projectiles.

Then, he tells us:

- A source of projectiles, a machinegun, emits ab@stant rate. In front | have
placed a shield with two slits. A target detectards the projectiles’ arrival.

So, in this drawing (Fig. J4.1) there is a machumefiring bullets, macroscopic
particles, at a slow and constant rhythm. Facing $lource of projectiles we have a
shield with two equal slits,;Sand S, through which the bullets must pass (the left sli
was named [Sand the right slit §. Further ahead, we have a target where the ingdact
bullets passing through the slits is detected.usehow suppose that one of these slits,
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S,, is covered, while the other one remains opesubh conditions, only the projectiles
coming from the open slit are able to reach thgetadetector. After some time, let us
say half an hour, we will find in the target detect distribution of impacts from
projectiles that has a shape approximate to a dmtitred in the direction that joins the
slit called $ to the exit of the machineguns’ barrel. This disttion is quite common
since it describes a great number of similar evanits is statistically called normal
curve or Gaussian curve. If we now reverse thesdn covering slit and uncovering
slit S;, after the same time interval, we will obtain au&sian distribution fully equal to
the previous one. The only difference is that nasv slightly dislocated with respect to
the previous one, because it is centred in thectitire that joins the slit Svith the gun
barrel’s exit.

The issue that now arises is to predict the distitim of the projectiles’ impacts
observed in the target detector when both holesseneltaneously open during the
same time interval.

Turning to Amadeus, he inquires: - What do you khin this case, will be the
distribution of impacts in the target detector?

Amadeus replied, rather pleased:

-It seems to me the answer is quite obvious! &ones bullets go through one
slit, other times they go through the other oneusltafter half an hour, for example,
we shall observe an impact distribution fully eqteathe one we would observe if the
slits were opened alternately. Am I right or not?

- You provided the correct answer! — Argus replied.n fact, that is what we
can observe in such an experiment when using mamas particles, in this case,
bullets. Thus, we verify that the result of the estment, the distribution of the bullet’s
impacts on the target detector, is independent frerforming the experiment with two
simultaneously uncovered slits, or with one altezlyaclosed.

The conclusion to be drawn from such experimemsillts is that this is a local
phenomenon, or a corpuscular one, since the fis#iiltltion does not depend on the
fact that the experiment is being performed with #iits opened simultaneously or
alternately. Thus, we conclude that the entitiestteth by the source, bullets, have
locality attributes being, therefore, corpuscules.

Fabrus, who had been silent until then, decidedtevvene:

- With this expedite process, Argus managed toter@aimple and safe criterion
to define the local properties of a determined p[@&sentity, macroscopic or
microscopic.

-Thank you - said Argus, and proceeded:

-Let us now find out how we can find an equaliypgie criterion to characterize
an extensive system. We will also consider a atassituation now, in a way, similar to
the previous one.

And he starts drawing Fig. J4.2. Although Arguswdravell, the drawings | am
presenting, in these dialogues, are improved vessod his drawings. | have made them
myself, on the computer, with the aid of a CAD peoyg, starting from the drawings
Argus and Fabrus made. However, you may rest abdted | have tried to be as
faithful as possible to the authors’ idea.
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Fig. J4.2 — Interference of two waves.

When he finished the drawing, Argus began to speak:

— As we may observe, this sketch represents a tadepcontaining water, the
surface is initially at rest. With an object, soswet of buoy, for example, we create a
disturbance on the water’s surface in the centrthefcircle represented above in the
drawing. This disturbance produces a circular wiaaé propagates on the surface of the
water, reaching the shield with two slits. Whemieets that shield with two slits, this
initial wave will produce two waves which, natuyallwill also propagate. In their
propagation, these waves will expand, and overldps overlapping originates an
interferential shaped image in the detection zone.

This image of interferences derives from the fdwdt,tin certain regions of
space, both waves would oscillate in the same wayhis case, both oscillations
strengthen each other originating an absolute mamxirif they both oscillate upwards
or downwards, and an absolute minimum if one cde upwards, and the other
downwards. In technical language, one says thattbevaves within that region are in
phase when they originate to a maximum.

The concept of phase we are introducing corresptmds somewhat complex
notion, from the physics’ point of view. Howeveided by a simple example, using
harmonic waves, we may learn something about whiat mmeans. Thus, we shall
consider two harmonic waves which overlap — andstaets drawing the following
sketch:

NNANS

Fig. J4.3 — Overlapping of two waves with the sgghase. Waves in-phase.

In this case, both waves have the same phase \hhatdas to say, at the origin,
the vertical line, they have the same value. Tipe tof overlapping in which both
waves have the same phase is also commonly knovaveatapping in-phase. Thus,
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their sum, represented below in bold, originategr@ngthened wave which corresponds
to a doubling of the previous ones.

If, at some other region, waves have opposite ghamseillations are such that
one tends to elevate the water level and the athertries to lower it. Both actions end
up annulling the other, thus keeping the waterllevehanged at that point - Argus
starts another drawing:

Fig. J4.4 — Overlapping of two waves in phase opioos

As we can see in the drawing — and he points toJg} -, now both waves, at
the origin, do not have the same value. As it happthey do share an equal value but
have opposite signals. Thus, their sum originatesulh wave. In this case, one
commonly says that the waves are in phase oppositiaturally, between these
extreme situations all remaining cases are possible

What will happen if we now cover one of the slifBf?e initial wave, coming
from a source, when arriving at the shield willgimate one single wave. This wave will
propagate without originating any interference. sThappens, obviously, because in
order for an interference to exist, the joint actaf at least two waves is required. In
this case, the experimental results, the distmoutbbserved in the detection region
depend significantly on the fact that the experiminperformed with both slits
uncovered simultaneously, or with only one of themovered alternately.

In case both slits are simultaneously uncoveredwilleobserve an image of
interferences due to the two waves overlappinthdfe is only one slit open alternately,
we will not observe interference.

At this point, Lucius decided to intervene:

- It all looks very clear to me. What we observéew it comes to water, when
both slits are open simultaneously is a lot diffiiefeorn what we observe when we open
only one slit at a time. On the other hand, singiets are, in their nature, indivisible,
what we observe when both slits are open is prgdie same as we observe with one
slit at a time.

- That is precisely it! - replied Argus. - Moreoy¢hat allows us to establish a
criterion which makes it possible for us to reglizea particularly simple way, and |
shall say, even in an elegant way, if the entitystudy, be it microscopic or
macroscopic, has a local or corpuscular natureif,oon the other hand, it has an
extensive or wave nature.

Let us see if you agree with this criterion:

a) If the observed distribution, in the detectiegion, does not depend on
both slits being open simultaneously or not, them kave a local or corpuscular
phenomenon;
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b) If the observed distribution depends on the erpEnt being made with
alternately or simultaneously opened slits, then ave facing and extensive or
undulating phenomenon.

- | absolutely agree with you - answered Lucius.

- | am glad - replied Argus. — The experiments Véhanentioned so far have
been conceived with macroscopic entities. Let esvdeat happens when this very same
experiment, the two slits or two holes’ experimésnperformed with quantum entities.

At this point, Argus starts drawing another Fig. paper (Fig. J4.5), which
again, | draw more thoroughly:

Fig. J4.5 — Two slit’ experiment performed withalens, with one slit open
and one closed alternately.

After drawing, he proceeds:

— By the way, and only for information purposesjish to refer that these
kind of experiments have been made with practically quantum systems.
Photons, electrons, neutrons, alpha particles, em@h with quite large systems
such as, calcium atoms and others.

In our case, and to settle our ideas, let us supfiwd we have an electron
source emitting them at a slow rhythm, so that e @nly find one single electron
at a time in the experimental device.

This requirement of having only a single quanturtitgrfor each instant, is
fundamental. If we did not take this precautionatild occur that, at some points,
we would have more than one particle in the expemtal device. In such a case,
they could eventually interact among themselvess throducing a false final
result.

In the required conditions, when one of the sktsimcovered and the other
one is covered, we shall observe on the targettuetelectrons arriving according
to a continuous Gaussian partition, centred in sliteor the other, according to
which slit is open. This is what Fig. J4.3 représen

The problem that now arises is the following:

What will happen when the experiment is made witithbslits open
simultaneously?

In situations like this, to answer correctly, ithsst to let practise do the
talking, that is to say, the experiment. And whattlle experiments performed tell
us about this matter?

All experiments performed with quantum systemsaohiave always as a
final result an interferential distribution, as shoin this drawing (Fig. J4.6 on the
next page).
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- How is it then possible to explain this experinaémesult? — Argus asked
himself, answering:

- If in the experimental device we only find onagle electron at a time,
beinga priori ruled out the hypothesis that we might sometina&hwo electrons
passing, one through each slit.

Fig. J4.6 — Two slit experiment performed with éteas with the slits open.

If we were to reason in classical terms, considgtite electron a corpuscle, we
would be tempted to claim that sometimes the edactvould have passed through one
slit and sometimes through the other. In this chseould not be possible to explain the
observed interferential distribution since, as vmeeéhseen before, for an interference to
occur at least two waves are required. Thus, weatde nature of the quantum entity
we call an electron may be, it had to pass, one arathe other, through both slits
simultaneously.

So, this experiment leads us to two apparentlyradidtory conclusions.

That strange quantum entity, which is the elegthas passed:

A) through one slibr the other (since we have one single electron);

B) through one sliandthe other (since it originated an figure of inteefeces).

Once more, Argus takes the pen in order to drawa sheet of paper — | see it
now — a provocative drawing.

- This drawing (Fig. J4.7) — Argus adds — trieshtamorously illustrate this
strange situation.

This drawing seeks to point out the fact that tharmum entity, in this case
mockingly represented by a cat, has to simultafgqess through both sides of the
obstacle, we do not know how, and materialize agaira single entity after passing
through that obstacle.
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Fig. J4. 7 - Burlesque illustration of the wavepuscle duality problem.

We are, as far as we can see, before what sedmesadogical impasse!

The electron has to, simultaneously, pass and ast ghrough both slits. How
did physicists in the early Z0century solve this problem, the fundamental probte
the wave-corpuscle duality? - He asked again, skihg anyone in particular.

- Argus! | would like to be the one explaining hdlis apparent contradiction
can be solved in a fully satisfactory manner —rmveeed Fabrus.

- | agree, Fabrus. In fact, | believe you are tigatrperson to do so — Argus
agreed.

Fabrus smiled and proceeded:

- Niels Bohr, the most important physicist of tt@&"2entury, found the solution
for this problem. Argus himself told us that, jlige the 18" century is considered the
century of Newton within physics’ domain, the™@entury shall be remembered as the
century of Bohr. And this is because Niels Bohrniwihe solution to harmonize local
and extensive characters shown by quantum systéenfound this between February
and September 1927. The solution he obtained wasstdl is, a revolutionary solution.
He presented it in public for the first time in th@lta Congress. This meeting took
place at Lake Como, in ltaly, in September of tyer in 1927. Before an assembly
formed by the most eminent physicists of the tiBehr explained how this problem
could, and should, be solved.

In such conditions, in order to solve the appayelagic contradiction of the
quantum entity being able to pass and not passltsin@ously through both slits, a
contradiction caused by the wave-corpuscles dyafitytecame necessary to rethink the
way in which our interaction with the world is miasted. This interaction is absolutely
necessary, either as a basic need of survival enwtbrld, or to achieve the goal of
understanding it, which, like | said, is indissdiulassociated with the first. We are
handling a fundamental problem, which philosophege encountered for ages. Thus,
it is possible for us to foresee the possibility fmially glimpsing the cause of the
hardships we always feel when trying to understédmedworld in terms of problems
deriving from the study of quantum objects. Thisvisere Bohr found an open door to
introduce the principle of complementarity whichngaetely reshaped ﬁbcentury
physics.

The principle of complementarity imposes a limitrided from the
characteristics of how we relate to world. Like Bafaimed at that conference, the
more we want to describe a quantum entity usinguénee concept, the less we will be
able to describe it as a corpuscle. The more we twadescribe a quantum entity as a
corpuscle, the less we will be able to descrilzs ia wave. Or, going even further, Bohr
would state that it is impossible for us to caysalkscribe the observed phenomena
simultaneously in space and in time. The more gre@sbecomes clear, the more
another aspect will fade.

Here, | agree with Argus when he said that Hogffdimay have exercised some
influence on Bohr. If Haffding enthusiastically dgpded Poincaré when he spoke of
thetwo irreconcilable needsyhich were seeing and understanding, then we ee#ie
synchrony between his view and Bohr’s view. Hgffdastablished a complementarity
relation, Bohr-like and Hgffding-like, between thegriori forms of Kant's sensibility,
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that is to say, the concepts of space and time, thach priori forms of Kant's
understanding, which are the categories. They \betd handling the fundamental
problem of knowledge. What is to know? And theyhbatame to quite similar
conclusions. The only difference between theirdiné thought was that one regarded
himself a man of philosophy, and the other a masc@nce.

Bohr succeeded in importing a pre-existent philbsmgd position into physics,
giving quantum entities a dual nature: they eith@mifest themselves as waves, as
extensive systems, or they manifest themselvem@miscles, that is to say, localized
entities. These two complementary aspects neveifesathemselves completely and
simultaneously. The more an aspect looks clearibee the other will fade, and vice-
versa. So, according to the experiment’'s conditidhe particle is either showing
corpuscular characteristics, or wave propertieschvimanifest through its ability to
produce interferential image.

This all leads to conclude that quantum systemsbefter still, systems
described through quantum mechanics, cannot ben giveal and objective existence,
in the sense that they do not depend on the suljeacteasurement action is, in its
essence, the result of a complex interaction betwee subject and the object, mediated
by the measuring device. It is in this measuringtlaat the hardships we have always
faced when trying to understand our surroundingsamnselves.

If we desire to be thorough when teaching quantormélism, we will have to
point out this situation, because if we don’t, will wot be teaching our students the
deepest contents of the principle of complementawhich is a basilar element of the
Bohrean interpretation of quantum formalism. Theywee subject chooses his form of
interaction with the object through the measurireyice imposes, to the subject
himself, his apprehension of the quantum objectjclwhs sometimes localized,
sometimes extensive. This does not tell us thabbject can be extensive or localized,
it just tells us that both concepts, local and esiiee, discontinuous or continuous,
correspond to two irreconcilable needs of the huthaaght, from which it cannot be
deprived of, under penalty of ceasing to exist.

Thus, let us see how the mystery of the two shis loe explained, through this
new physics that expressly rejects the obsoletervisf space and time and causality
concepts of classical physics.

Fabrus picked up a pencil and drew again the titoesiperiment in a sheet of
paper. | am representing it here once more (Fi§)Jd greater detail.

Fig. J4.8 - Niels Bohr’s explanation of the twi’' @xperiment.

He then proceeded:
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- In such conditions, the experimental device id&eto point out the extensive
nature of a quantum entity; in other words, it mte to point out its ability to produce
an interferential image. Maintaining both slits opave allow the quantum entity the
possibility of passing simultaneously through beslits. In this case, it originates two
waves, but two waves which are not a disturbanah@fmedium anymore, since they
are now understood as mere probability waves. MWhen these probability waves
overlap that the aforementioned interferential imary, with great exactitude,
reproduced.

Thus, we are no longer speaking of a physical wde.are now speaking of a
probability wave. Now, these probability waves gmecisely the study object of
quantum mechanics.

In this perspective, it makes no sense to spegbosition and velocity of the
quantum entity, or if it crossed one or both slithat happens because quantum
formalism does not allow us to describe, in spacd time, the quantum system's
behaviour.

The quantum entity, the electron emitted by thee®munot having an objective
existence, when arriving at the screen with the $lits manifests its extensive wave
nature. In such conditions, it will generate twosgibilities, to which there are two
associated probabilities, to two potential elecéréimat will simultaneously cross both
slits.

If we place a detector right in front of each,dlibe of these probabilities will
occur; one of these potential electrons, becon@seaomenon. That means it generates
a “click” in one of the detectors, materializing Mehcrossing, thus earning a status of
real existence. Both detectors can never be trgghat the same time. This happens,
obviously, because in the experimental device wee lanly one single electron at a
time.

This last experimental circumstance has been chiosalfow us to observe local
corpuscular characteristics of that quantum emttich is the electron. If both detectors
are removed, we shall replace the experimentalicistance where the local nature of
guantum entities can no longer be observed. Indase, the potential quantum entity
shall be indirectly observed as an extensive entgyoducing an observable
interferential distribution. In the detection ardae quantum entity is represented by a
total probability extended wave. This total waveivks from the overlapping of the
two probability waves. These waves correspond eécetbctron’s probability of crossing
each one of the slits. The total probability waderiving from the overlapping of the
two waves, has, as we know, an interferential foirhus, the intensity of this
probability wave traduces the probability of lozalg the electron in that region of
space when we perform the measurement action.

As a consequence, in the areas where this wavigadity is null, the electron
cannot be observed in a future measurement, siiegrobability of observing it in
those areas is null. On the contrary, in areas evttex potential wave’s intensity is at
maximum, there is a greater probability of obsegvithe electron in a future
measurement action.

Lastly, we can observe the localized quantum entiyen detecting a
discontinuity on a continuous background. If thensidered quantum entity is an
electron, we will observe in the detector, whicld ieeen clean so far, a discontinuity
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dot the area where the quantum particle interauetitd the detector. When another
electron arrives, the effect is precisely the sadouwe,in some other area of the detector.
This process is repeated and after a certain pefitiche the cumulative observation of
electrons in the target detector originates a itigion of interferential nature. The
longer the experiment lasts, the clearer thatfietential distribution becomes stable.

I would like to point out that | have had the opparty to observe a
cinematographic record of this two slits’ experimevith electrons, directed by an
experimental German group. | can tell you thatdffect is indeed curious. At first, we
can see a simple dot appearing on the target detélcen another one, and so on. Like
raindrops falling. One falls here, the other féllsre, apparently at random. However, in
time, an interferential image progressively acciisbape until, at last, it completely
stabilizes.

As long as we are at it, | would like to requesittyou look at the drawing more
closely. We can verify that there are areas whieeeelectron can never materialize.
Such regions correspond to the areas where thatgdtprobability wave’s intensity is
null. It all happens, in practise, as if the elestfescaped” from the areas where the
interference intensity of the two waves is null.

At this point, Amadeus intervened:

- Fabrus, | am quite intrigued by your explanatilonthe case of the two
slits’ experiment it is like there was a kind ofet@ogy which leads the electron to
avoid certain areas. Like it had some kind of iigehce, even if rudimental, that made
it prefer to bring out a certain point and not deot

Lucius, a bit shocked comments:

- It seems like you are exaggerating Amadeus. incase | would like to say
that 1 do not like the explanation, the “solutiofdr the wave-corpuscle dualism
problem that Fabrus presented and that accordifgnocorresponds to the one Bohr
proposed.

He paused and added:

- So to explain the experimental result of an expent, in this case of the two
slit experiment with electrons, we need to rejdw tausality and consequently the
notions of space and time?! If we reject causalitg, open the door for the more
extravagant hypothesises, from pseudoscience toctes irrationalism. The belief in
miracles, that is, in obtaining something withoatimg to pay the price for it, becomes
not only possible but also has a scientific jusdfion.

In these conditions, didn’t the effort of the humamd to free itself from the
darkness, the obscurity of ghostly, magical, mghexplanations, of false gods and
other similar powers by trying to understand by $eith the world around through
reason avail much?

Are we not finally giving up, about two thousandddive hundred years after
man started to trust in his own capacity of un@eding the world rationally after that
important achivement some authors named it “Greekade” to emphasise its
exceptionality? | don’t think anyone with a bit ofilture can deny that our science
inherited that indelible Greek tradition.

Basically, our science is no more than an effoghow that whenever we face a
certain phenomenon, as complex and strange as)itsexam, that phenomenon will
always necessarily have a rational explanation klmgpfor natural causes for natural
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phenomena was a legacy from classic Greece. Lebusider, for example, a storm,
something that due to its nature has always fasmnand scared men. In a causal
interpretation of such a phenomenon we are leddieVe that before the storm
happened there was necessarily a group of knowon&nown circumstances that
originated it. No one doubts that for it to raieith has necessarily got to be water! So in
last analysis the storm is the result of a grouprotesses, more or less complex, which
have their place in space and time and give asa ffesult an intense water fall. The
old explanation that a storm was the result ofwthem of the gods or of another similar
entity would be totally unacceptable today. Anyrevaways has an antecedent, a cause
that originated it. In my understanding, rejectitigs causal relationship between
phenomena is the same as abandoning our capacihdefstanding the world.

He paused again and looking at Argus questioned him
- Argus, didn’t you say that we could describe éx@eriment of the two slits without
denying the principle of causality? May it be thiais strange experiment of electrons
can be explained in causal terms? Is it really s&mey to reject causality to describe the
behaviour of quantum entities? 1 do not believat tthere isn't a possibility of re-
establishing causality!

- You are right — answered Argus and continued:

- In fact there is a beautiful and easy causalaation for the experiment of the
two slits with quantum entities. In reality thispdanation was given, in the time of the
construction of quantum mechanics by Louis de Beo@ut so as to not lose Fabrus’
train of thought | think it is best to let him conie his explanation. After he has
presented the arguments that he thinks are moneen@nt for the defence of his non
causal and non local thesis, | will demonstratet,tha truth, there is a causal
explanation. This explanation is not only more héaluout also a lot more general as it
contains from the formal point of view the interfateon of Niels Bohr as a mere
particular case.

Fabrus started his speech again:

- | would like to start by saying that quantum phgs as developed by Niels
Bohr and his school known also, as you know, asttteol of Copenhagen is probably
the biggest theoretical construction that man hak bp until now. Its mathematical
structuring even being of difficult access by thgnhan is a building of total rigour and
perfection. On the other hand, in terms of preaisaad efficiency it is unsurpassed at
this point in time. No theory built until now conmes to it. By the way | would like to
know Argus’ opinion on my affirmations!

- | totally agree with you — answered Argus andticared:

- In reality, orthodox quantum mechanics or Bohrgaantum mechanics, as it
is called by a lot of people, is the best of al ffhysics theories that man has built so
far. Its mathematical structure is quite good, ldonot say perfect, as Fabrus affirmed,
as there are problems here and there, namely iguéstion of unequivocal definition
of quantum operators associated to classic quesitiéind others. On the other hand, its
capacity to predict the result of a future expentnéhat is, of a future measurement
operation about a certain physical property of anum object is enormous. In relation
to this | am in complete agreement with Fabrus: dficiency of orthodox quantum
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mechanics is, without a doubt, amazing. Howevermwst not forget that this theory is
no more than a human construction and becausesat thevitably has weaknesses and
limits as | hope to prove later on.

At this time Amadeus intervenes by asking Fabrus:

- | have heard vaguely about a problem that hasrfated me quite a lot but |
haven’'t understood it very well. It is in relatiém the cat of Schrédinger. Would it be
possible for you to tell me about this?

- With great pleasure — answered Fabrus — Thisl@no was raised, as the name
indicates, by Schrodinger. Its purpose was to gqueshe orthodox interpretation of
guantum mechanics. It is necessary to say thdtdar getting to the intended purpose
it had the opposite effect. From this conceptugdeexnent Bohr’s vision was cleared
and | would even say reinforced. It is a conceptagaperiment. A conceptual
experiment is one that, in general terms, is naceaptible of being carried out in
practice. Its main use is to point out certain egugnces of a given theory. In this case,
in the experiment of Shrédinger’s cat, the aimaigptove that which, in my opinion,
should be well known to all who use quantum meatgrinfortunately, that does not
happen! Most physicists, even those who use arw talsch quantum mechanics in
universities, continue to try to use the conceptspace and time to explain phenomena
in a completely inconsistent and non critical manne

With the help of Argus he made the following dragrin

Fig. J.4.9 — Schrddinger’s cat.

- This experiment — continued Argus — of a totalbnceptual nature basically
consists of an armoured and soundproof box in wkhehe is a cat, as shown in the
drawing. In this box an orifice was made in whicte®ole quantum entity can enter, in
this case a photon. After entering the orifice ffti@ton finds a semi-mirrored mirror, a
semi-mirror, with the feature of being able to eefl or transmit the photon with equal
probability. If the photon is reflected it will bebsorbed by the walls of the box and
nothing will happen. If the photon is transmittedfinds a sensor that detects its
presence and at the same time sends a signal totmguter. After receiving the signal
the computer will start the search engine, a ragéenna that locates the cat. Once the
target is located, the riffle is aimed and goesanffomatically, killing the cat. As the
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box is armoured and soundproof, an observer placgside the box, has no way of
knowing if the shot was fired or not.

Let us then consider the prepared experimentatdewith the cat inside and let
us start our experiment. For this we inject a phdtwough the orifice of the box.

He paused and asked:

- Lucius! Are you able to tell me what predictione can make about the state
in which the cat is in before we open the armouoed?

Lucius intrigued, answered:

- Well! If I understood the situation well, one sqhoton enters the opening and
will hit a semi-mirror. There it has 50% chancatdfeing reflected and 50% chance of
it being transmitted. If it is reflected it will bebsorbed by the walls of the box and the
experiment ends there. In this case, the rifle dm¢gyo off and the cat is still alive. In
the case of a photon being transmitted, this witlvate the electronic device that in
turn activates the computer that puts into actiendomplex mechanism resulting in the
cat’s death.

Summarising it: if the photon crosses the semianjrthe detector will be
activated and the cat will be dead. If the pho®reflected nothing happens and the cat
will remain alive. Therefore, it seems to me tha bnly conclusion is that: the cat is
either dead or alive, with a 50% probability fockdypothesis.

In reality we do not know which of the two possiiels happened, only after
opening the box can we know which one of the twpdtlyesises is correct.

- Your answer, Lucius, would be correct in a Unseewhere wave-corpuscle
dualism did not reign, described by the principfecomplementarity, which is what
happened in pre-quantum physics. Here local andnekte characteristics could be
considered as independent properties. At a qualguet that is no longer possible —
said Fabrus, continuing:

- Notice that we are considering a quantum engitghoton of which we did not
nor cannot make any observations since, by hypisthésat is not possible before
opening the box. We are therefore from the con@ptoint of view in a situation
which is in every way similar to the experimentiwihe two slits. If we did not make
any measurement that would tell us that the phetas reflected or transmitted, we
have to assume that it was potentially reflected potentially transmitted, in this case
with equal probability. Admitting, like you did, @h the photon was reflected or
transmitted would be the same as denying the extemature of the quantum entity,
which is the photon. In these conditions, it would impossible to explain the
appearance of interferences in the case of thestit®) experiment, because as we’'ve
seen, for that to be possible it is necessaryk® itato account the extensive character of
the quantum system and consequently assume thiatsged both slits simultaneously.
In this case, we have to say that the photon wasngpally reflected and transmitted
simultaneously. So, the potentially reflected photorresponds to the potential state of
the cat being alive, while the potentially trangedtphoton corresponds to the potential
state of the cat being dead.

In these conditions, the only solution consistenthwthe wave-corpuscle
dualism is to affirm that before opening the bole tcat is potentially alive and
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potentially dead, with equal probability for eadats. It is the observer who, when
opening the box and carrying out the measuremdntatualizes, or makes one of the
two potentialities objective. In these conditiomslas a last resort the decisive act about
the life or death of the cat is up to the obserasnwvould be expected.

- Ho Fabrus! That is a wonderful conclusion! — exts Amadeus excitedly —
Now | understand why you said that this experimead precisely the opposite effect
from the one its proponent, Schrddinger, intended have. The determining role, the
primacy of the observer in the objectivity of réalis thus proven in an unequivocal
scientific manner. Now | understand well the safenmotives that led Niels Bohr to
reject the notion of causality. As the two existstgtes, dead cat and live cat, or in
terms of photons, photon transmitted and photdectfd cannot simultaneously have a
real and objective existence, one then concludsstiie objective reality cannot have a
real existence but a merely potential existenceisTh is the observer who “decides”
which of the two possibilities should become real.

- Since we have started on this subject | woule ltk give another very
interesting example, the so called quantum dogd-Fabrus, starting to sketch another

drawing: §
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Fig. J4.10 — The quantum dog.

O

This drawing represents the so called quantum wbgh is nothing more than
the burlesque figuration of a quantum particle witlass, for example, a fullerene
molecule that, as you know has 60 carbon atoms.

It is a very special dog, a quantum dog. This datksvalong a path feeling very
tranquil and suddenly it finds a roundabout witrefdifferent paths coming off it.

In a Universe endowed with objective reality thg @ould choose one and only
one of five possible paths. However, in the Unigass non causal quantum mechanics,
the dog being simultaneously extended and localz#idhave to follow all possible
paths simultaneously. Because no dog, with realodettive existence, can follow five
paths at the same time, it then follows that thg ldses its physical, objective reality. It
then becomes a being without any objective exigteincother words, a potential dog.

In truth it is a strange quantum dog. To guaratiteephysical, objective reality
of the dog, it would be necessary to say thatlib¥eed one of the five possible paths.
In this case, we would be in the same situatiothasexperiment of the two slits to say
that the electron had crossed one or anotherrslthese conditions we would have to
reject the extensive character, the wave charadtdre quantum systems and thus it
would no longer be possible to explain the intenfees observed experimentally!

In the Universe of quantum mechanics, whether wetw@ or not we have to
maintain that the quantum dog follows potentiallypassible paths at the same time. In
these conditions we can no longer speak abowtalsand objective existence.
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When the real dog is detected on one of the paththdobserver, the multiple
potentialities, in this case of the five potentialys, transform themselves into one only
single real dog. This transformation, this instaetaus convergence of the multiple
potentialities into a single real one is named orentechnical language as the collapse,
or projection of the wave function. In reality, hlg refer to this out of curiosity; it is
indeed one of the theory’s basic assumptions,iftiredostulate of quantum mechanics.
Before measurement, before the observation, thatgoadog was potentially present
in all of the possible paths. When measurement fdage all of the five potential dogs
become one real dog instantaneously.

Fabrus paused for a bit and Lucius made the mabkegbause and said:

- Ho Fabrus, | am quite perplexed with your argutseti not for the guarantee
by Argus that is was possible to explain the wawgascle dualism in the conceptual
framework of space and time, | would at this monmntompletely in despair...

- Now that we are speaking of it — continued Fapdnawing something else —
and to make things even more interesting, | wilhtien another experiment, also of a
conceptual nature, proposed by a physicist calleahitger.

In the case of the quantum dog and quantum cat{rémsformation of the
potential multiple states into only one real stat#s due to a measurable physical
interaction, subject to direct and objective regisin the case we are now going to
analyse such a situation does not happen. It expariment that in scientific literature
is called a negative experiment. In this type opezkments the collapse of multiple
potentialities into one real state happens wittemyt physical interaction that we can
register.

N ‘ -
<q /%\
Fig. J4.11 — Renninger’s experiment.

In this drawing, (Fig. J4.11), you can see a sotwcehotons that are emitted
one by one, which is the norm in this type of dituzs.

In its journey the photon finds a circular screeithvan orifice of very small
dimension. After crossing the orifice the photorll wanifest its extensive aspect by
giving rise to a hemispheric, progressive waveth&tend of timejt on its journey this
wave finds a small detector;Dwhere the photon may eventually be detectechidf t
detector is activated by the arrival of the photamobserver placed outside the system
will notice the light on. If the photon is not deted by the small detector, it will
continue its journey and will later be detectedtlhie great hemispheric detectopr D
which is placed quite far away from the first one.

Before measurement, the photon exists under the @drtwo potential states,
corresponding to the two possible hypothesises.oferdial state corresponds to the
possibility of it being detected in the small semsbe other of it being detected in the
enormous hemispheric detector. When it goes throligtorifice the photon transforms
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itself, according to what we've seen before, int@otpotential photons, each
corresponding to two possible results.

If the observer sees the light go on it is becahegyhoton was detected by the
small detector. In these conditions, the probabibt it being detected in the big
detector becomes immediately null. The two potéptiatons, one corresponding to the
detection in the small detector, the other in #rgdr one, converge into one real state.

In this case, as with the other cases previoustgudised, the collapse, the
transformation of the potential states into ond state, was due to an observable
physical interaction and subject to being registere

He stopped for a little then continued:

- Let us now look at the other possibility. If &etend of the time, let's say; t
the time necessary for the photon to arrive asthell detector, the light does not go on,
what can we conclude? — he asked and turned taguci

- According to the way of thinking that you haveshaleveloping the answer is
very easy — answered Lucius — However, | mustytll that | do not agree at all with
your conclusions. But | must also say that, to bedst, | do not have any argument to
refute them. See if | am saying what you want nfe-t@nd continued:

- If the lamp did not turn on, at the end of theadinecessary for the photon to
reach the detector, we have to conclude that tltophwill be later revealed in the
enormous hemispheric detectop. Dn this case, the collapse, as you called it, the
transformation of the multiple potential stateione real state happens without there
being any physical interaction. | believe thishe point you wanted to lead me to, isn't
that right?

- As you can see ho Lucius, quantum mechanics tisahty an instrument that
is so powerful and so well structured that evers¢hbike yourself and | must admit
there are many that find themselves in your situathat are led, whether they want to
or not, to the same conclusions by the simple @isegicc — commented Fabrus with an
easy-going smile and continued:

- As you can see, in this special type of measunethe collapse of the multiple
potential states or probabilities happened, as usudaid without there being any
physical interaction that could be registered. Nteraction was observed, no device
registered the smallest alteration but howevertrdresformation happened.

We thus arrive at the heart of the question: iféh@as no physical interaction
then what is the cause of this collapse? Whatagdhson for this transformation of the
multiple states of potential existence into ongleimeal one? What was the agent that
gave rise to such transformation?

At this time, a very excited Amadeus adds:

If, as we saw, there was no physical interactibiat provoked this
transformation that led from one Universe of mepayential or probable existence to a
real Universe, then the only possible solutionhat tthis cause can only be found
outside of physics.

The agent that makes this transformation can oalyhle observer, but clearly
from what we can gather from what Fabrus said hat of the observer as a physical
being, but of an observer as a spiritual entityt thanscends matter. Thus, when the
observer becomes aware that the small detectonetaactivated, since the light did not
turn on, it transforms the two potentialities imioe objective reality that corresponds, in
this case, to the subsequent detection in the engmemispheric sensor.

Concluding: In a last analysis, the transformatdrmultiple potential worlds
into one real and objective world is due to consoée to the immaterial and
transcendent spirit of the observer.

100



Dialogues on Quantum Physics

By the way, if you will allow me, | would like tcake these ideas that I find
extraordinarily deep and far-reaching to their raltuconsequences — continued
Amadeus:

- We observe, in reality, that it is the human obse through his spirit, his
conscience, that transforms the possible statas,ighthe states with merely potential
existence, into one real and objective physicaésta

The question | now ask is the following: the remdl mbjective physical world in
which we live assuredly forms only one of the pokesimultiple worlds. | think
everyone will agree with this affirmation. As thssthe case, who was the Agent that
provoked its materialization, that is, the collapsiee transformation of multiple
possible worlds into this one in which we live in?

On the other hand, and | believe everyone agregsme when | state that man
is certainly a limited being. In these conditiomssuredly man does not have the
possibility to completely observe more than a nenpart of one of these possible
worlds. So, if he cannot observe more than a sirpate of one sole world, what is the
possibility of observing a multitude, assuredly enous, possible worlds? None, | have
to say!

If man does not have, as we've seen, any posygibilimaking a transformation
of this magnitude, then who is the Agent that esrii out?

The answer to this question seems obvious to me!

The Agent that makes this magnificent transfornmatan only be a Superior
Entity, a Universal Conscience, in sum, God.

This Universal Observer, in his omniscience, bynesgising all the possible
multiple worlds, decides in his omnipotence to ma&al this world in which we,
simple and limited mortals, live in and suffer.

In these conditions, | must say, without a shaddva @oubt that God is, in
reality, our only guarantee of objective realitytie world!

Without the Universal Observer, without a Univer€ainscience, in one word,
without God, the transformation of multiple Univess with merely probable or
potential existence into one real Universe, in Wwhae live in, could never happen.

What have you to say about my conclusion ho Fabrus?

A bit hesitantly, he comments:

- In reality, | should say, Amadeus that these kmiens are not entirely new.
There is in fact a whole sector of important thirske/ho tried and try to establish the
bridge between quantum mechanics and religion, hyaonental religions. On the other
hand, certain Christian theological currents dguetbarguments to prove scientifically,
if such a thing will ever be possible, the existent God in very similar terms to the
ones you presented.

He pauses and adds:

- However, | as a physicist try to do a more moaesk, limiting myself strictly
to the field of physics, leaving those complex #érashscendent problems to those who
are more talented at it.

At this moment, Lucius, slightly downcast asked:

- Ho Fabrus, | feel a bit alarmed after what | hheard. Even so, | would like to
ask a question, maybe somewhat naive. How wassdilple to build a scientific theory
based on such a strange indeterminist concepteofvidrld? If we reject the primacy of
space and time as basic ingredients of our undlisig how can we understand our
physical world? Moreover, as quantum mechani&sg, you yourself said, is a theory
with a lot of mathematical coherence and exactegs above all it has enormous
prediction power in terms of concrete physical mimeana.
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- You asked the right question Lucius. It is prelysn this point that lays the
greatness of Niels Bohr as a thinker that raises toi the status, as | had occasion to
mention, of the greatest physicist, of the trueniect of physics of the 0century —
answered Fabrus. — The answer to this questiontisei use of the so called analysis of
Fourier. This mathematical technique was develdpedoseph Fourier, an engineer of
Napoleon Bonaparte, who accompanied him in his edgnpto Egypt. He developed it
to resolve the very concrete problem of the trassmn and diffusion of heat.
Basically, what Fourier demonstrated was that aaswonably well behaved function
could be expressed as a sum of sines and codiatsst of the harmonic plane waves.
Thus, any structure, a particle for example, caddseribed from a composition, from a
sum of harmonic plane waves as shown in the dralamg about to do:

Fig. J4.12 — Sum of plane harmonic waves

In this drawing, as you can see, only five harmomaves are presented and
their sum is at the bottom. You can see that jtassible to build reasonably localized
structures even with so few waves. | can guaratiteewith the adequate addition of
these harmonic waves, that are infinite, both scspand in time, it becomes possible to
build, or compose any regular function. These nmadigal functions can eventually
describe the evolution of structures in space arithie.

For Fourier the analysis that he developed corsisfe as was expected, a
simple mathematical instrument, which was extrensigful, but without any physical
content. For him and for the physicists of the tinome thing were the abstract
mathematical waves that were used for better osevtw describe the physical waves,
other thing were the real waves assumed to bearghfinite. The so called real physical
waves, in this old-fashioned classic perspectivaldialways start in a certain region of
space, in a certain instance, and they would nadgskave an end.

So, it is precisely here that Niels Bohr intervetgsattributing a privileged
ontological and epistemological status to theseesa¥rom simple mathematical rule
of abstract composition of functions, Bohr will prote this analysis to the status of
ontology. Thus, he will show that everything is kiped, everything is constituted by
infinite harmonic plane waves that exist in allgpand in all time. This is, after all, the
mathematically lucid form to which Bohr was refagito.

In a certain way this attitude corresponds, | nsastin truth even if Bohr never
mentioned it explicitly, to a true return to theatgnic paradigm of perfection and
circularity.

As you know, for Plato to reconcile the movementshwpermanence he
considered that the perfect movement is only fouarttie sphere. This is because when
you turn it, the sphere does not change its siapeven though it is moving the sphere
always continues to be, in a certain way, the sasigself. It is a type of still motion, if
you can say that.

This platonic paradigm works on the principle ttheg only perfect movement is
the circular movement. Therefore, in Heaven, ingbpra-lunar world, a place where
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harmony and perfection reign all bodies would neaeky have to describe circular and
uniform perfect movements.

If the orbits of the planets, a term that in Gres&ans wandering stars, did not
seem circular that would be a mere illusion of semses. According to that principle of
perfection, these orbits must, in a last analygisult from a judicious combination of
perfect circular movements.

The successors of Plato launched themselves iatgigfantic task of explaining
the harmony and perfection of the skies in termthf circularity paradigm, as Argus
has already mentioned. This effort that lasted veenturies culminated with the
monumental book by Claudio PtolenTihe Almagestan Arabic term which meafi$e
Great Book

In this cosmology the celestial bodies have and ahWays describe perfect
circular movements.

Well, as you can see in the drawing | am doing.(B#y13), the projection of a
celestial body, while describing a circular, unifoend eternal movement, on an axis,
which gives rise to an oscillation, a wave, thataiso eternal. This wave is called
harmonic, as it results from a perfect and harmsimmovement. This movement,
which did not have a beginning, will not even hawneend.

B A aWaWa)
SEA AVAAVAAVARVIRY;

Fig. J4.13 — The projection, on a vertical axisaqoint describing a circular
movement is a harmonic wave.

An immediate corollary of this ontology, where as have seen the primacy is
given to the harmonic waves, infinite in space antime, is that the separability and
individuality stop making sense.

In the same way it is immediately concluded that mhodification of a given
system, its alteration, in a word, its movementaghing more than a mere illusion of
our senses.

Let us notice this drawing — and he starts to draw:

Fig. J4.14 — The sum of a very big number of hanmeamves gives rise to two
particles.

In it we can observe two systems, two particlesthis example, relatively
separate. At first sight it may seem like the twoudures that represent the two
particles are completely independent. However, aglll show you, that simplistic
conclusion is completely false.
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As we observed, in this new ontology of Fourier,atédver the function is,
whatever the structure or structures, they ardash analysis, composed of harmonic
plane waves that are infinite in space and timethénconcrete case of the structures
representing the two particles, indicated in thending, they are composed of the same
harmonic waves. Basically, it is a group of infenlharmonic waves that will interfere
due to their overlapping. From the interferencalbthese constituting harmonic plane
waves two structures arise in which the overlappihthe waves is not annulled, as we
can see in the drawing. In all of the remainingcspdhe result of the overlapping, that
is, the addition of these waves, is null. In thismmer, the independence and separability
of these two non-null regions is only illusory.fact, it is the one and same entity.

In these conditions, any alteration in a partiohplies, as you can easily see, an
alteration in the other one.

Let us see if that is indeed so!

For this to happen, let us consider the followirtgagion. The right hand side
particle remains in the same position while theictire of the left hand side patrticle
comes closer to it, as indicated in this drawing:

Fig. J4.15 — A patrticle remains in the same pasiitile the other one comes
closer.

In terms of Fourier ontology, where the primacy gy¢e the harmonic plane
waves that exist in all space and all time, the enoent, the alteration, of any structure,
for example, a particle, is explained in the folilogvway:

As we were able to see, a particle, a given stractalways results from the
composition, that is, the sum of many harmonic wabhat when interfering give rise to
that region in space of non null intensity. If etfollowing moment, the particle goes
and occupies another region in space, then we wmaileéd to say, thinking in archaic,
pre-quantum terms, that the particle had moved fwomregion to another.

However, this obsolete method of thinking is cortgdiemisrepresented. In fact,
what happens is that the waves that previouslyrfered constructively in a given
region, are now going to interfere constructivelyanother region in space.

For that to happen it is necessary to change thaaes of phase and amplitude
of the harmonic plane waves in an adequate mammsuch a way that the constructive
interference now occurs in the new region of space.

Saying that a particle is simply located in a givegion in space does not make
any sense in this new way of thinking. As a pagtislintrinsically composed of a group
of infinite harmonic waves we would have to coneludo as to be consistent, that the
particle is in fact omnipresent, occupying in traththe space and all the time.

So, the only conclusion to take is that the movemtiie so called separability
and individuality of the systems are nothing mdranta mere illusion of our senses. It
was precisely because of this, as you can see, thigatquantum theory rejected
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preliminarily the deciduous concepts of space ante.t In fact, in this modern
perspective, any system has in itself all the spackall the time. In these conditions, it
can be said that the systems, the particles, ai@ldespace and time.

If anyone asks you ho Lucius what the centre ahénite Universe is, what do
you answer?

Lucius, feeling like he was stepping on a minedfi@nswered carefully:

- In an infinite conceptual Universe any point daconsidered the centre. By
the way, | want to say that | used the term conedgiiniverse on purpose, because | do
not know if the real Universe is finite or infinitSo for me, an infinite Universe can
only have a conceptual existence. Thus, this Usevef an entirely conceptual nature
has infinite centres, as many as the points thatpart of it. So, a Universe that has
infinite centres does not have, in reality, a widfined centre. Or, in other words, it
does not have a centre.

Therefore, applying Fabrus’s train of thought itatien to the quantum entities,
that according to him have all the space and alltittne included, that corresponds, in
practice, to stating that they are beyond spacdiarel

- Thank you, | could not say it better — answeraldrks, and started his speech:

- | want to remind you that before we saw that afiehe cornerstones of
guantum mechanics was the relation of Planck, whiedws that energy is proportional
to the frequency of the associated wave. Howeverkmow that in Fourier ontology
only one harmonic plane wave has a pure frequemcl & such, a well defined
frequency. Any non harmonic wave resulting, as aechseen, from the composition of
harmonic plane waves, cannot have a well definequiency. In fact, that wave may
have as many frequencies as the harmonic wavesdhatitute it.

- A new question then arises! If only the harmomaves do have a well defined
frequency and thus, according to the fundamentatioa of Planck, a well defined
energy, what will then be the energy that a cenpairicle has?

- The answer to this question is very important arittle delicate.

After a pause, Fabrus continues his speech:

- As we have seen, a reasonably located partiatessarily results from the
composition of many harmonic waves, each with it ovell defined energy. This
means, the quantum particle should have a grogneigies, as many as the harmonic
waves that constitute it.

In this moment Lucius, who was attentively follogirFabrus’ explanation,
exclaims:

- Fabrus, there is a question here that | do ndéerstand very well! As you have
told us, according to the Fourier ontology, whére primacy is given to the infinite
harmonic waves in space and in time, a quantunicfgrbeing composed of many of
those waves, each with its own energy, should irdirete energies. | think that is what
you said, because on that line of thinking, thenea alternative.

However, it seems to me and | am no specialishis tield, that when one
makes concrete measurements, one can see thatidh&op particles only have one
energy, a very well defined one.

How do you explain this contradiction?

- Well, that is precisely the core of the questiolmnswered Fabrus — Before
measurement, before the observation, what exisssgsoup of potential particles, as
many as the constituent harmonic plane waves, egtha perfectly defined energy.
However, like in the case of the cat or the quantlom, any of these possibilities, any
of these potential particles, has no objectiveityealo each harmonic wave, infinite in
space and in time, corresponds in reality a particth a well defined energy. However,

105



Dialogues on Quantum Physics

this particle is, so to speak, dispersed in alBpice and all of time. For that reason it is
said that it is a potential particle. When an obsgon is made, this measurement
makes all multiplicity of potential particles, desged in all space and in all time to
converge into one point. They then transform ime sole real particle and endowed
with a perfectly well defined energy. So, beforeasi@ement, what quantum mechanics
allows us to say is that the particle only exist¢éeptially in various states, each one
corresponding to a certain probability of being swgad. All that exists is only a group

of potentialities, of potential particles, of whidme of them can eventually become
objective through observation.

- If I understand well what you said — adds Amadeug seems that this
argument does not bring anything new in relatiorth® last ones we have seen. If
anything it only reinforces our previous conclusio@nce more, we can see that before
measurement, undertaken by the observer, or ittetbi® say, by the conscience of the
observer, quantum mechanics does not describe Bmgethat we can define as
objective. Let us remember that Bohr defended th@ntum mechanics proved in a
mathematically lucid way the existence of irratipnaeducible residue that prevents
the understanding of the world. Proving the impaiisy of achieving the simultaneous
description of something that evolves in the framewof space and time according to a
causal relation. Once more, and | have to tell y@i | am very happy about that, the
unequivocal conclusion to be taken is that moderense, quantum mechanics, proves
that the Conscience of the Observer, that Agernoéntirely spiritual nature is in last
analysis, the guarantee of the existence of anctbgereality. In the absence of a
Universal Conscience, and therefore of God, thenmeoi chance of transformation of a
world of shadows, of virtual particles dispersedilhspace and in all time, in sum, of
realities only with potential existence, in a saal world.

Lucius tried to answer but due to the late hourdeeided to end the discussion.
We arranged that the next discussion time wouldduicated to the causal explanation
of the problem of wave-corpuscle dualism.
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NONLINEAR QUANTUM PHYSICS

107



Dialogues on Quantum Physics

FIFTH JOURNEY

Once more | hurried to arrive at the Eternal Retubmary.

In the last discussion, Fabrus had shown, in a genyvincing manner, | must
say to be truthful, that the only way possible ompletely interpreting the wave-
corpuscle dualism was in the way Bohr did. The gpie of complementarity was the
fundamental element of all that interpretation. sThheans that within quantum
formalism we cannot speak about the real existeatesomething before the
measurement. It is the measurement done by thenapséhat, in last instance,
transforms the multiple possibilities or potentiaB of existence, into one sole
objective and real state.

Now, in the discussion that we would have, Argusultoshow us how the
apparent contradiction raised by the wave-partitlalism could be resolved without
any need to renounce the causality and thus rijeatxistence of an objective reality,
independent from the observer. | think you must eusidnd the reason for my
expectancy and at the same time my fear. On one, hamanted to believe that such a
thing was possible, because as | am a practicabpdram used to deal with concrete
situations in my day-to-day life, | do not have r@aj natural predisposition to admit
that reality is created by me. For instance, tivates| see the Moon it was because |
myself created it out of nothing! That seems totmée the first step for us to touch
upon things like occultism, esotericism, witchcrafhagic and others, in sum,
everything that can be more properly named obstisman However, Fabrus’
explanations were so complete and convincing they teft me, | have to recognize,
very worried. This is because we cannot forget Balirean quantum mechanics is,
apart from everything else, a great and consigtieysics theory.

When | arrived, Lucius and Amadeus were alreadyettes they had come
together. | ordered a beer and we started talkiigle we were waiting for the other
members of our group. Amadeus, being the editowhs, talked about the growing
difficulties that this sector was facing due to thet that people were reading less. This
situation was entirely corroborated by Lucius whpart from having a solid technical
and scientific basic education, was also an irtellE of merit and sometimes also a
writer.

This café conversation, aimed above all at pagsiadime, went on until Argus
and Fabrus arrived. After the usual greetings dted hoth of them had ordered a cup
of tea, we started our discussion.

As previously arranged, Argus started off:

- On the way here | was thinking about the best wagresent my defence on
causality.

| think the most consistent way of proceeding aoolva all the clearest way will
be to firstly attack the conceptual nucleus on Wwhidl formal structure of Bohrean
guantum mechanics rests. As we were able to séetlat brilliant intervention of our
friend Fabrus, this nucleus is composed by Foam¢ology.

After the famous Solvay Congress of 1927, orthodoantum mechanics was
developed and extended, both from the formal pafiniew as well as in its application,
until it reached the powerful theory it is currgntiThe basic instrument for this
development and consolidation was Fourier analyisat, is, as we saw, non local and
non temporal. It is never too much to point ous thindamental characteristic, which is
often forgotten by many who use it. On the othardhd must mention in passing that
most physicists of the time did not know, or wevere motivated to know, the other
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types of analysis that already existed. The apjpdica of this non local and non
temporal analysis was soon generalized from quamt@ohanics to practically every
branch of physics and technology. As a paradigneat&nple of this migration process
we have the case of telecommunications, where apt long ago Fourier analysis
reigned omnipotent.

However, in this idyllic panorama of Fourier ontgyo more or less implicit in
all domains of knowledge, a notable event occumetthe beginning of the 80’s of the
20th century. It was the discovery of a new matheakhanalysis of local character,
named as analysis by wavelets. This local analgsisye will be able to see, contains
the non local and non temporal analysis of Foursea particular case.

For the sake of information and above all takingp iaccount the presence of
Lucius and Amadeus, | would like to mention thddaing: Contrarily to what would
be expected, this new and very important brancimathematics did not appear in the
“high” dominions of theoretical physics, such aygbs of particles, cosmologies and
similar, which with great fanfare are in generaganted in scientific magazines as the
last word of human skill. In reality, these magasimre making a terrible propaganda of
science, since all its branches have a relevaet aold their relative importance, if
indeed it exists, is naturally very difficult tos&ss. This great discovery occurred in the
“common” fields of practical applications. As yoursly remember, this discovery
process has a certain similarity with the non logatl non temporal analysis. This
analysis was discovered by Fourier to resolve § eencrete practical situation: the
problem of heat diffusion. These and other factsiwiilar nature, of which the history
of science is full, show that in general the magpartant and fruitful discoveries come
from the least expected places. Wanting to plaensific research until exhaustion was
and will always be a task of bureaucrats and soondater necessarily doomed to
failure. Scientific research is essentially an auduee towards the unknown.

This admirable discovery was due above all to ftifierteof the physicist Jean
Morlet, who worked in the field of Earth sciencés you know, these scientists are
generally known as geophysicists. This geophysigias then working for an oil
company. His work consisted mainly of developinghnés that allowed oil havens to
be detected more efficiently and economically. Tinein method used in the studies
consisted of seismic analysis in locations considenore convenient by geologists
and, after that, study the collected elements. &lsessmic records were studied later,
using the most fashionable mathematical instruménttis case, as you can imagine,
it was the non local and non temporal Fourier aialy
Well, what Jean Morlet quickly realized was thattsa global analysis was not very
convenient for what was intended, mainly due to fdt that it led to very strange
solutions (this is the least that can be said altpuhs we saw in our last discussion, in
terms of Fourier ontology any finite impulse (andhist emphasise here that all real
physical impulses are necessarily finite) is coneposf harmonic plane waves, each
with its frequency well defined. As it is known, time dispersive mediums to each wave
with a certain frequency corresponds a charaderf@topagation speed. So, each
seismic finite impulse, registered by seismograples not got a well defined speed in
this ontology but infinite speeds. The number afsth velocities is as many as the
harmonic waves necessary for, through summing thleenreproduction of a recorded
impulse. Once the components that compose the gapthie harmonic waves, fill all
space and time, everything is possible: inclusivlé/ strangest retroactions in the past,
like for example, the case of an action carriedrmw having a decisive influence on
what has already occurred. | hope to discuss vathlgiter a very interesting experience
where some people intended for a situation like thihappen.
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As | mentioned, in certain cases the use of Fouwm@ology leads to such
situations that the impulses, the seismic wavesyrobefore the earthquake has taken
place! Sometimes the precursor seismic waves hapgkeme the Earth even exists! Of
course, geophysicists, due to the nature of theifepsion face very concrete practical
situations daily that do not relent with certaintapdysical deliriums and speculations.
This forces them to be very down to earth. Thawig they despise these aberrant
solutions that go against good sense and that atRing more than a simple
consequence of the implicit and non critical acaepé of Fourier ontology.

It was precisely to avoid these aberrant situattbas Jean Morlet developed his
finite analysis, commonly known as local wavelealgsis. His initial work was later
developed and formalized, in strict mathematicahgeby Grossman, Meyer and many
others. This work proceeded to such a degree tiatldcal wavelet analysis was
transformed into a powerful mathematical tool, cetimy side by side with the non
local and non temporal Fourier analysis.

Due to its great efficiency in treatment of sign#hgs analysis had and continues
to have an enormous success. Presently, due twetus imposed by the technological
development there is an explosive growth of thig fanch of mathematics, in the
domain of applications as well as in its theoréticaindations. Currently there is a
whole universe of scientific literature that dealsh the very different aspects of this
wavelet analysis. | must also say that this fidldnathematics is developing at such a
speed, that the very precise definition of wavelt in the beginning was believed to
be relatively established, now constitutes a sulgbout which there are no certainties.
These facts caused certain authors to affirm thefprecise mathematical definition of
wavelet constitutes a question of scholastic natitfgout any useful meaning.

Here between you and me and to fix ideas, | wilhsider as basic and
fundamental property of the wavelets their locdima and finitude characteristics, as
opposed to the harmonic waves of Fourier, that aseye saw, infinite in both space
and time. This option results naturally from my mpurpose that is mainly centred on
the potentialities that this analysis manifestsstpport a simultaneously causal and
local description for the behaviour of quantum lgein

In this new way of understanding the world, thenaty then passes from the
infinite harmonic waves to the finite waves. As etample, so that you can have an
idea of the situation, between the various waveldst are known, here is a
representation of one of them. Argus drew the Yoithg figure:

Fig. J5. 1- Morlet’s or Gaussian wavelet

- This drawing — Argus continues — represents aeledvgenerally known as
Morlet's wavelet. This wavelet is sometimes alsltecbas Gaussian wavelet.

Now the different signals representing particles,any other entity, can be
described by one or, eventually by a combinatiothete finite waves. So that we can
better compare this new local wavelet analysis Wihrier non local and non temporal
analysis let us consider the following drawing.

He paused to draw Fig. J5.2 and then he continued:
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Fig. J5.2 — Composition of the same signal bydimihd infinite waves.

- In this figure the same original signal, on tlght hand side, is composed, that
is, can be reconstructed, by the sum of the finié@es or by the sum of the infinite
harmonic waves.

The sum of the first group of finite waves giveserio the first structure, while
the second results from the composition of the s@ogroup of wavelets, which is
completely independent from the first.

In the case of Fourier infinite harmonic waves, thiation is radically
different. Due to their nature, these harmonic gawenstitute one sole group whose
sum gives rise to an interference resulting in twom null regions that describe the
particles. So, any change in the position of ortigl@ implies a change to the waves
that also constitute the other particle. As ithe same group of waves that gives rise to
the two particles, any change in one implies nerédgsa change to the other, even if it
remains in the same position.

However, and it is precisely here that the questies, if the particles are
described by groups of different finite waves, redigated in the drawing, the fact that
the particle on the left hand side comes closdurher away does not affect the other
in any way. It only becomes necessary to changegtbep of wavelets that form the
first particle, that is, as we saw, totally indegent from the second one.

As you can see, in this and other cases, with tiadysis of finite waves, the
systems can maintain their identity and also ovdividuality.

When they are composed of infinite harmonic wasesse it is always the same
group of waves, the two particles really constitiie same one and indissoluble entity.
In this case, as we saw in the last discussionyithehlity and separability are nothing
more than illusions of our senses

- Ho Argus, | am finding this exposition about thesavelets very interesting
but to tell you the truth | haven’t understood vevgll that question you mentioned
regarding the enormous technological advantagesiérave from them — | dared to say.

- | think you are right in being puzzled. It is nfigult, Liberius — answered
Argus. — | was not sufficiently explicit. | thinkhé best process to make the subject
clearer is to present a simple example.

As Fabrus and Amadeus love boats, | will draw Here boats sailing in the
wind in Tagus estuary. Let us now suppose that AAusdwho has a video camera, is
going to film both boats. In this drawing, (Fig..3ptwo snaps of a sequence filmed by
Amadeus are presented.
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At time t, Attime t

Fig. J5.3. — Two video clips.

As you can see, the only difference between the dlips is the fact that the
ships are further away in the first case in refatio the second. The person who is
filming is travelling by car on land at the sameex as the boat on the right. The boat
on the left is going faster than the one on thhatrand is gaining ground. The problem
that arises is to record these two clips, usingflfirthe non local analysis, or as it is
sometimes called, global and after that the logadlysis for finite waves. This
recording can be done with any device built fot harpose, a CD, for example.

For that we will record, line by line, the first age being the final reconstruction
the result of all those lines. With a view to simfypthe problem, let us consider only the
line indicated in the drawing, following an analoggrocess in all the other lines.

As you can see, the line recording the intensityhefimage is indicated below

the video clip. This record corresponds to anresite region of null intensity
with just two non null regions. These areas reprege respective boat sail sections.

To represent this function, that describes thensitg of the photograph
according to the line considered, in terms of Fauainalysis, we will proceed as we did
before. So, we will look for the adequate harmowaves in such a way that their
overlapping results null in all the points in spaseept in those two regions of non null
intensity.

In the second drawing the boat on the left wertitrigzhile the one on the right
remains in the same position to the person whdlnsing. In the line that we are
studying, this situation corresponds to the faeit tfthe non null region on the left is
going closer to the non null region on the rightstlike in the case of the line of the
first snap let us, in the same way, look for thienite harmonic waves whose sum has
the distribution of intensity as a result.

As this analysis is global, the two boats, althotighy seem separate, really
constitute the one and same entity, as both areethdt of the sum of the same infinite
harmonic waves. In these conditions, the changehef position of the first boat
naturally implies a change in the amplitude, anésehof all the waves so that a
constructive interference in the new position ressfubm its overlapping.

Now | want to bring to your attention a very welidwn fact. In a sequence of
video images, due to their speed, various videaésaare recorded per second, and
their number depends on the intended quality. Nelagt we can see is that from snap
to snap there are not many changes. However, dtleetéact that Fourier analysis is
global, any change, as small as it may be, in agenforces the whole snap to be
analysed.

It is here, Liberius, that the great practical adage of a local analysis of finite
waves lies. If only one region of the image is deh only the wavelets relative to that
location are changed. Therefore, only the infororatrelative to the wavelets that
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describe that area needs to be treated. For atitttex image areas nothing else needs to
be done, since that information had previouslyaalyebeen processed.

This process permits, in most cases, to conderfeemation regarding several
hours of video recording into only one fractiontbém. Basically, it is a great process
of deleting unnecessary and redundant informatibime economical gain of this
process, as you can calculate, is enormous. Carsgeuhe situation? Instead of, for
example, 100 CDs being necessary to record vidémnmation regarding a family
holiday abroad, that same information can be reahrdithout any loss, on one simple
CD. Do you see the advantage? — he asked turnimgto

- 1 now understand perfectly the enormous techno&@dvantage of local analysis
by finite waves — | admitted.

At this moment Hilarius appeared. He wasn't a \eagyeeable person due to the fact
he was: arrogant, careerist, not as intelligerteathinks himself to be, and above all, an
eager reader of textbooks that he never compléighsts. After excusing himself to sit
at our table, which he did in his vain manner, faeced a coffee.

After this pause, Argus started his speech again:

- As | was saying before this interruption, thecdigery of local wavelet analysis,
not only had great consequences within the teclgyolieeld, but will also have
consequences of a far greater reach in the coralgatiion of Nature. The way to
proceed towards the rupture with Fourier omnipresenology was opened with this
discovery. The conceptual tool that allows us tdggond non local and non temporal
analysis was thus created.

At this moment, Hilarius, with his usual arrogame® tactlessness, exclaimed:

- | don’t see anything wrong with Fourier analysédter all, up until now it has
always been used with great success, in quantunhanas and in other applications
within the field of classic physics. Moreover, | amrtain that its validity was and will
always be unquestionable. For that reason, | dege&t any need to abandon Fourier
analysis.

Amadeus, who is an intelligent, gentile and extdgrhenest person, not being able
to stand this senseless and totally ignorant comysard:

- Hilarius! It seems to me that you do not see vibatally going on. No one here is
saying that Fourier analysis is not good, or that not precise. What is being discussed
is the nature of this analysis. Does it constitlites other types of analysis, a simple
mathematical instrument, as its creator Josephi@&ourtended? Or does it, on the
contrary, really constitute a true ontology? Inesttvords, what is at stake is knowing if
the harmonic waves, infinite in space and in tilm@ye a privileged status or not. Do
they reflect a deeper harmony, suggesting theemastof a Superior Being?

- Amadeus, those questions you are mentioning tinterest me at all. | don’t care
one bit for perfectly gratuitous and completelglevant philosophical questions. What
interests me are concrete problems, in sum, phy&itshe rest is a joke, speculations,
metaphysical deliriums, without any meaning andollare of no importance to anyone
- Hilarius replied, in his usual truculent manner.

- Lucius, who did not like the way he had answekathdeus, decided to participate
in the conversation:

- Hilarius, since you are only interested in coteliesues, are you capable of telling
me which is the energy of a quantum patrticle, tesay a neutron, described by a wave-
function localized in a certain area of space? ¢¢othat | am asking you which is the
energy of that neutron before you have made any éirobservation.

After giving it a little thought, the concerned liep:

113



Dialogues on Quantum Physics

- The answer is very simple. All | need to do isuffer analysis of the wave-
function and then | will know the neutron’s freqoass, and consequently, its possible
energies. Naturally, | will not be able to find figecise energy. Nonetheless, | can tell
you the neutron’s future energies, and, moreower probabilities associated to each of
these values.

- Tell me if | have understood your answer corgedtlilarius — Lucius intervened.
— Before the measurement, you do not know the aelgrenergy yet. However, you
know its possible energies, which arg, B, Es... E, and you also know the
probabilities associated to each of these valuesus simplify the problem and assume
Fourier's decomposition resulted in, for examplalyotwo values to the neutron’s
possible energies,1EE;; moreover, you also found that the respective aibdities
have equal values of one half,9pp, = 1/2. Thus, in this concrete situation, we would
say that, before the measurement, before the adis@mythe possible energy values, or
the neutron’s possible energy states, would beitte first, &, or the second, £zwith
equal probabilities. Since you did not perform aaswement you do not know,
precisely, the concrete value. But you know onaéghbefore the observation: the
neutron has one energy value, or the other. Amansiating our thought correctly,
Hilarius?

- That is it; that is precisely what | have said!

- Then, we are facing a huge and serious problémcius said. - If, like you have
said, before the measurement the neutron is irretthe or the other energy state, how
can its interferometric properties be explainedWhould you explain, then, the two
slits’ experiment made with one simple neutron?

Notice that, if in the two slits’ experiment witmly one particle we say the neutron
has passed by one slit or the other, an affirmat@npletely equivalent to the previous
one, where we have stated that the neutron's nexasuat has energy values qofdE E,
we will not be capable of explaining the occurrenteterferences. In order to explain
the observed interferences, as Fabrus so peridatijrated, we must admit that before
the measurement the neutron passed potential andtaneously through both holes.

Thus, the equivalent answer to the question | niadeto be as follows:

Before the measurement, the neutron had simultanemergy values of;and E.

In sum, if your answer had been correct, Hilanwes,would not have interferences!

| shall say even more, if the neutron had onegnealue or the other, before
the measurement, quantum mechanics would not exist. éultiple probabilities
would not collapse into a single one, once the onemsent had been performed. |
figure that you know this is one of the more bgsistulates in orthodox quantum
mechanics. It means your answer implies to comlglagnore the extensive wave
nature of quantum systems.

Like | say, Hilarius, in these issues of quantumchamics we must always be
attentive, and, for that reason, we must not jumpanclusions. Above all, we must be
coherent. We cannot say one thing, and then anatbmpletely opposite, for our
convenience, without giving any justification. Akl@eople say, you cannot wish for
sun to dry your cereal and rain to grow your velgletaat the same time!

In this case, whether we like it or not, to be gneement with quantum mechanics,
we must say that before the measurement, beforenthligple states collapsing, the
neutron has potentially two energies. In a geneasle, before the measurement the
neutron has a whole multiplicity of energies, aswnas the harmonic waves one could
derive from Fourier's decomposition. The sum oséhkarmonic waves, infinite both in
space and in time, each one carrying its own frequand therefore a perfectly defined
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energy, evidently results in the initial wave fuontwhich contains the information we
have on the neutron.

In this case, | ask you once more, Hilarius, whatni fact the neutron's energy
before measurement?

Now freed from his usual arrogance, and a bit agldaidilarius did not answer this
guestion. After a brief silence, Lucius continued:

- Like | said, before the measurement, and to enthe corpuscle-wave duality, a
fundamental characteristic of quantum mechanicsmwust accept that the neutron has
every potential energy possible. However, sincerdfte measurement we only find one
single neutron, we have, as we can see, problegasdiag the status of the neutron’s
existence before the measurement.

We are necessarily led here, to this strange stuaif we follow the principles of
orthodox quantum mechanics correctly. Behind thisiceptual construction, like
Fabrus has clearly shown us, we have the primadyaoghonic waves, the only ones
that can have a well defined frequency. In facis 1B precisely what characterizes
Fourier ontology. In this ontology only infinite tmonic waves have a frequency, and
therefore, a perfectly defined energy. As a nataoabllary to this basic statement we
must conclude that all the remaining finite waussng necessarily formed by the sum
of many harmonic waves, have potentially so mangrgn values as the waves
constituting them. This is where one clearly sdest the conceptual structure of
orthodox quantum mechanics is based upon Fourietanyy.

As long as we are it, and to conclude, | would b&gooint out that the implications
which derive from accepting Fourier ontology theg anly strange if we believe in
causality and in the existence of an objectiveiyeaidependent from the observer. If
we had an idealistic attitude similar to Amadewug, would not have a problem at all,
quite the contrary; we would have every reasoretplbased.

- Lucius is absolutely right, Hilarius — added Radrwho observed the discussion
with a smile. - While scrimping in the extensive wave-like aspects of quantum
systems, that is to say, while breaking the indwes entity of the wave-particle
dualism, a fundamental characteristic of quantumchaeics, you made an
unfortunately common error, repeated even withia #itientific community. Many
university teachers teaching quantum mechanicsgrbakic errors such as yours, and
therefore you should know better. Being no morentimaere readers of quantum
mechanics textbooks, whose content is usually ndistgtood, they use in their classes
either the classical causal reasoning, or the @rdehist quantum reasoning. All of this
in perfect confusion and in a miscellaneous waynmetely ignoring the basic and
indestructible unity: the wave-corpuscle dualityeel sorry for the students who follow
such masters! From these classes, at best, thdyowihin some mathematical
techniques, more or less complex, used to solveesmroblems, and little more. Of
guantum mechanics, in fact, they will have leariittld or nothing.

Hilarius thought a lot of Fabrus, especially duehie great prestige. After this
intervention he left, claiming to have some urgeatters to address.

After this interregnum, due to Hilarius’ unforturaintervention, Argus continues
his speech:

- First of all, 1 would like to thank Lucius for $iintervention, clear and incisive,
proof that he perfectly understood the conceptuadish upon which the orthodox
guantum mechanics interpretation is based.

However, before proceeding, | would like to furthetarify the problem Hilarius
rose, regarding the fact that, according to hind(passibly many others), in classical
physics there are no problems deriving from theaigeourier analysis.
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In fact, such statement is not true.

As | have had the opportunity to mention, the ajgion of Fourier analysis in
classical physics leads, sometimes, to aberraatisns. These solutions, if taken into
consideration, would lead to strange situationsnmletely deprived of physical
meaning. However, since this analysis is considbyetthose using it, even if implicitly,
a simple mathematical tool, these abnormal solst@me not considered as physically
valid, and therefore are not taken into account.

This simplistic attitude, and | shall even say agppaist, - which consists of, on one
hand accepting or claiming to accept Fourier omjgl@nd on the other hand implicitly
claiming, by convenience, that it is only a simph@thematical tool -, is no longer
possible in quantum physics.

Like Lucius and Fabrus clearly substantiated, thislue to the wave-corpuscle
duality.

However, going back to what | was saying, the discp of wavelets makes it
possible for us to go beyond the omnipresence afi€oontology. This ontology, as |
have previously mentioned, and Lucius made evidentsupported by the basic
assumption that only infinite harmonic plane wakiase a well defined frequency. All
remaining waves are necessarily composed, anddstanalysis, by the sum of these
harmonic waves.

It takes courage to break things like this! It impl claiming that in certain
conditions it is possible to have impulses, thabisay, finite waves with a well defined
frequency.

To place the problem in proper perspectiogsaer this sketch | am drawing. The
drawing intends to represent a brick with the shafpewave.

R4l

Fig. J5.4 — Basic brick of ¥2 m in length.
The outline of this brick in the shape of a waug,ilo mathematical language, in the

shape of a cosine, has 1/4 m, that is, 25 cm igtherLet us now assume we have built
walls with similar bricks. The first of these wallas 1 meter in length and is formed by

four bricks:

Fig. J5.5 — One meter wall formed by four bricks.

The second wall has 2 meters and is formed bydkdari

AV AV AV AV AV AV AV NV |

Fig. J5.6 — 2 meter wall formed by 8 bricks.

We can continue building walls by doubling the l#gngermanently. Thus, we will
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end up with 4m, 8m, 16m, 32m walls, and so on. ity since these are real physical
walls, the possible length is always finite.

| believe you all agree with my statement, thatredll walls may be really big, or
really huge; however, naturally, no matter how thigy are, they must necessarily be
finite.

I now would like to call your attention to the capt of frequency. This term means
the number of times a certain element is repeat@dgiven measurement pattern.

Let us imagine we have a hedge with regularly spateubs. The frequency of the
shrubs shall be, naturally, their number by lengtiit, for example, two shrubs by
meter. In this case we are speaking of a spatejuigncy, since the elements are
distributed in space. When we speak of elementsilwised in time, for example the
rhythmic sound of a drum, we have a time frequehey.us admit that the percussions
originating sounds are regularly spaced in timé.useassume they were produced at a
rhythm of five per second. We would have, in thase; a time frequency of five beats
per second. With these considerations in mind, uldidike to ask a question: Tell, me
Amadeus, which do you think is the spatial frequeoicthe first wall, the one with one
meter in length?

- After all you have said, the answer to your guestvould seem extremely easy. If
the wall has one meter in length and is made af foicks, then its spatial frequency is
four bricks by meter.

- And now what would you say if the wall has 2m 4m, does the frequency
changes?

- Since the number of bricks per length unit isnteaned constant in all walls, its
frequency remains constant whatever its length bgnd it will always be of four
bricks per meter — Amadeus replied.

- Your answer, Amadeus, is dictated by the goodesehshould say even more, it
results from the use of a sane causal rationadifyrided of the implicit assumptions of
an idealistic nature.

However, in terms of Fourier ontology, where, as have seen, following the
circularity paradigm of Plato faithfully, primacy igiven to infinite harmonic plane
waves, so that is not the correct answer!

- I'll be blessed - Lucius replied -, you are thewplying that the frequency of the
walls may depend on their length!

- Although it may seem bizarre, that is claimedFourier ontology — answered
Argus. — We have seen before — he proceeded -wtieat we have an impulse, a finite
sign, which in the specific case of the walls’ mélthey are pieces of the same cosine
function with different sizes, what we can do ime of Fourier analysis is to find a
combination of plane harmonic waves with frequesiciphases and amplitudes
adequate in a way that their sum equals the refefuaction piece. Since in this
ontology only one of these infinite harmonic waveatches a well defined frequency,
we can naturally conclude that the wall we arerggen this perspective, does not have
one single frequency but a multiplicity of frequeasc

It can be verified, as | hope to demonstrate ahibad the smaller the function is, in
this case a piece of a cosine function that cariestthe wall’s outline, the greater the
multiplicity of harmonic waves necessary to makatspeconstitution.
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On the contrary, when the wall's length increasis® multiplicity of waves
necessary for the reconstitution diminishes.

In a limit situation, if the wall was infinite, wbih as we have seen is a physical
impossibility, the wave which describes the watligtline would be a single harmonic
wave and then, only then it would have a definafiepefrequency.

In summary, this ontology claims that only an irtenwall, physically inexistent,
has a well defined frequency. All the remainingtémphysical walls do not have a well
defined frequency, but a multiplicity of them. Thaultiplicity of these frequencies is
greater when the length of the wall is smaller.

As | have said initially, it is necessary to bretiks omnipresence of Fourier
ontology. If this ontology is taken to the last sequences, it drags us, as we have seen,
to severely disastrous consequences.

Numerous facts show us the evidence that in cectamdlitions, like for example in
the case of the walls, there may be finite waviestefimpulses, with a well defined
frequency. As a matter a fact, this conclusion doatsbring novelty, since we know
that musical instruments, like organs and piarfosegll calibrated, can produce a sound
with a very well defined time frequency, even ifese signs, naturally, have a
beginning, and necessarily an end.

- By the way, Argus - Lucius said — | think you leavothing against using Fourier
analysis as a simple mathematical instrument teestgrtain problems.

-Of course not. The mathematical instrument, whglrourier analysis, is quite
useful when it comes to solving a number of comcprbblems. However, we must be
careful and pay attention to its non local impliecas — Argus replied. — Once liberated
from this heavy ontological burden, where theraaspossibility of separability, and
therefore individuality, we may undertake the camgion of a new causal and local
guantum physics, with the help of wavelets. Thig/ pdysics must be a more general
physics, more comprehensive than the previous wheh is based mainly on linear
equations. It must be a physics of a superior Jewvgdhysics of the nonlinear; in other
words, a second level physics.

- By the way - Amadeus commented — | have ofteardhef linear and nonlinear,
even in previous dialogues. But | must say | nexete understood what it is about. Is it
possible to clarify this issue a little, which aftél seems so important?

- 1 will be delighted to clarify that for you, Ardaus — Argus answered. —
Technically, we can say that linear systems, anémee implies, are the ones described
by differential linear equations. Thus, if two oiora functions are the solution for a
given linear equation, their sum will also be t&uson for that very equation. When it
comes to nonlinear systems, generally, this prggerho longer valid. | imagine that
with this definition, which is the classical oneware exactly where you were before.

- You are right, Argus. With the technical explaoa you have given me, | now
know precisely the same | did before — agreed Amsde

- That is precisely where the problem is. Most peoponfuse physics with
mathematics. Physics is one thing; mathematics nigsther. Beethoven’'s seventh
symphony is one thing; musical symbols and thesrdé musical composition are
another.

In order to truly understand what a linear systepwie must go way beyond simple
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formal mathematical rules. In fact, this linear g@ss is practically as ancient as man
himself since, no doubt for being so simple andtigfit, it was already used by the first
human beings in problem solving. Whenever we haverg complex problem on our
hands, the most common and most used processv®is® to divide it into parts, after
which, one tries to study each of the parts seplyrdf these parts are still difficult to
solve, we continue dividing until each of the swstp can be handled. In the end, we
join all partial solutions and we have the answea tomplex problem.

Amadeus, imagine that you are in charge of makiegproject of a house. As you
well know, this is a very complex problem. Noneéss|, the procedure to solve it is
quite simple. The general process to undergo wbaldsuch as we have seen before,
decomposing the problem in two parts. The artisticarchitectural part; and the
technical part, which involves structure, pipinigotricity and gas. However, since each
of these divisions are still significantly huge, weist go on sub-dividing each one of
them into smaller parcels, which will be handledums. The final project for the house
is no more than the sum of all these parts andoswis-

In summary, when we have a linear system, the wlqiels the sum of its parts.
However, when it comes to a nonlinear, that isgesterally true. In fact, only from an
initial approach, and in very simple problems, @@ say that the whole equals the sum
of its parts. There is always a mutual large orlsmegeraction between the different
elements, which makes the whole different fromgineple sum of its parts.

Even in the case of the house, the whole is gdpatdferent from the sum of its
parts. If the architect does not constantly accampghe works, correcting something
here and adding something there, modifying as hg see fit, integrating and
harmonizing all the pieces into a unique whole, Hbase will certainly be, at best, an
adulterated copy of another house, or even a nhaseec of bricks and other materials.

- | think | have now well understood the meanindiméar and, consequently, of the
nonlinear — Amadeus exclaimed. — If | caught yaasoning correctly, physics handled
problems as if the whole equalled the sum of itsspdike you said, this is an expedite
method, and moreover, gifted with a huge degreeffafiency. However, it is only a
first approach, since generally problems are muchentomplex. As you have said,
there is always interdependence, reciprocal interatdetween the several elements. |
now perfectly understand it when you say that ideorto make advances in the
knowledge of Nature, one needs to walk towardsineal physics.

- | am very pleased to see you perfectly understbedsituation. But resuming my
speech - Argus continued — this new second levdl rmore general physics, must
contain the previous first level linear physics,aagarticular case. This happens for an
obvious reason, since linear physics, within itlsesp of applications, is a good method
to describe certain aspects of reality.

On the other hand, one must take into considerdtiah Nature ioné'. For that
reason, there must not be a rupture, a conceptyasabetween classical physics and
the new quantum physics. On the contrary, it mespassible to pass from one to the
other in a perfectly natural manner.

We verify that in quantum physics the extensive @edlocalized, the wave and the
corpuscle, in summary the wave-corpuscle dualitynsttutes something basic.
However, we also know that in classical physicsdhae two fundamental equations,

“TN: From the Latin Uno, roughly speaking the philosophical concept of Uno means the unity of
the whole, indivisible; vide Plato, Neoplatonism and Hegel.
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one describing corpuscular or punctual systems, thedother describing extensive
systems.

The first is the fundamental equation of mechanitsis Hamilton-Jacobi’s
designated equation, which is no more than a ceasen equation. In reality,
this equation says that a system’s total energylsqine sum of kinetic energy and
potential energy.

The second is a basic equation of extensive systefrtsydrodynamics, which is
called the continuity equation, and which, justelikhe previous one, is also a
conservation equation.

Now, the basic idea is to fuse both equations agingle equation, containing, at
the same time, local or corpuscular nature andhskte or wave nature.

The fusion of these two classical physics fundaaleequations generates a
nonlinear equation integrating the wave-corpusal@idm in a unique whole.

Armed with such conceptual tools, we may now elatmra global synthesis,
coherent and objective, of classical physics arahtium physics. In such a synthesis, as
we have made reference, we assume that realidgesand exists independently from
the observer. Naturally, there is a notion that dhserver interacts with that same
Nature, from which he is part of, being eventuatipable of modifying it, to a major or
lesser degree. Thus, classical physics and quamtoysics simply correspond to
different levels of description, different scalébservation of one same reality.

A simple but illustrative example of this situatienthe entity we call water. In the
light of a macroscopic description, this entity cand should be considered a
continuous extensive system. However, in the lafrd microscopic system it is more
useful to describe that very entity as a discomtirsusystem made of molecules. In fact,
this is the same very entity for both cases, wabMdohetheless, according to the
description’s level, it would be more convenientctmsider this entity continuous, in
some cases, or discrete, in others.

At the level of classical physics description, losgstems like corpuscles, and
extensive systems like waves, are viewed as indigmgrealities. In such conditions,
they are naturally described mathematically, throdifferent equations.

At a quantum scale, this local and extensive dmimgt has no sense whatsoever.
Localization and extensiveness are integrated umigue whole. This unique entity,
wave-corpuscle, is now described through a singleagon. Like | said, this final
equation, resulting from the composition of the H#m-Jacobi equation and the
continuity equation, is no longer a linear equatiout a nonlinear equation.

In these terms, we may say that classical physia particular case of quantum
description when the unity of the wave-corpusclérngken, and these two different
properties of the physical systems may be handieddependent. Thus, the nonlinear
fundamental equation, at a quantum scale, origsniate equations, one for corpuscles,
and another for waves, whose solutions are thedlédrmas independent entities.

Symmetrically, we can say that quantum physieisnore than an extension or
a generalization of classical physics, where thieresive and the local aspects are
considered a whole. This way, by fusing both of dh@ssical physics fundamental
equations it is possible to obtain the nonlinearstera equation that describes

®Vide previous reference.
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phenomena at a quantum scale.
This global synthesis between the two levels, ales; of description of the
objective Reality is schematized in the next drawin

Quantum Physics

‘ Nonlinear Master Equatiovh

Y

Wave-Corpuscle

Corpuscle

Equation Extended Syster]

Equation

Yp

0 AN

Corpuscle Wave

Classic Physics

Fig. J5.7 — Synthesis of quantum physics and dakphysics.

As we can see in this representation, from the domehtal nonlinear equation we
come to the basic equations of classical physicamilion-Jacobi's equation for
localized systems; and the continuity equation dgtensive systems. Thus, we can
verify that from the causal local and nonlinearmuan physics we can reach classical
physics. On the other hand, as we can also sdeidrawing, the reverse path is also
perfectly possible. This means that by fusing bod#ssical equations we come to the
fundamental nonlinear equation of the new quantbysigs.

Since it was now very late, we have all agreechterrupt our discussion, being
careful to schedule the date and time of the falgwourney.
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SIXTH JOURNEY

Late that pleasant afternoon, | was once againihgad the Eternal Return
bookstore. Since | had some free time left, | wadking slowly in order to enjoy the
maghnificent view over Lisbon that one can percdioen Miradour$ de Sdo Pedro de
Alcantara. While | was walking, | meditated on gubject of our discussion. | must say
that, this time, | was happier than before. Thelagtions Argus provided allowed us
to foresee the possibility of creating a causalsptsy In such physics, the anti-realism
of the Copenhagen School would be set aside, adirg rise to causal physics. Thus,
the existence of an objective reality independenmnf the observer would be re-
established. We would no longer live in a worldsb&dows and illusion.

This time, when | arrived at the Eternal Return Biore-Café all the elements
of our group were already there. As usual, Argus Babrus drank tea, while Lucius
and Amadeus drank beer. Since | was thirsty, | atdered myself a beer.

After the usual greetings and the introductory clagus regained the speech
where he had left it in the previous journey.

- To be exact, and to be faithful to the historicath, | must say that the dawn
of this new causal physics took place about a cgmtgo, with Louis de Broglie. As we
have seen, whatever quantum theory one builddtinhately has to be able to explain
the basic identity issue, a characteristic of thanqum level; that is to say, it has to be
able to interpret the wave-corpuscle dualism. Vge know that Niels Bohr succeeded,
in 1927, the remarkable achievement of interpreting his own way. On the other
hand, we also know this integration was obtained aery high cost. The price of this
integration, as we have seen, was the acceptanite afmpossibility to decide on the
existence of an objective reality. For him, and avé said this before, quantum
formalism expresses in a mathematically lucid marthe existence of an irreducible
irrational residue. For that reason, accordingito, lit will never be possible to accept
the existence of an objective reality; he thus m&suan anti-realistic position.

Louis de Broglie, on the contrary, in order to sobhe enigma of the wave-
particle dualism, follows a realistic and casugbrapch. He will then say that what we
call quantum particle is, in rigour, a very compkatity which does more than simply
occupy space; this approach is too simplistic tecdbe all the wealth and complexity
of that quantum entity we call particle. In fadtetquantum particle is composed of a
very high localized structure, a kind of nucleuswmamed acron, and a guiding wave.
This acron is responsible for the corpuscular attarestics, and carrying practically all
of the particle’s energy, it is located in the gnglwave, sometimes also referred to as
theta wave. An approximate representation of ti@ntym particle is as follows — and
he draws the following sketch:

® TN: A place with a panoramic view of the city.
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Fig. J6.1 — Schematic representation of a quantanticfe.

In this sketch we represent the acron in the cesfttbe wave. However, it can
occupy any position within the guiding wave, whéseintensity is not null. Since the
theta wave’s energy is much inferior than the ep@fgthe acron, one can only detect
this guiding wave through indirect methods. Thasdirect processes that reveal the
existence of theta waves will be discussed latefTte detection of such wave, as you
should understand, offers certain experimentaladifies, since common detectors do
not have the capacity to react to its very low ggeWhen a detector produces a click,
announcing the arrival of a particle, what the dietereally “sees” is the energy of the
acron. That is, what, in reality, is detected s pihesence of the acron.

- Argus, | do not quite understand what you calrfum particle. Could you
clarify on this subject? — Amadeus asks.

- Well - Argus answered -, | can try to present acroscopic model of a
guantum particle. Nonetheless, you must bear indntivat any macroscopic model,
however complex and elaborate it may be, will alsvaye, at best, a rough
approximation of that complex reality we call quantparticle.

To settle our ideas, let us consider a huge trbgicam, a hurricane, which is
quite common in the Mexican Gulf. As we know, itscleus or the region carrying a
major concentration of energy, occupies a relagisshall volume around the central
area. We also know that, precisely in the centied ahere is a small region where there
is practically no wind. When | speak of the hume& nucleus | mean the extremely
localized area that, even including a region with wind, still carries a great
concentration of energy, in its whole.

Let us now imagine an observer located in a spgcesterflying the region at
high altitude. To simplify the issue even furthiet,us admit that the observer does not
feel the effects of the hurricane due to the hiljitude of his position. On the other
hand, let us further admit that, due to the spetiahns he possesses, this observer
cannot directly see this atmospheric phenomenameshis task consists only in
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observing what happens in a given city. The hungcan its course, is heading to the
observed city. Two situations may occur:

The hurricane’s central area does not reach tlye @itits central area reaches
the city. In the first scenario only the extensirea, in this simplified model carrying a
relatively small energy, reaches the city. In thése, the houses which form the city
will not be significantly damaged. At most, a brokeindow or two, some lifted
shingles here and there, obviously depending on ghality of the buildings’
construction. In this situation, the observer haspossibility of deducing, from these
minor effects, the hurricane’s existence. Yeth#é hurricane’s nucleus hits the city it
will create a trail of devastation behind it. lachk conditions, our observer, when
perceiving this havoc, may then conclude that trei¢ane has hit the city.

Tell me, Amadeus, have you now understood a ltiléoetter what a quantum
particle is?

- | believe so - answered Amadeus. — In that rouggge you referred to, the
hurricane’s nucleus represents the acron, while ektensive region represents the
guiding wave. | now begin to understand why you eh@aid that what is usually
observed is only the acron. Since the guiding weareies very little energy, its effects
can only be observed in very specific conditionsug;, from what | have inferred, we
conclude that in usual conditions this wave is tectable.

- Since that issue is clarified, | shall now prateesaid Argus, resuming his
speech. — There is still a very important issuee lteat needs clarification. It is the
relation between this guiding wave, or theta warel its acron. In my opinion, to have
enlightened us on this situation was one of Loei8dbglie’s more fertile contributions
to physics. This physicist assumes that the a@wen possessing a very high relative
energy, will nonetheless be guided, oriented, leyabsociated wave. It is this wave of
very small energy that, in a last analysis, defthescourse the acron will follow.

De Broglie called this enunciate a guiding prineipHe claims, explicitly, that
the probability of locating the acron is proportbio the intensity of the guiding wave.
Thus, for example, in an area of space where tlsare theta wave, there will certainly
be no acron.

With the introduction of Louis de Broglie’s guidingrinciple, the path to
nonlinear physics was opened or, in other wordseand level physics where energy
exchanges no longer play the leading part.

At this point, Lucius placed a question:

- Tell me, Argus, if | have clearly understood ygasition. You were referring
that in the new causal physics the information arges are what matter the most, in
detriment of energy exchanges as people believétinow. Do you mean that the
concept of energy and its conservation has losh&aning?

- | would never claim such a thing - Argus exclaiine The concept of energy
and its conservation, which arose in the mid' t@ntury, is surely one of the most
fertile concepts created so far. Its validity areherality are not in question. What |
stated was that, in certain situations, where gneomservation evidently exists, the
best way to describe what happens is to resorvritething similar to the information
concept.

In order to clarify this, let's consider the followg situation that intends to
illustrate what happens in a more simplified way'sl consider a high speed train moving
at for instance 380 km/h. This train’s energy idaialy huge, especially when compared
to the energy that each one of us is able to eXgeelieve there are no doubts on this
issue. This train follows its course until it findsrailway knot. From this knot three
tracks diverge: one straight on, one to the rigit ane to the left. The railroad switch
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operator, with a single movement can make the gaistraight on, to the right or to the
left. In reality, the operator, expending verylditenergy, conducts and determines the
course of the train, even if this train's energyinsnense. Naturally there is energy
conservation in the process. However, what is @teshere, given these very special
circumstances, is the insurmountable fact thatugee of this relatively small energy, in
this case the effort to move a lever, holds thesibdgy to unleash remarkable effects. In
reality, what happens is that in certain situatianminimum action has the ability to
unleash such a reaction that there is no relagorygetically speaking, between cause
and effect.

Do you think that, with this extremely simplifiedxample, | have been
sufficiently explicit?

- | believe | understood your point of view quitelw Lucius replied. — And |
tell you more, it seems to me that this new physigens unsuspected frontiers in the
field of development and exploitation of new enefgyms. What do you think of this,
Argus?

- Well, truth be told, Louis de Broglie referredttee gigantic energy that exists in
what he called the subquantum medium. What we dtillnot have are “windmills”
capable of capturing those immense flows of energy.

Argus paused for a while and the proceeded:

- In order to immediately clarify the fertility dhis quantum particle’s model, |
shall explain the two slits’ experiment in purebusal terms.

Let us then see what happens with this new appreatd he began to draw:

i

Fig. J6.2 — Two slits’ experiment in the causal elod

2 -0

o —
\

In this drawing, like in the previously drawingspresenting this situation, we can
see a source issuing quantum particles, one byTdns.quantum particle is formed by
the guiding wave, extensive but finite, carryinghin the extremely localized corpuscle,
the acron. When arriving at the screen, what happernhat the guiding wave, being
extensive, passes through both holes at the sanee Tihe acron, or corpuscle, being
very small in size and indivisible, can only cras®e hole or the other, incorporated in
one guiding wave or the other. In their coursesé¢hevo waves will expand and overlap,
originating a total wave on the target detectonsTbtal wave, which carries the acron,
resulting from the sum of the two waves, has agrietential form, as we know. And this
total wave will now guide the acron. This guidingtian, this nonlinear effect, is
processed in a way that, preferably, the corpusdlenove towards the regions where
the total wave has greater intensity. Thus, whenaaron reaches the detector, it
originates something which is strongly localizedttresults from the interaction between
the acron and the detector; and, according to thdirgy principle, it is preferably
localized in the regions with greater probabilttyat is to say, in the zones where the total
wave's intensity is greater. After some time, aapthcron inside its wave reaches the
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target detector, enduring a similar action, an@dsoAs time goes by, the distribution of
such impacts on the target detector progressivelgrges, outlining an interferential
distribution. In the beginning, this interferentidilstribution is not completely visible.
However, after some time, the distribution of datsthe target detector begins to
stabilize, thus becoming a perfectly visible inteehtial image. As we have seen, the
apparent contradiction arose by the wave-corpubaddism, a problem the physics faced
in the first quarter of the 30century, deriving from the fact that the quantuantigle has

to cross 1l)one holeor the other, 2) one holand the other... has been solved in a
perfectly clear manner. This explanation, simple amuitive, can be summarized as
follows:

1) the acron crosses - oheleor the other;

2) the extensive guiding wave crosses --- one &iotkhe other.

- Argus! | like this explanation better. It is cartlly more natural that the strange,
not to mention incomprehensible, explanation Babrjaled — Lucius remarked, excited,
and continued:

- With an explanation such as this you end up shgwhat it is possible, after all,
to solve, in purely causal terms, the great confioposed by the wave-corpuscle
dualism. | even dare to say that this great prohtesy be dealt with, by resorting to a
simple, intuitive and extremely elegant explanatiéi this, without the need to claim
the existence of an irreducible irrational residugt limits our possibility of accessing a
causal description of reality. From now on, one narlonger say that this indissoluble
quantum entity, which is the wave-corpuscle dualisnplicates rejecting the existence
of an objective reality, independent from the olser

Now, the question that crosses my mind is why ¢hesr and natural explanation
was not accepted sooner. Why was that?

Here, Fabrus decided to take the word.

- The main reason was especially due to the hudjeiesicy of quantum
mechanics in the description of quantum phenom@&ha. power it revealed was so
overwhelming that even those who never agreed Rithr’s interpretation of quantum
formalism had to bow. Louis de Broglie himself,eafthe Solvay Congress in 1927,
returned to Paris and up until 1952, could not Hmeipto teach the Bohrean interpretation
in his quantum mechanics classes at the Univedditiaris. All that Argus has been
saying so far may be beautiful, but he has to ptbe¢ the ontological commitment of
Louis de Broglie, which he just mentioned, allows fa description of the same
phenomena that can be handled by Bohrean quanturhames, and also the ones it
cannot describe. This is equivalent to showing Baltrean's interpretation of quantum
mechanics is an incomplete theory. What happetisaisso far, as far as | know, no one
has succeeded in that. | admit that by adoptirgplstic philosophical position, Louis de
Broglie and our friend Argus are coherent when tregrt with an ontological
commitment like the one he just described. Now tlits to be acceptable, it is necessary
that they can build a mathematical descriptiorhat hew project of theory which proves
to be even more efficient than the present quaritwumalism: it must have a quantitative
concordance within an approximation that can be paoed, at the least, to the one
evidenced by Bohrean’s quantum mechanics; it miestigt phenomena unsuspected so
far, it must be able to increase, beyond what quannechanics has already achieved,
our capacity to act in the world, through the camdton of new tools, which would be
unconceivable without this theory.

In silence, we looked at Argus. He smiled and ansde

- | accept your challenge, Fabrus. If | didn’'t, dbwd not be coherent since those
are precisely the criteria | have been defending now. Any theory worthy of such
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name must fulfil those requirements. | hope thatthe end of these dialogues, your
objections have been completely removed. Give stime. But now | will answer
Lucius’ question.

The answer to your question, Lucius, is not an easy, as you may figure!
Anyway, a simple attempt to reply holds several ponents:

On one hand, we have the well-known situation, amahimously accepted: the
conclusions of the Solvay Congress in 1927. In ithtisrnational congress, the Bohrean
vision rose above all others, due to what Fabrgsploé forth, but also due to the fact that
the causal nucleus, which reflected the oppositilish,not constitute, in fact, a solid and
coherent ensemble. This nucleus, or better, tloagng that opposed to indeterminism,
or to Bohrean’s interpretation, was formed by Loule Broglie, Max Planck,
Schrodinger, Einstein, among others. In spite dividually opposing to Bohr, they did
not, nonetheless, agree among themselves. Eabkrofitad their own theory, or better, a
project of a theory, because these were really acerthan projects. At best, these were
no more than sketches, more or less developegitm that, none of them wished to give
up on their own ideas in search of common groumtley were not capable of forming a
common front that could oppose Bohr and his supp®rt

Thus, it is no surprise that the Copenhagen Sclyathered under the baton of
the great maestro Niels Bohr, had not faced angteese worthy of that name. On the
other hand, it is important to clarify that, trdik told, and agreeing with Fabrus’ recent
affirmations, this school was able to present aepatt and consistent theory of the
known quantum phenomena. Regarding simple effigienwtil very recently, Bohrean’s
quantum mechanics has proven unsurpassable. Buthage mentioned in previous
conversations, it is still a human work, with d&létfrailties that it implies. It describes the
intended phenomena with great rigour, but it is not could it ever be THE THEORY.

Bohr’s great ingenuity was to think that, finallye understood why we did not
understand the world; it was thinking that the tsnfor our ability to rationally
understand the world were now defined by quanturohaeics. From this point of view,
this is an attitude similar to the Newtonians’ b&t18" century when they believed
Newton had discovered the laws of this world arat,tfrom then on, we would not be
able to do more than add some decimals to thegiecof our descriptions. Today, we
find it easy to see those Newtonians ingenuity. Butsome, there is still a certain
difficulty in seeing that same ingenuity in Bohibslief that the limits to our ability to
rationally understand the world were now definat;eand for all.

Argus stopped, somewhat meditative, while we lookiedim, curiously. He then
raised his head and proceeded:

- On the other hand, let us not forget that themomething we already mentioned
and which is of vital importance. Many forget thisis basic component, this postulate,
was camouflaged in such a way that until very rédgeinhad been practically unnoticed.

It is spread through the several postulates of wuarmechanics, but is never
assumed explicitly. It is Fourier ontology, whi@s we have seen, holds the foundations
of all orthodox interpretation of quantum mechanicsfact, Niels Bohr’s principle of
complementarity, a crucial element of the orthodopantum mechanics, is
mathematically translated in Heisenberg'’s relatiohsdetermination. But they are mere
consequences of this ontology. It was the powerthacefficiency of quantum formalism
that led physicists to accept a hidden unopposéalagy in which the bricks to build our
understanding of the world were harmonic infinitawes. Bohr managed to pass on, as if
dogmatic, the idea that only one harmonic planeeyaihich by its own nature could not
physically exist, can have a well defined frequéncy

Thus, any finite physical impulse, not being abte Have a well defined
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frequency, must have a multiplicity of frequencias, many as the infinite harmonic
waves resulting from Fourier's decomposition, neaegto reconstruct it.

Good sense should have told us that this was a foemeal decomposition, a
simple mathematical artifice, of course very coneet) but nothing beyond that. This
happens for a good reason, since real physical svaneenecessarily finite waves, even if
eventually very extensive. Naturally, in their d@sl applications, the users of Fourier
analysis do not specifically attribute a real exisie to the harmonic waves. Such would
not be possible, since not even Niels Bohr himgalfe them that status. To him, as we
know, such waves are endowed with an existenceishaterely potential. However,
when accepting that only an infinite harmonic plamave can have a well defined
frequency, the users are simultaneously denyingdssibility of an impulse, or a finite
wave, having a well determined energy.

This ontology’s starting points can be thus sumpeati

P1) Only infinite harmonic waves in space and tilmeve a well defined
frequency;

P2) The time frequencyv and the spacial frequendy are related through
Planck’s constartt with the empirical formulas of Planck-Einst¢lb= hw)and Louis de
Broglie (p =hk); where p =mv, the product of the mass by velocity, represents the
quantum particle's moment.

In such conditions, this ontology, which associdbestwo fundamental empirical
formulas of quantum physics exclusively with theguency of infinite harmonic waves,
leads us, whether we like it or not, to concludat tih a quantum particle has a well
defined energy, then it necessarily occupies atlpaice and all of time.

However, when using this non local and non tempawahlysis, in solving
concrete classical problems, it leads to contramist these users do not hesitate in
setting such aberrant solutions aside, taking thsnphysically deprived of sense in a
perfect logical contradiction regarding the inifnciples.

Anyway, and as strange as it may seem, the fabhisthis implicit ontology has
been adopted by the scientific community, everifistimes quite contradictorily. Once
this ontology is accepted, we will have to admdty the sake of coherence, that the
concepts of space and time can no longer be coesidthe foundations of our
understanding.

Now it is easy to understand why all efforts depeld did not flourish for over
half a century, by those who did not accept Boldetarminism. They were tightened by
the conceptual frame of Fourier ontology, and hadmance of building a real quantum
causal and local theory. In fact, such a causarthevas, at best, destined to partial
success, right from the start. That is what hapgpaneDavid Bohm’s interpretation of
quantum formalism. It can predict every result xgperiments the orthodox interpretation
predicts, but no more. It cannot conceive an erpant in which his interpretation
predicts a result different from the usual intetatien. And we all agree that such a
demand is indispensable to point out the supeyiafithis interpretation. Of course, in
case the results of the experiment agree with Wisaheory predicts.

We are now capable of understanding the great hassliand sagacity with which
Niels Bohr acted: he made Fourier ontology to beepted so innocuously that
practically no one, within the scientific communiperceived its true non local and non
temporal implications. Concomitantly, he built himantum theory based on such
ontology. In these conditions, one cannot be sseprio see that any attempt to build an
alternative theory intending to safeguard a caasal local description, but accepting
Fourier ontology, explicit or implicitly, would heevitably doomed to failure.

An example that perfectly illustrates this situatics the so called EPR paradox.
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This paradox was proposed by Einstein, Podolski Ragen in 1935. In it, its authors
aimed to find a flaw in orthodox quantum mechameshout questioning, at the outset,
Fourier ontology. In an extremely simplified wapgetidea behind this paradox can be
translated as follows:

In a given moment, both co-related quantum systaragoined, occupying the
same region of space. In order to simplify, leiraagine these are two quantum entities
called Joseph and Mary. In the next moment, thessmtgm systems shall part, each
following its own course. Like in the two slits’ pariment, we do not know, and can
never find out, before performing a measuremenipgfieph or Mary will follow one or
the other direction. So, to be coherent with theremeorpuscle duality, we must admit
that Joseph and Mary are going simultaneously an gmssible direction. We can also
say, in short, that a complex quantum entity desigph as (Joseph-Mary) follows each
one of the paths.

If an observer placed, for example, in the lefthpaerifies that Mary is coming,
he can immediately conclude that Joseph is onttier path at the right.

This finding, this measurement, would be performatthout any physical action
being exerted on the quantum entity Joseph-Matgviahg the path at the right. Thus, in
this perspective, we would have achieved a remégldded. We would have determined
that Joseph was following the path at the rightjiaso determined without the need to
resort to any physical action over the referredntwa entity. This result would be,
according to its authors, in contradiction withhadox quantum mechanics.

Now, that is precisely where such an analysis iengr Let us see how the
situation should be described in terms of orthodoantum mechanics, that is to say,
within the conceptual frame of Fourier ontologyitidly, we have a quantum system
(Joseph-Mary) occupying a small region of space.w&shave previously seen, this
system derives from the overlapping of many of kig harmonic plane waves, which
upon overlapping, will interfere negatively in all space, except in that area, as shown

by the sketch — and he draws:

(Joseph-Mary)
Fig. J6.3 - Initially, the quantum system (Joseparyl occupies a region in space.

Later, this system divides originating into twogledollowing its own path, as we
can see from the in the picture. Since we do notWkrand can never find out without
modifying the system, if Mary or Joseph go leftright, we have to admit, for the sake of
coherence with the wave-corpuscle duality, thasépb-Mary) are simultaneously going
to the right and to the left, as we can see inFkigs J6.4:

2l L

(Joseph-Mary)-L (Joseph-Mary)-R
Fig. J6.4 — After the separation, we will have tjuantum system (Joseph-Mary)
simultaneously following both paths.

The fact that the quantum system (Joseph-Maryydmfthe left, is more or less
spatially separated from the one going to the rigldes not mean that they are
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independent entities. As we know, in this ontoldgyth these quantum systems are made
of the same harmonic plane waves. The only difiegen that now these infinite waves
that constitute them are related in a way that ttoasve interference can only occur in
the regions where both quantum systems are lodalid®seph-Mary)-L, going to the
left, and (Joseph-Mary)-R, going to the right. Whes perform the measurement of the
guantum system (Joseph-Mary)-L, that follows tHe path, what we are doing in this
context is to interact with waves which constittiiat entity. But since the waves which
constitute the entity on the left are the same tioiislg the entity on the right, when
practicing an action on the left quantum entitysthiill also have repercussions on the
one on the right, no matter how apart they ares Tlappens because, under the terms of
Fourier ontology, both quantum entities constitatsingle global entity. Its separation
would be an illusion, resulting only in a mere deam to our senses.

From all of this, we only have two possibilitiesther we reject Fourier ontology
from the start, and we are free to elaborate d lmoed causal description; or, in case we
explicit or implicitly accept it, we must abide tye rules of the game, thus falling in the
Bohrean interpretation, introducing the principfecomplementarity, or accepting David
Bohm'’s indivisible Universe, and therefore, nondliity.

- From what you have said, Argus, | inferred thagl® Bohr did not give his
opponents a chance! — Lucius exclaimed. — He foFaadier ontology onto them; even
he had never made it explicit. Upon acceptindhigré would be no opportunity to escape.
Whether they liked it or not, they would have taypthe game according to the implicit
non localization rules.

| now understand why it was so hard, during almadkbf the 28 century, to
surpass the boundaries that quantum formalism hadtegl. By accepting Fourier
ontology they where implicitly accepting the nowdézation. | see here a clear analogy
with what happens in certain unpleasant circumst®na which drivers, and | am
speaking out of my own experience, get involveceylimtend to go somewhere, but due
to a distraction, or a confusion with the traffigrss indicating directions, and sometimes
simply because these are not well placed in the, i@y make a mistake and follow an
undesired course. That has happened to me once, Whanted to go to Cascais. | left
Lisbon through the North-South highway, leadingtscais, and | don't know how | did
it, but | found myself on the way to the Bridge &5 Abril. No matter how hard | wished
to engage into a U-turn, it was not possible. | kmdompletely cross the Bridge 25 de
Abril, and then go to Almada, and only after thisgh detour, did | finally manage to
head back. After several unnecessary miles, | edrat the initial road intersection and
followed my intended destination. As it happensttandetour you are speaking of, these
are not wasted miles, we are speaking of severassysapsed!

- There is, in fact, a certain resemblance, Ludigsyween what you have told us
and what happened in quantum mechanics — Argusrkegharegaining the subject he
was unfolding before Lucius’ appropriate interventi

— | have to point out, forcibly, that this new nioelar and causal quantum theory
is able to describe the same phenomena as ortltpdoxum mechanics does, but now in
causal terms and in the conceptual frame work spaddime. Thus, we have arrived to a
situation where quantum phenomena can be desceiitber in a causal way, that is, in
an understandable and intuitive way; or in indeterstic non causal and non local terms.

We are in a situation rather similar to what haggakeim Galileo’s time. Back then,
there were two theories to explain the planets’ emoents. The geocentric model of
platonic origin, which Claudius Ptolemy had peréetin the 2 century of our time; and
the heliocentric model of Aristarchus, later regaiy Copernicus.

From a formal point of view, as we know, both madeikere effective. So, they
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could be used by the astronomers of the time. dfsacity to describe the planets’
movements was very similar, considering the prenisvith which their positions were
known then. Naturally, like it happens with all netglthat intend to describe something
real, those models had imperfections and flaws aedethere. However, the defenders of
such cosmologic models considered these imperfectio be temporary and they
believed that future developments would be abletoove them.

We know that the transformation of geocentric cdsgn into heliocentric
cosmology, accepted by most of the community, Isoibntific and non scientific, was
due to the acceptance of the ontological unificatid the sub-lunar and supra-lunar
worlds. This change is on one hand partly due ® discovery of new observable
evidence by Tycho Brahe and also Galileo, with dite of the lunette, an observation
instrument that at the time had recently been dseal.

The new nonlinear quantum theory comes from a enhifiision of the quantum
world and the macroscopic world. It shows thatdbparation of local characteristics and
non local characteristics, that is, of the corplesceharacteristics and the undulating
characteristics that we adopt in macroscopic pBysi® mere approximations. These
approximations are only valid at that level of dgg®n of phenomena. In reality, those
characteristics are omnipresent, at the macrosdepal and in the quantum level but
only in the latter case do they stop being conediéndividually; that approximation is
no longer possible.

The difference between the situations mentionedrbefrelated to the emerging
of a heliocentric cosmos and this new situation Irethe fact that it is now absolutely
necessary to find experimental evidence that allowsto decide which theory can
describe the quantum phenomena more approximatety raore effectively. In
confrontation are the Bohrean theory, the so cabetthodox quantum mechanics
accepted by most of the scientific community, amel¢ausal theory, the nonlinear theory
of a second order physics.

- The discussion is reaching a point that seemenéias to me — exclaimed
interested Lucius — Is there currently any expeninexperiment results, in sum, any
experimental evidence that allows us to decide satturity which theory should prevail?

Argus smiled and continued:

-That is exactly what | am going to speak abowdrlaBut before answering your
guestion | would like to mention, even if just blye the recent discovery of super-
microscopes. This is the name given to all the lfami microscopes that have a high
resolution power.

- What is the high resolution power of a microscdpeasked Amadeus.

- | can explain — answered Argus and continued:

- The optical systems for amplifying, like the nuscopes, have a maximum
theoretical limit for their power of amplifying amage. At first sight, this affirmation
may seem like a paradox. In reality, certain pedgds informed about physics may be
led to believe that the capacity of a microscop@ldping an image has no limits. The
reasoning that can lead to this naive conclusiomase or less the following: let us
consider an object whose image we want to amplifging a common microscope we
can amplify the image by let's say one hundred dinidnis amplification can be easily
obtained with a normal microscope. After this, vet the image of the object, amplified
one hundred times and we will use it as an objgeiplifying it another one hundred
times with the same microscope. This second imagesponds to an amplification that
is the product of both amplifications. This meamse hundred times one hundred which
makes ten thousand. That is, we would have an imaiea final amplification of ten
thousand times. This process could go on indefipitdhus being possible to obtain,
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according to this line of thought, the intendedafiamplification. However, Nature does
not work this way! All the previous reasoning isong, or rather, although correct from
the logical point of view it is not valid to dedoei what is going on.

In fact, all the usual systems of obtaining an imégve two types of limits in
their power to amplify.

One of these, the easiest to understand is rekatethe fact that the image
degrades with successive amplifications. In thisy,wafter a certain number of
amplifications the final image is so degraded thaas no use. This natural degradation
process results from the imperfections of the Iem@s®l other different causes, which lead
to a progressive loss of quality in the final image

The other limit, a lot more important than the lofsmage quality by progressive
degradation was discovered by physicists in tHe &htury. They discovered that there
was a basic and fundamental reason, inherent topital devices that lead to an
inexorable loss of their capacity to amplify an gaaAs perfect as the optical instrument
may be, this limit always exists.

To this limit they gave the name of resolutionthese conditions, the resolution
of a system, optical or not, destined at givingnalfimage represents the capacity of the
system for being able to distinguish, that is,dsotve, two points of the object that are
next to each other. This concept is not, in generaty well defined. Now, being
somewhat artificial, only in certain cases it isllveefined: however, and apart from all
its limitations it is an extremely useful conceptpractice. This characteristic, that limits
the resolution capacity of optical systems, resitism the wave nature of light. So for
this important concept to be understood, lets usfliprlook at how one of the most
common optical systems works: the camera. The dankera, that constitutes a
fundamental element of all cameras, analogicaligital, was discovered in the 12th
century by the great Arabic scientist Ibn al Haithamost well known in medieval
Christianity as Alhazen. The basic principle of tfeek camera can then be represented -
and draws (Fig. J6.5).

7

Fig. J6.5 — Scheme of the dark camera

A luminous point of the object that in this cas¢hie arrow, emits light in various
directions, however, only a fraction of it, a quitarrow cone, enters the orifice of the
camera. This cone of light, representing the lum#point continues until it reaches the
screen where it gives rise to a luminous spot. Timsinous spot corresponds to the
representation of the luminous point object. THeeotifferent points of the object in the
same way give rise to other image points as yowseanWe then have an inverted image
of the object. This is the reason why photograpbétke epic years of photography had
to have a lot of practice to be able to take gaotupes. As they saw the object inverted,
the setting and focus of the image demanded eate c

As you can see in the drawing, the orifice diamefethe light entrance in the
camera defines the precision, the resolution offithed image. The smaller the diameter
of this orifice is the smaller the image point Irettarget detector will be, and thus more
points can be distinguishable, that is, resolvey.t& increase the resolution of the dark
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camera we would only have to decrease the orifiaenéter for the entrance of light.
However, in Nature things are not that simple.dality what we can see is that when the
diameter of this orifice reaches a certain minimdimension, the luminous point that
you can see in the target, instead of a decreagiaumieter it increases. This fact is due to
a characteristic of wave nature of the light catiééaction.

Abbe, a physicist of the 19century, showed that the maximum theoretical
resolution of a microscope was about half a wavegtle of the light used in the
observation. His work was based on a practical eskablished by another physicist of
his time called Rayleigh.

By the way, | also wanted to add for Liberius’ binevho is always interested in
the latest technology, that this dependency orrélelution of optical systems with the
colour of the light used in the devices has enosndechnical and industrial
repercussions. This dependency between the ligit aad the resolution of an optical
system explains the considerable investments tieat@arently being made to produce
compact disc players and recorders, DVDs and otihatsuse blue light or, even violet
light. This effort is perfectly understood if wek&into account that the red light used in
the present devices has a wave length that is almoutimes higher than the blue light.
The result of this fact is that the devices tha bisie light have a resolution power that is
about two times higher than the devices that udelight. As a consequence of this
higher resolution we have about a fourfold increiasthe capacity to store information.
To get an idea of the practical and economical itagibns you only have to see that if it
is possible to save two hours of film on a DVD venit with red light, on a DVD written
and read with violet light you can save up to eigirs of film.

To better illustrate this important question of thedulating optics let us consider
this image:

Fig. J6.6 — Image produced by a circular opening iemote field.

In this scheme we have a screen on which we hawde raacircular orifice.
Further away there is a target on which you cantsdmage in a remote field. The term
remote field means that the target was placedcsefffily far away from the luminous
source, from the orifice, so that the mathematw@sécription of the final image is
relatively simple. In fact, in these conditions, the so called approximation of
Fraunhofer, this image is relatively well descritibgcthe Fourier transform of the circular
orifice. In this drawing you can see that due @ wave character of the light, the image
of a circle gives origin to a circular maximum adHt followed by dark and luminous
concentric rings, the diffraction rings, of deciiegantensity.

Let us now make a slight change to the previousrmeeh opening another orifice
similar to the one before but relatively apart friipas you can see — and he draws a new
picture:
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Fig. J6.7 - Image in remote field of two orifiogsite far apart.

As it would be expected, the image produced byetitvws luminous circles, in the
target detector, is also composed of two diffractfgures well apart. However, the
question | would like to ask now is the following/hat do you think happens when the
two points of object light, the two orifices, dralose to each other?

- Taking into account what you said — said Luciugadvance — | think the answer
is obvious. As the points draw closer, the diffi@ctspots also draw closer, in such a way
that from a certain minimum distance, they seeipetone undistinguishable spot. | think
you get something more or less like this — he drawsheme (Fig. J6.8):

- That is exactly the answer! | can see that yadeustood the question perfectly —
answered Argus pleased.

—>
—>
—>

Fig. J6. 8 — Remote image of two very near points.

Meanwhile Argus continued:

- From these experimental facts we can take aipahariterion of resolution of
the two object points, like Lord Rayleigh did mahan one century ago. Two points are
resolved, are separable whenever they give risedaistinguishable diffraction figures
in a remote field. Under these circumstances atipedccriterion to infer from these
results is that the maximum intensity of a difffantspot coincides with the minimum of
the other one, as you can see in this scheme veheue of intensities of two diffraction
figures is represented — and he draws:

Fig. J6. 9 — Practical criterion of separationgesfolution, of two points.

From this criterion, as | have mentioned beforebélletermined the maximum
theoretical resolution power of a microscope inub@lf a wave length of the light used.

Since this question about microscope resolution been clarified | think it is
time to go back to super-microscopes.
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Until a few years ago the only process of obsentiregmicroscopic world was
through common microscopes, also called Fouriertsoacopes. However, in the second
half of the eighties of the 3century this panorama was radically changed. hisige
was due to the development of a new generationiafostopes — the super-microscopes
— with a resolution power much higher than commorroscopes. The practical
resolution of these super-microscopes, contraryFoorier's microscopes, does not
depend intrinsically on the wave length of the tiglsed. Moreover, the practical
resolution of these new microscopes, as far as m@vk has no intrinsic theoretical
limits. In these conditions, its resolution candmy, only depending on the technical and
practical impossibilities of the systems.

On the other hand, the development of this new rg¢ioa of microscopes led to
a new and ample conceptualization of the systemedito produce images. Now that we
have gone one step forward, we can certify withaterpleasure that the first devices
operating mainly according to this principle, titaccording to different processes from
that of Fourier, turned up a lot earlier than itsvilaought.

In truth, the old and familiar stethoscope, used dmctors for diagnosis,
constitutes one of the first systems based on ghigciple. This medical observation
device is capable of locating the heart of the guatiwith a precision of about ten
centimetres. This localization is done by moving #tethoscope along the chest of the
patient and listening to the heart beat. The sdreguency for this case can be estimated
between 30Hz and 100Hz, which corresponds to thedswaves of about 100m of wave
length. If this observation instrument followed thde of half a wave length for its
maximum theoretical resolution, derived from Abbe Fourier's common microscopes,
then the doctor would not be able to locate thetlefahe patient. According to this rule,
the maximum limit, the theoretical resolution, wabtihen be of half a sound wave length,
that is, approximately 100/2 = 50 m! However, yan cee that the real resolution of this
observation instrument is of about 10 centimetrBisis corresponds to a concrete
resolution of a wave length divided by one thousaulit has a resolution about 500
times higher than the maximum theoretical limiFolrier's microscopes.

The development of these super-microscopes wasodhe study of a rare and in
a certain way not well understood physical phenanetommonly called tunnel effect.
This phenomenon was discovered when the condit@mnsertain nucleuses to emit alpha
particles were being studied. Due to its rarenesslittle application in practical day-to-
day situations, for a long time this phenomenon a@ing more than a mere scientific
curiosity.

At this moment Amadeus intervenes:

- | don’t know if it was in a magazine, in a newseg or somewhere else, that |
read something about a mysterious quantum effatttiey call tunnel effect. This tunnel
effect, from what | gathered, would have quite ragea properties related amongst other
things to journeys to the past. If it isn’t askitmp much, | would like you to say
something on this topic.

- 1 would be very glad to accept your request, Aewsd— answered Argus — SO
much so that | have been patrticularly interestetiigmsubject.

The so called tunnel effect, as | mentioned, wasaliered in the study of some
guantum mechanical applications related to nugeacesses. So as to make this subject
clearer let’s start with some classic consideration

Let us suppose that a tennis ball is hurled againgll. What you can see is that
after hitting the wall, the ball jumps and boundesk again. This same fact can be
described in a more scientific language. So, welev@ay that a certain particle, the
tennis ball, having a certain kinetic energy, falisa certain barrier of potential, in this
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case the wall. As the energy of the particle, gmnis ball, is a lot inferior to the energy
of the barrier, the particle is reflected and basioack.

Let us now suppose that the same experience iatexpebut instead of using
tennis balls, we will use a tungsten projectiletdhpa cannon. What happens in this case
is that due to its great energy, the bullets of tileavy metal go through the wall as if it
were made of paper. Going back to a more scierddgcription we would then say that
the energy of the incident particles is higher thia@ barrier energy; in this case, the
bounding energy the wall.

The conclusion to take from these experimentsas ih classic terms, a particle
only goes through a potential barrier, when itsekimenergy is higher than the barrier
energy. These schemes illustrate this situatiomd-he draws the following two pictures:

Fig. J6. 10 — Classically, a particle of lower kineenergy than that of the barrier cannot
go through it.

— - - - -

Fig. J6.11 — Classically, a particle goes througpamier if and only if its higher kinetic
energy is higher than the wall connection energy.

However, from a quantum point of view, where we traensider the dual basic
unit, the wave-corpuscle entity, things are quiteecent.

Let us resume the same experiment, but now theclesriare quantum instead of
classical particles; electrons, for example. Irt tese, something surprising happens at
first sight. Let us imagine that the source issattrons at a slow but constant
cadence, with an energy inferior to the one oftthgier with which it will clash. We
can verify that part of the electrons will be refled, bouncing back, as might be
expected. However, an unexpected event occurs. Bteropposite side of the barrier
we can also observe some electrons. Against ewvegytthat might be expected in
classical terms some of the beaming electrons inddct crossed the barrier - he then
draws a new scheme, Fig. J6.12

Qo -~ Qo -~ Qo - o - Qo -

Fig. J6.12 - Tunnel effect. Even having an infegaergy, the quantum particle
has a possibility of crossing the barrier.
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This happens mainly due to the quantum entity’s evanature. In fact, a
phenomenon which is quite similar to the tunnedeffvas already known in the wave
optics domain. It is the so called frustrated togdllexion.

To explain the situation better, let us see whapbkas when the light goes from
an optical medium to another. For example, fronsgl@ air. What usually happens is
that a part of the incident light is reflected vehihe other is transmitted, as indicated by
this drawing (Fig. J6.13).

Fig. J6.13 - Light propagation in two optical mediu

As we can see, when the light goes from one mediugfass - to another, - air-
with a lesser refractive index; that is to say, whiee light goes to another medium
where the velocity of propagation is greater, thgl@ made by the transmitted ray
relative to the normal one at the separation sarfatween both media is greater than
the incident ray. In this case, the ray of lightdisplaced from the normal. If we
progressively increase the angle made by the intidg with the normal, we arrive at a
point called critical angle, from which all incideight is reflected. For angles superior
to the critical angle all incident light is refleck This phenomenon, where all incident
light is reflected, is called total reflexion — ahd makes a new scheme to illustrate this
situation (Fig. J6.14).

Fig. J6.14 - Total reflection.

As you know, this is the basic phenomenon that gwes optical fibres, used
mainly within the communications’ field. Howevers always, things are a bit more
complicated than they seem to be. Generally, ngoges to be richer and more
complex than anything our rough simplistic modelske us believe. In this case, we
verify that under certain circumstances, even ingufrom the start that all the
conditions for total reflection are present, thisten reality an observable transmission
of light. In given conditions, light penetrates ttoebidden medium! That is precisely
the phenomenon which they have designated, inatldgjua my opinion, frustrated
total reflection. This strange phenomenon is pésfetescribed, in mathematical terms,
by the wave theory of light. Being a consequendebt’'s wave nature, it is completely
similar to the tunnel effect in quantum mechanitgpo being of an intrinsic wave
nature.

If photons and other quantum particles cross adyaimr tunnel-type conditions,
the issue that now arises is to know the velodtyuzh a crossing. Surprising as it may
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be, the calculations lead to a barrier crossingnaimmense velocity. The crossing of a
tunnel barrier, in certain conditions, happens wathinstant transmission time, that is to
say, with an infinite velocity.

In my opinion, since | do not believe in instantaune interactions at a distance, |
think such results must be prudently considereagyTdre a consequence of using an
incomplete and surely limited formalism. In realithis is probably a phenomenon
where a change in scale occurs, a phase transitttere the true propagation velocities
are billions of times superior to the speed oftligh
Now, as it happens, there are experiments to deterthe propagation velocity in
tunnel conditions which provide such amazing resuti say the least. First of all, it is
important to refer that these experiments, whichewsrformed over and over again in
numerous laboratories around the globe, all pralithe same result. The result is the
observation of the existence of the so called supnal velocities, velocities superior
to the speed of light. The quantum system, thagbaiih question, crosses the barrier at
a velocity which is superior to the speed of light.

Let us concretely analyse these experiments inrdaodmake a safer judgement —
he starts drawing a scheme:

A A

A |

s

Fig. J6. 15 - The impulse of the light crossing piece of glass arrives after the
one which crosses air.

A

As you can see, a source emits a luminous impufsehws then divided into two
impulses, each of them travelling an equal extendio one of these courses, the one
above, the light only crosses air. The other pait somewhere, an optical medium, a
piece of glass for example. We can verify, throtigs experiment, that the luminous
impulse travelling through air reaches the targetector faster than the one which
crosses the optical medium.

From this observed fact, the posterior arrival leé tmpulse crossing an optical
medium, a piece of fibre glass, for example, eveeymay correctly assume that this
result means that light travels slower in opticatd than through air. The conclusion
drawn from this experiment is that the speed dftligavelling in glass is inferior to the
speed of light travelling in vacuum.

Let us now see a similar case, only optical filr@ow replaced by an equivalent
optical medium, a tunnel barrier, as we can see h@nd he draws a new sketch

A A

A N H

A

Fig. J6. 16 — The light impulse which crosses thenel barrier arrives before the
one travelling through air.

The result of this experiment, against what mightelzpected, is that the impulse

following the path below, where the tunnel barigelocated arrives before the impulse
travelling only though air. As | said, all the exipeents of this kind, and there have
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been many throughout the world, have always pravidhe same result. The impulse
following the tunnel barrier arrives before the araelling through air.

If we applied a similar reasoning to the case witeeemedium was optical fibre,
the conclusion would be obvious and it would intectnat light travelled faster in the
tunnel barrier than through air. | mean, inside tinenel barrier we would have the
superluminal velocities.

However, this is where the problem is, since tlisctusion is contrary to one of
the postulates of the theory of relativity whictaiols that the maximum possible
velocity isc, that is, the velocity that light reaches in vaouuMost authors have tried
to demonstrate that the results of these expersnam@ not in contradiction with the
theory of relativity. Thus, trying to take advargagf Fourier's nonlocal and
nontemporal ontology, they try very hard to questibe conclusions drawn from the
experiments’ results. As we have previously seen,Fourier ontology only one
harmonic plane wave has a well defined velocitythise conditions, any finite impulse
always derives from the compositions of many inéirwaves in space and in time, each
with its own velocity. This is how the magnum prel of defining the velocity of a
finite impulse arises. Consulting scientific litaree on the subject, we can verify that
there are almost as many definitions for the vé&joof a finite impulse as authors who
have dedicated themselves to the matter.

In these conditions, using an “adequate” definibrthe velocity of a finite pulse
we conclude that, after all, the early arrival lo¢ fpulse from the tunnel barrier would
not implicate a velocity superior to the one gadingpugh air.

The reference Amadeus made to the so called wolatf the past, and
consequently, of the the causality deriving frorast superluminal velocities, results
from the following reasoning. First of all, | musay | have heard people who consider
themselves qualified in relativity, making exhibits and seminars where they have
demonstrated that the existence of superluminabcitgds implicated a violation of
causality, of an action in the past and so on. Wafately, even some contemporary
literature of negative scientific information faltgo this same mistake.

Let us see how these authors arrive at this astmgi£onsequence:

First, they assume as a starting point that theryhef relativity is valid, not only
to describe the conceptual experimental Universghich it was conceived, but also to
describe every physical experiment that mankindl disicover or develop in the near or
far future. According to these expert authors,ttieory of relativity is, and will always
be, the first and the last word. This completelgmatic assumption is entirely contrary
to a true scientific spirit. Unfortunately, such attitude is not uncommon within the
scientific community. It suffices to remember thatthe 19" century, Lord Kelvin,
along with many other good men of science, belieargdl shouted out loud that science,
the physics of the time, was a perfect and condumglding. There was nothing left to
do, besides enhancing details and their respeptiatical applications. We know that
the 20" century has shown us how vain and deprived of mgasuch an assumption
really was. Precisely responding to the explicativeapacity of classical physics
regarding microphysics phenomena, quantum mechavassborn. In the domain of
phenomena where huge velocities intervene, whesespieed of light is involved,
relativity was born.

Probably, these people who sought to be side g/ with those who held power
in their evaluation, instead of searching for tbiestific truth; and who now dogmatize,
| shall say even more, who now deify the theoryedtivity, presently so fashionable,
they would be the first ones to fight Einstein whenelaborated on the theory.

As we know, one of the assumptions, one of thecbpestulates of the theory of
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relativity is that the maximum possible velocityyanaterial body can achievedsthat

Is to say, the velocity of propagation of lightvacuum. Now, relativity, being a good
project of a scientific theory, necessarily haso& coherent with its own postulates.
Thus, once we introduce a strange element in te®retical building, in perfect
antagonism to all its logical system, we cannoteexm worthy answer in the end.
Indeed, the strange element being introduced isayothe least, hideous. It consists of
admitting that in certain experiments, in tunnehditions, photons travel at a greater
speed than the speed of light in vacuum. Sincesthesults are radically against one of
the basic postulates of the theory, if there caer de an answer, it will have to be
completely without meaning. Something similar toatvhappens in a well lubricated
machine when, for example, in the engine of a weled car, someone inadvertently or
not pours an adverse ingredient instead of the wadedfuel, like sand or another
abrasive. The final result is well known to us. Tiwbole system, the machine,
convulsively collapses until it no longer worksdd not know, ho Amadeus, if | have
answered you question properly. What do you say?

- From the way you clarified the problem, | thirflete is little doubt left. 1 will
say even more, anyone who is scientifically horest, who has reflected a little on that
problem not confusing the whole with the parts, ldosee that the structure of the
theory of relativity does not bear velocities sugeto the speed of light. Which is
rather obvious, since one of its postulates canpiscisely in denying such possibility -
answered Amadeus.

- That was precisely what | intended to say - explArgus. — If the superluminal
velocities in fact exist, as we are led to beligbat can only mean that the theory of
relativity needs to be reformulated, generalizadsuch a way as to include, in certain
cases, velocities superior ¢o Such a conclusion is rather unsurprising, simtativity
is a century old, and therefore, from its elaborato the present day, a lot of work has
been done, either conceptually, or regarding theeldement of new instruments that
allow us to perform new and much more precise exyats. After all, the so called
theory of relativity, like all other physical thees, is but a human creation, and
consequently, it is necessarily limited. As | poasly mentioned, wanting to see the
theory of relativity as the final truth, the lastosd in the explanation of natural
phenomena, is not a scientific attitude. At the tmibss only a dogmatic belief similar
in nature to religious beliefs.

After this detour, | will return to our initial sydxt of the last generation
microscopes, the super microscopes. It was dutieg80s of the 20 century that
Binning and Roher, two researchers working for IBd&veloped the tunnel effect
microscope. Soon after, in 1986, they won the Ndélrede for this discovery. As the
name clearly shows, the base principle of this asicope’'s functioning was the tunnel
effect we have been discussing.

The electronic tunnel effect microscope is formgdaksmall tungsten needle with a tip
worked with such accuracy that its extremity cdoddone simple atom. This sensor, the
tip of the needle, is mounted on a set formed leggelectric quartz crystals, in a way
that it is capable of scanning the whole sampleet@bserved. The tip of this needle is
manoeuvred at a very small distance relative toctireductive sample. Actually, only
about 1 or 2 nanometres. | remind you that 1 natr@represents 1/1 000 000 000 of
the metre, that is to say, 1 metre divided by kobill When a small electrical tension is
applied to the tip of the needle, electrons, dueh® tunnel effect, overcome this
separation originating a minute electrical currdiite intensity of this current depends
exponentially on the distance separating the tithefneedle from the preparation. As
this sensor sweeps through the preparation, lindirfe, the intensity of the electrical
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current will also change according to the distabe®veen the point of the needle and
the preparation surface. These variations of intfgi$ the electric current are injected
into a computer, which, after an adequate treatroénhe information, produces an
amplified image of the sample surface that is beingerved. Here is a rough scheme of
this microscope:

Computer

Fig. J6.17 — Microscope of tunnelling effect.

These super-microscopes allow the possibility aaimling images with separate
points of about 0,2 nanometres.

After a little while the same principle was genamdl to other domains, giving
rise to a new generation of super-microscopes. firse development was done to
overcome one of the biggest limitations of the wscope of tunnel effect. This
limitation consists in its restriction in only pnecing images of conductive substances.
This effort gave rise to the atomic force microszojn this microscope, the tungsten
needle is substituted by a diamond point. Instddtdeosmall tunnel current, the point is
sensitive to the forces of Van der Waals. Theseefiare produced when the distance
between two substances is very small.

Just so that you get an idea of the value and itapoe of these forces you only
need to know, for example, that two pieces of glagls surfaces with the same shape
and perfectly polished, when leaning against edtlerp get so attached that it is
impossible to separate them, as if they had beeedgiogether with some very strong
glue. The “collage” of these pieces is due to tireds of Van der Waals.

In these conditions, the small variations in theeéofelt by this point when it passes
over the sample are then supplied to the compugstem for the treatment of
information. After proper treatment of the informoat collected by the computer
system, the amplified image appears on the moaiton any other display device.

- Argus, | think that system of producing an imaean object is a little strange.
The whole process seems to be quite complicatatervened Amadeus.

- You are totally right — answered Argus. — To @y clarify this situation | think
it is best to handle the subject with a bit moreagality.

In the common Fourier's instruments of image obtaj, that means, in the
image systems, the information originating from tgect goes into the optical device
in the form of a luminous wave. In this device thi®rmation is treated giving rise to a
relatively faithful reconstruction of the initialbgect. To simplify the analysis of this
question let us consider firstly one of the simpkasd oldest amplifying devices, the
common amplifying lens. This instrument, as youwns in general composed of a
simple converging lens or even by a round watee\vake for example a small fish
aquarium. In any of these cases, after receivieguminous information of the object
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this instrument gives rise to, depending on thgasibn, a virtual or real image that may
be recorded on a physical device.

In this case and in other similar cases the infétionaoriginating from the object is
treated directly by the device without any direatervention of the observer. The
imaging device works like an analogical system gpady built for that end. If the
shape of the lenses that compose the device wasethf, instead of a very reasonable
image of the object we would get a final imageha object with little or no similarity
to the initial object. So, the final produced imagethe consequence of the way the
device was built, that is, the shape and the natefithe lenses and also the distance at
which they were placed. It was precisely becaughtisfthat when Galileo presented the
first amplified image of the Moon, Venus and Jupstesatellites, obtained with the aid
of the telescope built by himself, most peopleludmg cultured people did not believe
what they saw. They thought that the images sedherielescope were mere hoaxes,
pure tricks, produced by the observation devicethis sense, they did not make a
distinction between the nature of the images preduzy the telescope and the images
produced by other optical systems, such as thedcsleope or other devices composed
of mirrors and lenses used in fairs and spectdmjeslusionists. So that the images
produced by the telescope could be accepted assexgative of a truly existent object
it was necessary, before anything else, to buikhale image formation theory of the
devices.

We know Galileo did not have a theory that validatiee images produced by his
telescope. Without an adequate validation criteridre images produced by the
telescope did not have any meaning. Naturally yowlcctest the lunette on the Earth
with distant objects thereby verifying whether theage produced by the device were
similar to the real objects. However, it is usatukeep in mind that this validation only
made sense for earthly objects. For celestial tdbgach a comparison criterion did not
have any use, since it was not possible to go éddbation to test the validity of the
image with the original object. The Aristotle pagad, at the time accepted by the
scientific community, affirmed that the celestidbjects had an eternal and perfect
nature, totally distinct from earthly objects thatre imperfect and perishable. It was
therefore necessary, as Galileo knew all too wellchange this entire dichotomist
paradigm so that the images produced by the tgbescould be accepted as true by the
scientific community.

- | have finally understood — exclaimed Lucius -e theason why many
knowledgeable people and | would even say honesplpedid not believe Galileo's
observations. Any minimally cultured person thaedl at that time accepted aristotelic
cosmology a lot more easily, not only because tmay been educated on it but also
because it seemed a lot more understandable thearduhious and foggy images
produced by Galileo’s telescope.

- Since the final image is obtained by a direct aeldtively simple method —
continued Argus — in this case and in other simdases, we can call this global
process, a measurement, or an observation ofrsteiind.

The functioning process of the new generation @esumicroscopes is a lot more
complex. In these devices the final image is ole@iafter a long and hard work. The
collected information on the specimen to be studigdthe sensor is sent to an
“intelligent” system, a computer that processed théormation in accordance to a
program. In general, the code of programs for tneat of the signal reaches great
levels of complexity, in such a way that, even with high speed of current processors
the information processing can take a consideratvleunt of time to produce the final
image of the object. The program has to take irtcoant the physical processes
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underlying the different interactions that occuridg the measurement. On the other
hand, it should also take into account the scanmmeghanism, the systematic and
random errors, weigh up the relevant factors so¢ aélhghe end, after the rendering,
smoothing, and the respective colouring is dongidtiuces a reasonable image that can
be seen on the display or that can be printed ltest not to forget that to be able to
obtain an amplified image of the specimen, the dewieeds to be associated to a retro-
feeding system, a feedback that is, an auto-rdgualaystem: a system that reacts in
relation to the response. This system should belwed in the whole measurement
process, from the specimen being observed to alctdmstituent parts of the physical
device, from the microscope to the processing méiron system. In these conditions,
the “intelligent” system establishes, according do iterative method, the best
interaction process between the specimen to beyzadhland the device, in order to
obtain the best final possible image.

In most medical imaging systems the global prof@ssbtaining the final image is
in everything similar to the one used in the sup@&roscopes. For example, in
magnetic resonance images or computerized axiabdgomphy, the programs that
process the information collected by the sensonkwe a system that allows choices,
that asks questions, even offering suggestionthéobest procedures.

The ultra-complex computing program of these newagimg systems processes the
information collected by the sensors and also takesaccount the overall behaviour of
the whole system. The global functioning of theggteams gives rise to an observation
process that is highly complex. This measurementqss is, as you can see, a lot more
complex than the direct process, or first kind pss; undertaken by Fourier's systems,
where the observation is done directly. For thasoa it is natural to name these more
complex observation processes as second kind nezasaots. As | have already told
you, in these second kind measurements the measntelavice behaves as if it has a
type of rudimentary intelligence, in such a wayttliae final image significantly
depends on the programme of treatment of the irdbaon obtained.

At this moment Lucius intervenes:

- What | gathered from what you have said is tHeeovations can group up into
two big categories: we have simpler and more dioddtervations, or of Fourier, that
you called first kind measurements but on the otreard we have the second kind
observations that are lot less direct. In thesereths a whole extremely complex
treatment of information that originates from thmgext. The final image of the object is
only built after a long and hard process of analysynthesis and | would even say
conjecture.

- That is exactly what | intended to say — exclaimegus — The principle of the
tunnelling scanning microscope was extended tmghieal field, giving rise to a whole
set of imaging systems capable of exploring thécapproperties of the specimens. The
first of these instruments was developed in 1984 hyoup of investigators led by Pohl.
Also in this case they were technicians from IBMeTresolution of this first optical
super-microscope was of one wave length divided2By Today, due to special
techniques of illumination and other technologitadks, you can get resolutions more
than five hundred times higher than those of thlaroon Fourier’s microscopes.

To simplify things | will only mention the basis ohe of the most simple of those
instruments. Even so its practical resolution isul®25 times higher than that of the
common Fourier’'s microscopes.

Since this microscope, like all of that generatiorakes second kind measurements
is then composed of a material or instrumental pad a part of non material nature,
“intelligent” nature: the information treatment gram. The ‘“intelligent” system
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receives and processes the information at the samee as it properly controls the
necessary mechanisms of interaction between therehit parts of the microscope. As |
mentioned, this computer program is, in general eemplex.

The material part, strictly speaking, of the mic@se is composed of three basic
elements:

1) An extremely small sensor that catches the lighttethby the object. In some
of these microscopes, with a resolution of 10 nagtoes, this light sensor is composed
of an optical fiber. This optical fiber has the gaaf an extremely sharp needle with a
light caption area that is smaller than the widtlastrand of human hair. The size of
the area of light caption is, as you probably ustderd, a critical element in the final
resolution of the microscope.

2) An illumination system. In some types of opticalpsumicroscopes with a
resolution in the order of the nanometre, theaaitelement is composed of the system
of illumination, while the dimension of the arealight caption is not as important. In
such optical imaging systems, the light sourceoimmosed by the tip of an extremely
sharp needle. The resolution, in this case, depsigdgicantly on the dimension of this
light source.

3) A scanning system. The scanning system, common lltothase super-
microscopes is in general composed of a systerartflevers with piezoelectric quartz
arms. The application of an adequate voltage osethems allows the scanning, line by
line, of the object area to be analysed. In a felrascopes this scanning system is
connected to the sensor that collects the lighttethby the object. In others it is the
illumination system that is connected to the scaguievice.

In these devices of optical imaging the light cotiéel by the sensor is converted into
an electrical current. It is this electrical cutrémat being proportional to the intensity of
the light locally diffused by the object, feeds theocessing system. This received
information allows the creation of a distributiompfor the object’s luminous intensity.
To get a better resolution, the auto-control deuviegulates the optimum distance
between the area of light caption and the objecanly case, the information received is
subject to adequate computer treatment, taking actmunt the removal of noise, the
rendering, smoothing over of irregularities andalse supply of the proper coloration.
At the end of all this work, an amplified image tbe object appears on the monitor.
Some of these final images are really very bedutfnd constitute great works of art.
Here is a very simplified scheme of this super-oscope (Fig. J6.18).

Fig. J6.18 — Optical super-microscope.

As you can see, for simplification reasons, thenscgy system was reduced to a
small plaque on top of the optical fiber. On thkesthand, the illumination device that
In some microscopes is critical is not represehe.

In this specific type of microscope, not diredtigsed on the tunnel effect, the
resolution depends fundamentally on the light capérea of the sensor, on the distance
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between the sensor and the light diffusing objemintpand also evidently on the
minimum step of the scanning system.

Due to the fact that this discussion has goneocoraflong time and we are all a
bit tired | think it is best to leave the concrgimof of the experimental limits of
orthodox quantum mechanics to our next meeting.
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SEVENTH JOURNEY

This time, as | usually headed towards the Booksbbphe Eternal Return | was
excited. | was also curious because | would finelpw the experimental evidence that
shows that indeterministic orthodox quantum medw®na theory that rejects the
possibility of pronouncing ourselves on the existenf a reality independent from the
observer, is not, as many claim, the last and fm@id. After all, this theory, like any
other from the past, must be subject to very seriguitations in its ability to explain
natural phenomena. Due to my great interest in whatwere about to discuss |
prepared my things so that | could get there eadymuch so that | was the first to
arrive at the Bookshop. | was already drinking arlvehen Fabrus arrived accompanied
by Amadeus. After a while Argus and Lucius arrivédter the usual exchange of
greetings, Argus started the discussion.

- For about seventy years, men like Louis de Beydtinstein, Schrodinger and
many others, tried to fight the orthodox interptieta of quantum formalism. As we
know, they started from the assumption that theran objective reality independent
from the observer. Naturally, they were consciokat tthe observer interacts and
therefore can change Nature to which it belongsot@, greater or lesser degree. On the
other hand, they firmly believed in the possibilttiybuilding local and causal quantum
physics. However, from the start they were limitedtwo obstacles that apparently
could not be overcome in this fight. The first au$e, that | have mentioned, resulted
from the implicit acceptance of Fourier ontologys We know, the acceptance of this
ontology, non-local and non-temporal, inevitablyplias the adoption of the non
locality in space and time, of the indeterminishgttis, of the non existence of causal
relationships between phenomena.

The second obstacle, also a big obstacle, wasedel&d the enormous
explanatory and predictive capacity of the orthodb®ory. We have to take into
account that up until 1996 no concrete experimeatadlence that could prove the
applicability limits of the orthodox quantum mecl@anhad been put forward. All
experimental results, within microphysics, had beescribed by the Bohrean theory in
one way or another.

In these conditions, it was no surprise that th@osgion to the orthodox
interpretation manifested itself more from the gahand philosophical point of view,
in conceptual and formal terms, gearing itself talsahe great public under the form of
the so called quantum paradoxes.

| have already talked about the removal of thet finig conceptual obstacle,
Fourier ontology. Now what needs to be shown andgha do this immediately is that
the limits of validity or application of this thephave already been found. Moreover,
this rupture happened in one of the most impoppdlars that support the theory, the so
called indetermination relations of Heisenberg.wes know, the most adequate name
for them would be the Heisenberg-Bohr indetermaratrelation, because although
Heisenberg had the privilege of writing their mattagical expression for the first time,
in reality it was Niel Bohr who understood theiranéng and attributed them with the
privileged status they have had since then.

As | have already told you, in February of 1928jdénberg, a young physicist
at the time, reached these famous relations anietdun Copenhagen to show them to
Bohr, who had already been awarded the Physics INetiee for his theory on the
structure of the atom. Later on, that work gave ris an article of 27 pages that
appeared in a German magazine. This article caedatine derivation of the inequality
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that would later have its name. When Bohr saw tlahematical expression of the
inequalities for the first time, he was very exditéHowever, he disagreed with the
interpretation Heisenberg wanted to give them. éfeierg, who had worked in the
School that had created matrix mechanics, intertdechterpret them only in the

framework of a general mechanics where the waveackexistics of quantum entities
were absent. Bohr realized that these inequaldedd not be interpreted in such a
simplistic way. They would have to be interpretedsidering both the corpuscular and
the wave characteristics. Heisenberg felt underchimeBohr and it is said that he left
that meeting very downtrodden, maybe even crying.|/Aave already mentioned,
between February and September of 1927 Bohr meditah the meaning of the
relations that Heisenberg had presented to himr Bobw that the year before, in the
framework of his quantum mechanics where the caudas characteristics were absent,
Schrédinger had shown that is was possible to desthhe quantum phenomena from
the equation he himself derived: the famous Schgeli equation. Moreover, Bohr
knew that Schrédinger had shown that the two foathhs that are, the matrix

mechanics and wave mechanics were equivalent, ishahey described the same
phenomena.

During those months Bohr associated Heisenberg ualggs with the
mathematical relations derived from Fourier analy#iwas in this way that Bohr had
managed to interpret Heisenberg-Bohr relationsa iparticularly simple and elegant
manner, as a particular mathematical expressiorhisf famous complementarity
principle. Bohr presented these ideas to the sieonbmmunity for the first time in his
famous communication to the Volta Congress, in &aper, in Lake di Como, lItaly,
about one month before the famous Solvay CongifeSstober 1927.

Let us see in summary what Bohr's idea consistedasfwe’ve seen, from
Fourier non-local and non-temporal analysis it iown that when one intends to
represent a localized function, for example, a Gamsfunction, the narrower it is the
larger the width of the necessary band, that i€ kigger the distribution of
monochromatic harmonic plane waves that need bedati reproduce it and vice-
versa, as you can see in this drawing:
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Fig. J7.1 — Heisenberg-Bohr relations.

It is to be noted thatx and Av represent the uncertainties, or errors, in the
determination of the position and the velocity.

When we have only one harmonic wave, its extenisiosis we know, infinite, in
space and in time, and according to Fourier ontolibghas only one well-defined
frequency, either spatial or temporal. This, inntuand according to the implicit
postulate of quantum mechanics, corresponds tolladefned energy and therefore to
a perfectly defined velocity. If in this case wevlaa well defined velocity (that is,
without any errors) what can we say about the osdf the particle?
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As the particle can be located by the act of meamsant in the regions where
the wave has a non null intensity and as this wersts in all space and all time with
the same amplitude, one can then conclude thaniegist with equal probability in all
space and in all time. So, uncertainty, or therarr determining its position, is infinite.
In these conditions our knowledge of the velocgyabsolute. The velocity value is
known without any error. However, it is also trirattthe price to pay is enormous. In
this case, we do not completely know the positibthe particle, since it can be located
in all space and in all time.

The second horizontal group of drawings represti@sgeneral case in which
the particle is represented by a finite wave. lis ttase it can be located in a certain
finite region of space. More exactly, it can bedled in the region where the intensity
of this wave is non null. The error in determinih@ position is due to this zone’s size.
What then is the speed of the patrticle in this 2a8e do not know! All we know is that
the finite wave that contains all the informatidvoat the particle is composed by the
addition of many harmonic waves, each with a wedfirled velocity. In these
conditions, the uncertainty about the velocity loé fparticle is given by this velocity
interval; that is, by the bandwidth of harmonic wathat compose the finite wave.

The last drawing represents the other extreme tasgaosition of the particle is
known without any error. This type of function thaés the information about the
precise location of the particle is called Diratta@éunction. In this case, the bandwidth
of the harmonic waves necessary to build this foncts infinite and therefore, the
error, or the uncertainty in determining the vetpaif the particle is infinite.

In sum: the more you can predict the position &f plarticle, the less you can
predict its velocity and vice-versa. The unceriasin the position and the velocity are
inverse variables and are linked through the Plarmistant, as indicated in the final
equation that expresses Heisenberg-Bohr relatibhs. way, the product of the two
uncertainties is equal, in the ideal case, or biggan a particular constant quantity.
This quantity is equal to the Planck constant aiditdy the mass.

These facts are, as we have seen a simple conseqokthe nature of Fourier
analysis. However, | want to bring to your attent@ very important point: a lot of
people call these expressions uncertainty relatiastber times they are called
indeterministic relations, even using these woglsyaonyms.

If we name these inequalities uncertainty relatidnmeans we believe that
before the measurement takes place, before thevaliem, the particle has a well
defined position and velocity. If that were so, weuld not know its precise value due
to a set of merely conjectured circumstances, thieenature of the instruments used in
the measurement and the inevitable device-objéetaation. In this way and at best we
would only be able to establish the value of thgpeetive quantities approximately,
with a certain error inherent to all real measunetsieln these circumstances, these
relations would only indicate our factual lack afokvledge of the true position and
velocity of the patrticle.

This affirmation could eventually be true in theseaf us trying to describe the
behaviour of a great number of particles. We waunldhat case be talking about a
statistical distribution of velocities of that gtemumber of particles. However, common
quantum mechanics, as we know well, is a lineasrthel he immediate consequence of
this is that what we can affirm about the statétioehaviour of a great number of
particles can also be applied when our objectudysts composed only of one particle.
As such, it works to describe one sole particlevalt as to describe many particles. In
the case of one sole particle the acceptance afdfantology stops us of talking about
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a statistical distribution of velocities, since real particle can have multiple values for
its velocity and position simultaneously.

In these conditions, to be consistent with the mhewe would forcibly have to
name such inequalities as indeterministic relatidndecomes necessary to clearly
explicit the fact that in defending that quantumcheics is a complete theory, it does
not make sense to talk about the position or tHecity before the measurement as
something real. Before the measurement all we hava group of potentialities,
probabilities without any real existence. Only theasurement, that is, the observation
can eventually turn one of the potentialities irgality.

At this time Fabrus commented:

- It is true! Unfortunately, most of the time anda more than is thought,
people who claim to be defenders of the orthodoantium mechanics but who never
understood it, mix up uncertainty with indetermmisUncertainty is something simply
factual, while indeterminism stands for a barrigattcannot be overcome and that is
intimately related to our cognitive limitations. d$e people still cling on to the classic
thinking characteristic of a pre-quantum paradigmas unfortunate enough to hear an
illustrious physics teacher, who claimed to be angum physicist due to the fact that he
taught quantum mechanics at a University, and happaosly stated that quantum
mechanics was a causal theory!

Argus started again:

- The success of these relations was enormous! feanhy on, the scientific
community realized its great importance. Since dtagt many publications appeared,
not only in the physics domain so to speak, bub aisworks of epistemological and
philosophical nature. In such conditions, it is sbainge that many people, including
even certain well-known authors, did not understiésdeep meaning properly. For that
reason, violations of these relations that in teespective of the Bohrean paradigm are
perfectly irrelevant are sometimes invoked. As gisvBohr, Heisenberg and even Karl
Popper emphasized that the uncertainty relatiomsedated mainly to the measurement
problem, that is, the observation in quantum meicisaand with the predictions that we
are gualified to do regarding a future measurement.

To better illustrate this situation, let us considecase of an apparent violation
of the Heisenberg relations. From the possibldipialpossibilities we will consider an
excellent example presented by Andrade e Silvhaarsixties — he starts to draw:
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Fig. J7.2. — Experiment on the apparent violatibthe Heisenberg relations.
In this drawing you can see a source that emitstreles, one at a time, a

monochromator and a target with an orifice, behitniich there is a velocity detector.
This detector has the particularity that it recotds passing of the electron without
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destroying it. In its turn, the monochromator idevice that works like a prism. When

white light falls on a glass prism it is decomposg#d the fundamental colours, giving

rise to the colours of the rainbow. This resulsnirthe fact that white light is the

mixture of all colours, from red to violet. The iact of the prism is precisely to operate
this separation just like a selector sieve. As eatbur corresponds to a frequency, this
means that the prism will separate the differeagjdiencies that compose the initial
beam. In these conditions we can isolate a barfdeqtiencies, that is, of colours, for

example, the yellow band. That is why monochrométwno +colour) is the name for

that device that isolates only one colour, or nynecisely, that lets a narrow band of
frequencies pass.

Then the electron emitted by the source falls @nionochromator coming out
of it with uncertainty in its frequency, which ieet same as saying an uncertainty in
velocity, since these two values are related. Thisertainty in frequency depends only
on the characteristics of the monochromator. Tloelyet of the uncertainty of velocity
by the uncertainty in the position should respdwt Heisenberg-Bohr relations. It
should then be higher or equal to the Planck cahsta

All very well up until here. However, let us suppabat we now make a very
small orifice in the target and let us also adméttthe detector is arranged in such a
way that allows us to attribute an uncertainty taslmaller than the previous one to the
electron’s position. As the uncertainty of velocdgly depends on the quality of the
monochromator and the uncertainty of position ef ghoup detector-orifice, placed on
the screen, and therefore these are independargsvdh these conditions, it is always
possible to choose a good monochromator and atdetarfice set in such a way that
immediately before the interaction there is a vdhat is a lot smaller than the Planck
constant for the product of the uncertainty of edjoby the uncertainty of position.

This result would then apparently be in contradictwith the Heisenberg-Bohr
relations. However, when the velocity measuremsntidne, the electron transfers a
certain quantity of energy to the detector. Sinlgis uantity of energy is always
undetermined, it then follows that the uncertaimiythe prediction of velocity of the
electron increases. This increase is bigger aslamsithe error in the determination of
the position, that is, as smaller the dimensiorthef orifice is. Therefore, after the
measurement, after the interaction, we know thatpgioduct of new uncertainties is
equal or bigger than the Planck constant. Thislretwws clearly that there was no
disagreement with the Heisenberg-Bohr relations.

For a conclusion we can say: regarding somethiaghas already happened we
can have concrete experimental situations that kead numerical disagreement.
However, with regards to predictions about a futmesasurement, due to the inevitable
object-device interaction, the uncertainties in ttetermination of the position and
velocity are such that we are once again limitedheyHeisenberg-Bohr relations.

- The famous Heisenberg relations or Heisenberg-Belations, as you called
them, are not mysterious after alll — exclaimed Ama — They are nothing more than
a direct consequence of the acceptance of Fourtetagy.

- It is exactly as you say — continued Argus — iSaje reject this ontology we
open doors to obtain the uncertainty relations d@inata lot more general.

In truth, if we proceed in a manner similar to tree used by Niels Bohr to
derive the usual indeterminist relations, but iadt®f using the non-local and non-
temporal Fourier analysis we use the local analjpgiswavelets, we get a set of
uncertainty relations that are a lot more geneaatd-he started to draw (Fig. J7.3).
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Fig. J7.3 — General relations of uncertainty

As we have seen, if instead of using harmonic itdiwaves as a basic element,
we use Gaussian wavelets or Morlet wavelets wengeé general uncertainty relations.
For curiosity’s sake | will write down the mathemcat formula, which is relatively
more complicated than the usual or orthodox unireytaelations:

h? / m?

2

AX =
m’ g,

In this expressiongy represents the dimension of the basic or motheelet
As you can see, if the wavelet's dimension is Veiy, these new relations become
Heisenberg-Bohr relations from the formal point/w.

153



Dialogues on Quantum Physics

Formally

General Orthodox
rtainty Relationg , Undetermination Relations

Fig.J7.4 - In the limit, when the dimension of thesic mother wavelet increases, the
general relations transform themselves, from the&b point of view, into the usual
ones.

In the derivation of the general uncertainty relias the base wavelet used was
the Morlet wavelet. This choice was made due t@ouarreasons. Amongst them is the
fundamental fact that these wavelets have a wélhet® frequency. On the other hand,
they also have the supplementary advantage that #re relatively easy for
mathematical treatment. In this case, the formettnent can be made in general
without resorting to any approximations. This pagmextremely important, since when
approximations are made to reach a final resulty yever know with certainty if it
depends on the source theory or of the approximatibat were made throughout the
calculation. Finally, another advantage of no legsortance from the conceptual point
of view, results from the fact that from the geheedations, obtained from this process,
from a purely formal way you can derive the usegtions as a simple particular case.
This result is obtained simply by letting the dirsiem of the basic mother wavelet grow
as much as we want, so that on the limit it candeatified practically as an infinite
harmonic wave — and he drew:
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Fig. J7.5 — In the limit, when its dimension isywé&arge, the Morlet wavelet comes
close, for all practical effects, to an infiniterimnic wave.

So that we can see well the difference betweerusi@l relations and the new
ones that are more general, in first place we nepgresent the measurement space of the
orthodox relations. Basically, this abstract spateneasurement is nothing more than
the region where we can make our predictions ferditermination of the errors in the
velocity and position of a quantum particle in &ufeé measurement, as one can see in
the drawing — he drew something new:
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Heisenberg-Bohr
Measurement Space

Error in the prediction of the position

Error in the prediction of the velocity

Fig. J7. 6 — Abstract space of accessible measuntesseording to orthodox quantum
physics.

The vertical axis represents the indeterminatiopasition, while the horizontal
axle represents the indetermination in velocitye Tihterior, without shading, not
accessible to the measurement, represents thelderpiregion according to common
quantum mechanics. This region would always beidddn for us. It is not about a
mere factual and instrumental impossibility, butreal theoretical limit, a last
unreachable haven in our ability to understandityealhe exterior region, which is
shaded, corresponds to the zone in which we care rpeddictions; it is in that region
that we can make predictions about a future measne The border represents the
ideal case in which inequality converts into eqgyalit represents, according to the
orthodox interpretations, the minimum indetermioatihat it is possible to reach in any

measurement. Let us now see what happens in the georeral uncertainty relations —
and he started drawing:
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Fig. J7.7 — Abstract space of measurement accegdsiloion linear quantum physics, for
a certain base wavelet.
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In this case, as the basic element are finite wavescan have an error in the
prediction of velocity equalling zero, while the@rin the determination of position is
finite and given precisely by the dimension of thavelet, as one can see in this
drawing — and he showed Fig. J7.3. again. As yousee, from the formal point of
view it is precisely here that the difference bedweboth relations lie. The finite
dimension of the basic mother wavelet defineshis tase, the minimum error in the
prediction of the position.

As the dimension of this basic wavelet decreadwss,inaccessible space of

measurement grows smaller until in the limit allasg@rement space becomes accessible
—and he draws Fig. J7.8:
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Fig. J7. 8 — Total space of the measurement ad¢dedsinonlinear quantum physics.

In the usual relations the only wave that has a wefined frequency and
consequently a velocity known with absolute preeigs the infinite harmonic wave. In
these conditions, it then follows that the errothia prediction of the position is infinite,
because such is the dimension of that wave.

In new relations, as we have highlighted severak$, we assume that as a
starting point there can be finite waves, the Moviaves for example, with a well
defined frequency. We would then have a velocitgvin with absolute precision, while
the prediction for error in the position is finé®d given precisely by the dimension of
that wavelet.

When the dimension of that wavelet grows untiesieches enormous values, the
prediction for the error in the position comes elas infinite, for all practical effects,
and we then have predictions similar in every wayhe ones given by the orthodox
theory. In fact, as you can see, the general ogigtof uncertainty contain all possible
space, the Heisenberg-Bohr space plus the regimsidered inaccessible by the
Heisenberg-Bohr relations. It is to be noted that,comparison effects, | have always
represented in the drawings, in dashed line, the that defines the border of the
accessible measurement space according to thedorthibeory.

| want to take up this opportunity to bring to yaitention another very interesting
fact. This new causal approach to the problem,tdpan being a lot more general, also
allows the usual concept of measurement to be ezedv Until the advent of quantum
indeterminism, introduced in physics by the Copegeimaschool, the measurement
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process was essentially limited by the tools usegte the error of such a measurement
depends on the sensor used. If, for example, we t@ameasure the length of a table
and for that we use a ruler graduated in centiragtiieen surely the error in the
measurement determination in the order of the cegite. If, on the contrary, the ruler
is graduated in millimetres then our error will inethe order of millimetres. No one,
with good sense, would want to assess the dimensfian cell by means of a ruler
graduated in decimetres, centimetres or even natles. In the same way, if we intend
to measure within the field of electronics, for exde, a difference of potential between
two points of a circuit, we have to guarantee,hie tirst place, that our measurement
instrument does not disturb significantly the syste be measured. If that happens, the
result obtained by the measurement device willhate any meaning. Basically, it is a
scale problem described in a quite adequate wayhéylocal analysis by wavelets.
According to the scale, temporal or spatial, tedhe dimension of the base wavelet.

- So, | understood it — interrupted Lucius — witlede wavelets we can simulate a
measurement process in a method very similar to rked method. By using
measurement devices in which the scale is very Wigich is what happens in
astronomical measurements, the base wavelet wilkaly have to be the same size. If,
on the contrary, we consider the measurementsetqulantum scale, then the wavelet
will surely be of that size.

- Precisely! You understood the great advantaghisfimportant mathematical tool
that is the local analysis by wavelets — exclairAegus, continuing:

- After this introduction, maybe somewhat lengthyt in my view, necessary, we
are able to study a whole family of concrete meam@nts, made every day, in several
laboratories all over the world, that are not désd by the usual Heisenberg-Bohr
relations. We are talking about measurements meatgsely in the region forbidden by
these relations.

| want to mention again that the applicability @nnapplicability of Heisenberg-
Bohr relations to real experiences is very impdrtaimce these expressions constitute
the basic support of all orthodox quantum mechar@s the other hand, since the
interpretation of Copenhagen is accepted by thea waajority of the scientific
community without, it must be stated, really untemding it, the problem of the
validity limits regarding the orthodox relationssames a fundamental importance. The
affirmation that the venerated Heisenberg-Bohrti@ia can be violated is sufficient to
give rise to a feeling of franc opposition amongsiople, above all in the more
conservative people. However, the word violation itsn own is not sufficient to
describe what is really at stake. No one affirnmag thassic mechanics is violated by the
fact that there are physical phenomena not destrilyeit. In the region of great
velocities, that is, velocities near the speed ight] classical mechanics does not
describe the observed phenomena, making it negetsarse relativity. In the same
way, also on the quantum scale it reveals itseihagfficient, making it necessary to
use quantum mechanics. This is because the théergg developed in a certain
experimental and conceptual context, has necegéarits to its validity like any other
human construction. The fundamental base of theoddox interpretation of quantum
mechanics resides in Bohr’s principle of compleragtyt that, in its turn, finds its
mathematical transcription in Fourier ontology,deg directly to Heisenberg-Bohr
relations. The great problem lies in the convictibat in that theory our limitations in
rationally understanding the world are exposed,eoacd for all. Such a position is
equivalent to affirming that this theory is a lirtfieory, not being then possible to build
a better theory than that one. | recognize, onegathat this theory is the best that man
managed to build until today. It is a theory wathormous consistency and enormous
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ability to describe phenomena in the dominion otnephysics. But it is not THE
THEORY in the sense that | have already talked alféar the simple reason that no
theory built by man can be it!

Lucius decided to ask, trying to make a point ef $ituation:

- Are you telling us that what is happening witle tHeisenberg-Bohr relations is a
consequence of our experimental universe, on om&l,hand on the other of the
development of new conceptual tools having chardgeply? Since the old times of
1927, when these relations were created, this dpaetnt would be such that now they
are only able to describe a small amount of therapitysical reality? In these
conditions, and taking simply into account thattsuelations are a simple human
construction, necessarily resulting, as | saidnfi certain historical context, we would
have to conclude that, sooner or later, they velleal their weaknesses and thus their
application limits?

- | wouldn’t be able to say it better than you, lusc Your questions already have
your answers — said Argus, continuing:

- We are in a situation that did not happen mamesi in the history of physics. The
real issue here is a change in paradigm. The ibahiready revealed by the orthodox
indeterministic relations to describe, as we widkesa set of quantum phenomena
showing that the Copenhagen paradigm has alreaded its validity limits. It is not
about, as | mentioned a simple and local violatwdrthe established paradigm that
eventually may be overcome with some “toucheshtotheory, but a real change in the
way of understanding things. In truth, it is abolk passage of an indeterministic
paradigm of idealistic roots to a causal paradilgat starts from a realistic position.

In order to present a clear and solid demonstratibrorthodox relations’ real
limitations, so that everyone acting in good fatdn understand it, | will analyse the
paradigmatic example usually designated by thedfibisrg microscope experiment.

This conceptual experiment will be done simultarspwith two microscopes: the
first is Fourier microscope, the only one knownHeisenberg’s time and the second
one is the optical super-microscope of the new igeiom developed by Pohl and his
group.

The experiment of the Heisenberg microscope, taathe considered classic, has
the advantage that it is talked about and discussagteat detail in most quantum
mechanics texbooks. In essence, the experimentistonsf placing a microscopic
particle in the microscope observation area. A twanof light will fall on this
microscopic particle, a photon, transferring t@ icertain amount of energy. After the
collision the photon will be diffused and will exeally be captured by the microscope.
After adequate treatment of the received infornmatoluminous point that represents
the position of the particle appears on the miaspscvisualisations’ device.

- |1 did not understand very well what you said. Aol able to clarify the subject a
bit better please — asked Amadeus.

- With pleasure — continued Argus:

- The best thing is to draw an image that is warthousand words — and he started

to draw:

0 — O/

Fig. J7.9 — The micro-particle being observedligninated by a photon.
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Since the M micro-patrticle that we want to obsenas no light of its own, it
will have to be illuminated. For conceptual simigktion reasons, let us admit that this
luminous source, not represented in the drawingseome sole photon. This photon will
hit, that is, will interact with the micro-partigléransferring to it a certain amount of
energy. As is to be expected, after this interactille M micro-particle that was
initially resting, will acquire a certain velocitwhose magnitude is also unknown. After
this interaction the photon will be diffused andllvaventually be captured by the
microscope. As you can see in the image, if thetgzhas not captured by the
microscope, nothing can be concluded. We will thase a measurement with a null
result, that is, inconclusive.

It is an extremely simple method. The light comirgn a source will illuminate
the particle M, and will then be diffused. Thisfd#ed light will go into the microscope,
where, after adequate treatment, it gives risenéodppearance of an image of the M
particle. In this simple case, this representat®omothing more than a small dot, a
region more or less extensive, where the imagheparticle is located. In this case and
to minimise the interaction of light with the M patle, this light was reduced to its
more simple expression, to a simple quantum ot ligiat is, one single photon.

Our problem consists in predicting, before the cetec measurement is made,
the uncertainty in the velocity of the microscopit particle due to the inevitable
interaction of a quantum of light with it, calcutad simultaneously the error, that is, the
uncertainty regarding the determination of theipkrposition.

Let us start with the prediction of the maximum entainty in the velocity of the
M patrticle after the interaction with the quantuinlight. The prediction of this error
can be done in different ways. To see it, all yavehto do is to consult different
textbooks of quantum mechanics. Each author, winiet the Heisenberg microscope,
aims to present a treatment as original as possiblé& would be expected. For that to
happen, he presents calculations taking into adccmamne or less parameters, weighing
the different effects generalizing where possiblat at the end they all arrive at the
same final result no matter how complex the pallovieed was.

This is a direct consequence of the starting assangpof these authors. The
purpose of all of them ultimately consists on diegvthe mathematical expression of
the Heisenberg-Bohr relations. In an ultimate asialythese relations require from a
formal point of view that the product of the pawmiti uncertainty by the velocity
uncertainty must be superior or equal to the Planristant divided by the mass. Then,
as from the start the uncertainty in the positi@ednination of a common Fourier
microscope is determined and since, as we knois, lialf of the wave length of the
light used, there is in fact no freedom for therespion of the velocity uncertainty. Its
value has to be such that its product by the uacgytin the position is the same, in the
ideal case, and in general superior than the Plapoktant divided by the mass. As
such — and Argus starts to write the formulas gmaper — if the uncertainty in the
prediction of a particle position made by a Founcroscope is given by

Ax:i
2

where the Greek letteéx represents the wave length of the light; knowihgt tthe
mathematical expression for the Heisenberg-Bolaticals is

AxAv:D
m
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one immediately concludes that

Av = h/m’ _ h/m
X Al2
or simply
AV = 21
mA

This result can and should be considered a goadtrasice it is confirmed in
all experiments that use common Fourier microscopssl have mentioned, several
authors always arrive at this last expression &ir fhrediction for the error regarding the
determination of a micro-particle velocity, illunated with a light quantum, after a
more or less hard process. In these conditionsptbduct of this uncertainty by the
error in the position leads to the expected formugand it points to the expression

However, this expression is related with the idide in which equality can be
observed. In general we should write

AxszD
m

that is, where equality is, substitute it with gign equal or greater than.

The quantum measurements are, in the case of Faur@oscope, made in
these conditions and, as such, are made in theunesasnt space of Heisenberg-Bohr —
in Fig. J7.10 he drew a point in the measuremeatemwf Heisenberg-Bohr with the
respective coordinates.

Heisenberg-Bohr
Measurement Space

Error in the prediction of the position

Dv _ . .
Error in the prediction of the velocity
Fig. J7. 10 — Measurement made in the Heisenbelg-8mace
- Let us now see — he continues — what happemstéad of using a common

Fourier microscope we use an optical super-reswutmicroscope, the Pohl
microscope, for example.
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Regarding the determination of the velocity erttoisiall very similar to what
happens in a normal microscope. This is simply beedhe phenomenon is identical. A
quantum of light illuminates the micro-particle tha&s being observed. So, the
uncertainty in the determination of the particldoegy is precisely the same in both
cases, that is,

AV = ZL
mA

Regarding the determination of the position errax see that the photon is
diffused after the interaction with the micro-peléi and is eventually captured by the
microscope. The uncertainty in the location detaation comes naturally from the
error in the determination of the position of thémo-particle. For super-resolution
microscopes there isn’'t, or up until now there Hadeen discovered a limit of
theoretical resolution derived from the first piples; all we have is its practical
resolution. For the Pohl microscope we saw thataameget resolutions in the order of

or even better. In these conditions the produthese two quantities amounts results in

AxAv=i E
25 m

In this case, since we are using the practicalluésa of the super-microscope,
we do not need to substitute the equals sign bytiperior than or equal to sign, like
we did before. To make any change would be precibel contrary, that is, substitute
the equal sign by the smaller than or equal to sign

Axszi h

25 m’

This for the simple reason that in the demongtnatve use a super-resolution
microscope of low practical resolution. We knowttmage can really reach practical
resolutions that are quite higher. This measuren@nyou can see, was made precisely
in the region forbidden by the usual relations.yAs can see in the drawing — and he
showed Fig. J7.8, where he makes a point:

161



Dialogues on Quantum Physics

Generalized
Measurement Space
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Error in the prediction of the velocity

Fig. J7. 11 — Measurement made in the general spaas, in the region forbidden by
the usual relations.

Error inthe prediction of the position

By the way, and to better help visualise and uridadsthe whole process, | will
show you a drawing that | did a while ago and ttaaitains a summary of what | have
said, that is, the evidence of limits regarding Heisenberg-Bohr relations — and he
shows Fig. J7. 12 (on the next page).
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Proof of the limits of validity of
Heisenberg-Bohr Relations

Measurement of Velocity and Position of a Particle

PREDICTIONS
Incertainty (error) of Velocity

Incertaity (error) in Position

Common
Fourier Super-microscope
Microscope
"
=
.-
Conputedpi

==

Maximal Theoretic:

- Practical
Resolution Resolution
AX = A— AX e A

2 50
Uncertainties Product
1 h
AX AL :ﬂ AXAL = —x —
m 25 m

Fig. J7.12 — Evidence of the validity limits regaigithe Heisenberg-Bohr relations.

As you can see, we obtained a discrepancy withptldiction of the orthodox
theory of 1/25. It is best to keep in mind thasthesult was obtained, as | have already
mentioned, using a super-microscope of low resmhytiwith those ones of higher
resolution there would be higher discordances. Waig, these results clearly show that
the Heisenberg-Bohr relations do not describe thctfoning of the optical super-
microscope. It was then been proven that in troghdrthodox relations have limits to
their application in concrete physical situatioms. other words, there is a whole
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experimental universe not described by them. This/&ise is perfectly described by
the more general uncertainty relations.

- Ho Argus! — interrupted Lucius — When you spokew microscopes, the Fourier
one or the super-microscope, you did not menti@nithages obtained with a simple
photon. Now, for the falsification of the indetemsm relations you spoke about a
single photon. How does this all fit in?

- You are completely right! — exclaimed Argus — &ways, you asked the relevant
guestion.

In practice, as we know, in a normal working orbeth the common microscope or
Fourier microscope and the super-microscope wotk @&igreat number of photons.
There are good reasons for this. On one hand,vielig hard to make mono-photonic
sources; that is, sources that emit with good béiig conditions one photon at a time.
At first sight you could think that it was a eaagk. For that it would be enough simply
to reduce the intensity of a luminous source so Wehad one simple photon in the
limit. In truth, things do not happen that simpliy.can be seen that photons have a
special tendency to agglomerate. This tendencyplfmtons to agglomerate, is called
bosonic, or bunching effect. To break this tendeiidg necessary to create special
devices that only in the eighties of the last centuere possible to make. Another very
important factor is related to the impossibility daild detectors with an efficiency of
one hundred per cent. That is, sensors capablestettthg all photons which reach
them. Apart from everything, there are no theoe¢tieasons that prevent the common
Fourier microscopes or the super-microscopes froatkwg in a mono-photonic
regime.

Aiming to clarify this subject a little better lets see how the optical super-
microscope in mono-photonic regime can work in gple. For that let us admit for
conceptual consistency reasons that our sources emi sole photon that hits the
micro-particle whose position we intend to detemni®n the other hand, we also
assume that the detector has an efficiency of amelied per cent and also that during
the experiment there is no other parasite diffusghtt, or any other experimental
difficulty that can forge measurement. In other dgrwe assume that we are working
in ideal experimental conditions. Naturally, we aomscious that such ideal conditions
are impossible to reach in any real concrete expani.

Under these conditions, the simplified conceptuapeeiment unrolls in the
following manner:

The single photon, emitted by the source, stikesrticro-particle, transferring a
certain quantity of unknown energy into it. Aftéig interaction with the micro-particle
the photon is diffused and goes into the opticalsee that happens to be precisely
located on the cone of detection. Once the photas theen collected, this sensor
generates an electric impulse that goes into thepater. After that, the computer, the
computer system, knowing the position of the lighisor, produces a pixel of non null
intensity on the visualisation screen. The positainthis pixel corresponds, at the
observation scale, to the position of the micrdipla. The dimension of this pixel
depends on the global resolution of the devices Timension stands evidently for our
error in the determination of the micro-particlespion. In all the remaining areas of the
monitor, constituting the background, you can sgelp of null intensity.

If the photon emitted by the source does not reaehmicro-particle, no photon is
diffused and as such no measurement is made. Qovtttbehand, if the luminous sensor
is not positioned on the diffusion cone, the phasnot captured by the sensor. So, no
electric impulse is produced and sent to the coerpahd therefore no pixel with
intensity different from zero is placed on the screUnder these conditions, no
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measurement is made, which goes against our ihgbthesises that we were working
in ideal conditions.

In conclusion, the measurement is only made iftlal necessary conditions are
fulfilled. These demands lead to the natural situathat many unfruitful attempts have
to be made until a measurement is effectively aglue In practice, this situation is
overcome using sources that emit a lot of photdns.this case, and in first
approximation, everything happens as if we wereukaneously making thousands of
similar experiments. One of these experimentsilliaf all the necessary requirements,
lead to a concrete measurement eventually.

- | think I now understand what you meant — affidieicius.

- Great — exclaimed Argus, continuing:

- As you can see, the functioning of the commonrasicope shows an interesting
dual behaviour. It was precisely because of thag Miels Bohr saw the paradigmatic
example of validity of his Complementarity Prin@gh the conceptual experiment of
the Fourier microscope. The experiment made wighRburier microscope proves the
wave-corpuscle dualism in a particularly clear neann

In first place, when the incident photon interagith the micro-particle, transferring
a certain undetermined quantity of energy intond Aeing diffused afterwards, it shows
its corpuscular character. In second place, théophafter being diffused goes into the
microscope through the different lenses of the @euntil it gives rise to an image point
on the screen. This image dot, distributed accgrtbna diffraction spot, represents the
position of the object. In this process the phdiehaves like a wave entity.

In summary, in this experiment the photon sometibefsaves like a corpuscle and
other times behaves like a wave. It is then no reepthe fact that it is really a
paradigmatic experiment of wave-corpuscle dualidvioreover, this experiment
emphasises particularly well the fact that orthodejations of indeterminism are
nothing more than a simple mathematical consequeinite complementary principle.

The situation is completely different when the sagxperiment is made with a
super-microscope. In this case, during the wholesmement process, the photon
always behaves like a corpuscle; the wavelike dspees not come into it. When it
interacts with the micro-particle and it diffusése photon behaves like a corpuscle just
like in the case of the common microscope. In tesway, when it is detected by the
optical sensor where it produces an electrical isgit behaves like a corpuscle. In
these conditions and since during the whole measeme operation only the
corpuscular aspect of the quantum being manifestdf,i it is of no surprise that the
complementarity principle has no relevance. Theais/conclusion to be taken is that
the orthodox relations do not apply to this typen@#fasurement entirely unknown in the
time of Niels Bohr.

Due to the late hour we will interrupt our discussbeing careful, however, to set
the date of our next and last discussion.
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EIGHTH JOURNEY

This time, | was the first one to arrive at the Bslwop of Eternal Return. | sat down
at the table, ordered a beer and began to corseilamnotations | had made of the
previous journey, while waiting for the other dission group members to appear. The
conclusion | had made, and which | reinforced whed@ewing notes from the previous
Dialogues, was the insurmountable fact that, ayrdache 2f' century, some people
not only accept but even very strongly defend, @ mealistic view of quantum physics.
To me, this situation seemed unusual and unexfilEnaince as we had verified, and
Argus had shown, it was possible to understandj@intum physics in intuitive and
causal terms. It was as if there were occult fomesing to promote irrationalism, to
prevent the progress of knowledge and, consequetahstop the evolution of the
human thought.

| was lost in these considerations when Lucius Anthdeus arrived and warmly
greeted me; after sitting at my table they ordereffee, we started talking, naturally,
about quantum physics.

Lucius was quite satisfied with our last dialogwdere, not only had we seen
clearly that there was an extremely solid altexgato anti-realism, but had also verified
that the anti-realistic orthodox theory did not daas expected, the ability to explain all
experimental evidence, not even at a quantum level.

Amadeus was a bit disappointed and Lucius, whg ttherished him, mostly due to
his generous and honest character, tried to makeuhderstand that this new situation
did not oppose individual religions, the belieftire idea of a God. Naturally, this is a
God that is not described in any book written bynm@ooks such as those become a
Dogma. If God exists, the only book in which we @ad Him is in the book of Nature.

Lucius, like me and Argus, was agnostic, but retgoethose who believe in the
idea of a God. Moreover, a God who he stronglyelveldl taught us to love ourselves.
Next, Lucius underlined that, in his opinion, rehgs and faith are one thing, science is
another, completely different: the best that cappea to both is not to get mixed up.
Each one has its very particular field of action.

This position cannot be considered the defencletlbctrine of the double truth, a
flag that served the human thought in order faoiliberate itself from dogmas and
dogmatisms. | believe that searching for the tiatthe ultimate purpose of science. A
truth which | relate to the deep meaning of thekbobNature, like Argus had told us a
few journeys ago. But this is a quest that must dimve all, humbly undertaken.
Humble as in knowing that no one owns the truth.afitude in complete contradiction
with that of those who believe that the truth isiteened in one or several books that
mankind has written and rewritten throughout thee¢hand a half millenniums of
monotheistic beliefs. No belief should attempt tmtcol the advances of science. It
suffices to remember, among others, the sad stofi€ordano Bruno and Galileo, not
to mention the more recent project of a theory tisaDarwin’s origin of species.
Whenever religion had got itself involved in scig@atdisputes, aiming to control the
investigation, sooner or later, they came to regre$cience, precisely because it is
science, can never support dogmas. No belief cpaatxheir “truths” to be confirmed
by science. This is a naive attitude, but alsorg dangerous one.

Meanwhile, Argus and Fabrus arrived, sat at ouletabd ordered an excellent tea
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that was served at the Café. After the usual grgetand information exchange, we
resumed our dialogue. Argus took the word:

- In the previous journey | have shown the limdas of the anti-realist orthodox
theory; today | will speak of a whole series ofuattons that can originate concrete
experiments to reinforce the need for a changéenguantum paradigm. | will start by
referencing a device, a very simple one from a eptual point of view: the photonic
condenser.

The photonic condenser, or light condenser, is dcdewhich, like the name
implies, is able to passively accumulate or stoi@jng a certain period of time, a
determined amount of photons. In reality, this degice similar to a common electrical
condenser, only instead of accumulating electroasdumulates photons. The electrical
condenser was discovered in thd' Tntury in a city of Flanders called Leyden, hence
the first devices where called Leyden bottles. Swe are at it, | would like to mention
that a first experimental version of the photorondenser was made in 2001-2002 in
the Physics Department of the Faculty of Sciend¢betisbon University.

There are, in principle, many ways of making suategice. For example, a crystal
made in such a way to allow a beam of light to p=te it and to be successively
reflected, by total reflection, in a way that itsdabes a trajectory with a tendency to
close, or even an optical fibre, with a functiomiar to what is described by the
following scheme:

Light Condense

|
-

Light pulse

Shutter  =—]—

~J/

Fig. J8.1 — Light condenser.

This device has the ability to continuously accusteithe beam of light penetrating
it in order to increase its intensity thousandsimes. At first sight, we could think that
such an increase in the beam of light's intensitthiw the ring would be infinite.
Obviously, it is not so, because from a certaingaf maximum luminous intensity the
system no longer behaves linearly. From this liomtit starts to lose light, reaching a
regime of stationary intensity. The device also dagndow the accumulated beam can
use to exit.

Once the global functioning of the condenser iseusitod, let us consider the
following experiment:

The condenser is loaded until it reaches the statjoregime. Next, the shutter
which is placed at the exit of the laser light seurs closed. Then, the window is
opened, allowing for the accumulated light, in tben of an impulse, to exit, as we can
see from the drawing.

The question that now arises is to know if Heisegiigohr relations are capable of
describing the behaviour of the light condenser.

The orthodox relations applied to this situatioh tes that the light impulse
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exiting the condenser must be such that, undercanymstance, one always verifies
the condition under which the product of uncertawttits frequency, its colour, by the

uncertainty of impulse time period, is always eqoabr greater than Planck’s constant,
that is — and he wrote the following formula:

Av At=h

That means the uncertainty of the light's colahgt is to say its frequencies’
bandwidth, or the light's colour range, to be nplitid by the duration of the light
impulse exiting the condenser must always be edqwmabr greater than Planck’s
constant. This result, as you can see, is no niane & simple consequence of Fourier
ontology. The shorter the impulse is in time, thereninfinite harmonic waves we have
to find to reconstruct it. Symmetrically, the geathe impulse’s duration is, the less
harmonic waves will be needed to reconstruct it.td limit, when the impulse’s
duration is infinite we are left with a single hamic wave with a well defined
frequency. In this extreme case, the frequencyrta@iogy is zero, that is to say, we have
an absolutely pure colour, while the uncertaintyhi@ impulse’s duration is infinite.

Let us now see if such relations are generallydyatiamely, if they are
applicable to the very concrete case of our photoondenser.

Firstly, we start by determining the uncertaintytloe dispersion variation, that
is, to determine the colour bandwidth of the lighpulse exiting the condenser. Since
the device works in a linear regime and since weafways working on low intensities,
one expects that the colour of the light exiting ting is the same as the laser source
that feeds it. In other words, if the light enterithe ring is red, the light exiting the ring
must also necessarily be red. Equally, if the cotafuthe light feeding the condenser is
green, the exit impulse will also be green.

Let us now see what happens with the impulse’stauraOn what factors do
you think the light impulse's duration depend orewlexiting the condenser? — he asks,
facing Lucius.

- If I understood the principle of the light conden correctly — Lucius
replied -, it seems to me that the duration ofithpulse depends fundamentally on two
conditions:

a) The device’s geometry, | mean, the dimensiortkefight ring;

b) The process used to extract light from the cosde

- Exactly! — Argus agreed. — You have just called attention to the fact
that the impulse’s duration is an entirely indepandvariable regarding the nature of
the light source that feeds the accumulation ring.

Now, if the independency between the colour bantdwad the light impulse
and its duration is valid, we have a real contrémiicwith the predictions of Fourier
ontology, and, therefore, with the orthodox indetiist theory.

Fourier ontology establishes, as we have seen aetieres, that there is
always, in such cases, a mandatory interdependesiveeen the uncertainty on the
frequency and the uncertainty in time duration. Tmeertainty in colour and the
impulse duration are, in this case, Fourier’s dumities.

However, if there is independency, in principlethiog prevents us from
choosing a source of laser light that is able smasa very pure colour, that is to say,
with an extremely narrow frequency bandwidth, amdutaneously design a relatively
small condenser in a way that the exit impulse’sation is short. In such conditions,
and since we are dealing with completely independanables, we can perfectly have:
- and he rewrote the previous formula where he ahignged the “greater than or
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equal” symbol to “very much less than” Planck’s siamt.

Av At <<<h

As we can see, we are clearly in contradiction viAturier ontology. This
experiment is one more case that points out thécaygity limits of the orthodox anti-
realistic quantum mechanics.

- Of all that has been said it seems to me then® idoubt left about the real
limitations of the orthodox theory. Thus, it is eesary to replace it with a more general
theory — Lucius remarked.

- That theory, as | have shown you, already exist&lded Argus. — | would
like to mention a rather interesting consequencéhefcausal realistic theory which
derives from the very nature of the quantum patithis, as we know, is formed by the
corpuscle, the acron, and its guiding wave. Inespftbeing intimately correlated each
of these entities have a distinct specific behaviou

Let us then see what the behaviour of the guidiagens, or theta wave, as it
is better known.

From the interferometry experiments with a singletiple we verify that there
are concrete situations where it is possible ttaisatheta waves. Namely, in the two
slits’ experiment. In other words, it is possibte donceive a way of obtaining theta
waves deprived of a corpuscle. This theta wave, diky other physical wave, like for
example a common electromagnetic wave, can becteflediffracted, and so on. Let us
consider a situation where this guiding wave impsgn a 50% semi-mirrored mirror,
meaning that half the incident wave is reflectetdilevthe other half is transmitted. If, in
the course of this transmitted wave, we place awosimilar mirror, the same will
occur. That means half the intensity of this wasé&ransmitted, that is, a quarter of the
initial theta wave. The experiment can be repebteplacing similar mirrors in front of
the transmitted beam, as shown here:

Wtk L

Fig. J8.2 — While crossing successive semi-mirrongdors the theta wave
progressively loses intensity.

As we can see, being that a theta wave is a realiqai wave, when divided
by several semi-mirrors it progressively losesnsity until it eventually completely
disappears.

As for the complete wave, wave plus acron, or thentum particle’s
behaviour, things are somewhat different.

Let us suppose we repeat the previous experimeiy,tbis time instead of
using theta waves we use quantum particles, that ssy, the complete entity formed
by the acron and its guiding wave. What can we etxjpem this experiment?

We know that, in virtue of its indivisible natutége acron is either reflected or
transmitted. Thus, after the interaction with teensmirrored mirror, the acron is either
reflected or transmitted while the theta wave isnutaneously reflected and
transmitted. For obvious reasons, we will only ¢desthe situation where the acron is
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transmitted. The cases in which the acron is redtbare set aside because these do not
lead to any detection, since it is made only fog pgarticles which will always be
transmitted in every semi-mirrored mirror. The asat@d guiding wave’s amplitude, in
each transition or each interaction with the senmran is reduced to half. If this
process of amplitude reduction were to continuewaeeld reach such a point that the
theta wave would be so tiny and we would have rattse, only a completely isolated
acron. We would have an acron without its assagigteding wave. This would be a
situation where there would be a quantum entityhwito associated wavelike
characteristic. In summary, it would be a purelypescular quantum entity. In this
case, Louis de Broglie’s basic hypothesis, funddaidn all quantum physics, which
states that to each corpuscle, or acron, therdwiaya an associated guiding wave,
would be broken.

To avoid the collapse of all quantum physics wd halve to admit that there
IS a more subtle interaction between the acroni@ndave. It is reasonable to assume
that, after reaching a minimum energy, compatibiéh vine aforementioned basic
hypothesis, the process of amplitude reductiomeftheta wave ends. To this point on,
the theta wave’s amplitude remains constant, tpraittical effects. This situation of a
theta wave’s minimum energy corresponds to its &nmehtal state. If the guiding
wave’s energy from this point on remains constangverage, we need to compensate
for the lost energy in each transition. This engcggompensation can only come from
the acron associated to it. Thus, in each tramsitlmat is to say, in each interaction with
the semi-mirror, the acron loses a minute amourgnargy in favour of the guiding
wave. This scheme — and he draws Fig. J8.3 —ttridisistrate this situation.

Fig. J8.3 — Quantum particle’s interaction process.

The whole interaction process of the quantum garigcthus divided into two
parts:

a) In the first part, the acron maintains its canstenergy, while the
guiding wave's energy diminishes continuously uhtgaches its fundamental state;

b) In the second part, from a certain point k dw &acron begins to lose
energy providing it to the guiding wave, so that tatter maintains its fundamental
state.

This means that while the quantum particle crogbes successive semi-
mirrors it gradually loses energy. You must notat thhave said the particle’s energy
and not the acron’s energy. This happens for tHekmewn reason that to all practical
effects the particle's energy is the same as ttgs energy. In fact, we know that the
acron’s energy is incomparably greater than itgliggi wave, billions of billions of
billions of times superior.

As long as we are at it, | would also like to abdttthis interaction model of
the quantum particle can be perfectly tested imal@oratory. However, since this
experiment’'s explanation involves some mathemadicd is published in scientific
literature, such matter will not be discussed here.
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I must remark that the previously described irdtoa process can be conceived,
either with 50% transmission capacity mirrors, athw9%, or any other value. The
process is, in principle, independent from the cetec value of the transmission
coefficient. Naturally, the greater the transmisstoefficient is, the more interactions
will be needed to obtain the same attenuation éenprticle’s energy. From what has
been said, we can understand that a medium cdestiby a large succession of semi-
mirrors is, to all practical effects, equivalent & continuous medium. In such a
continuous medium, the quantum particle progrefsil@ses energy as it crosses
through it. In case this quantum particle is a phpthis energy loss is equivalent to say
that it progressively changes colour. If the phoi®nssued by the source in a violet
colour, as it crosses the medium, it turns bluentgreen, yellow, red, etc. Thus, it is
understood that a beam of light, which is, in féatmed by a large number of photons,
while travelling through sidereal space, interagith the sub quantum medium which
fills it and loses energy due to the mechanism htoeed, walking naturally towards
red.

The generic formula that gives the loss of enehgyghoton experiences while
travelling through sidereal space is no more thamxgonential decay, similar in type
to the radioactive decay. Indeed, this formula wésgally proposed in 1935 by Nernst.
However, in order to achieve that mathematical esgion, this physicist followed a
totally different course from what has been mergtnl remind you that radioactive
decay is closely connected to the duration of rarctesidues. An equal formula was
advanced by Finlay-Freundlich in 1953 and by MaxrBim 1954. Later, in 1962, the
idea of the so called ageing or decay of the photas regained by Louis de Broglie,
even though he has not developed any explicit phiotieraction mechanism.

Even if the model of the photon subquantum intéwacmay be, as | have
mentioned, tested in a laboratory, there are neteth clear indications of its validity.
These indications occur within the cosmology domhirfact, both Nernst and Broglie,
together with some other ones, developed their lsau¢h this idea in mind.

At this point, our well-known Hilarius entered tBeokstore of Eternal Return.
With his usual arrogance and boastfulness he imatedglisat at our table.

- This is an interesting story - Argus proceedeahd simultaneously illustrative
of the strong influence of religious assumptionshi@ acceptance, even if temporary, of
certain so called scientific ideas that become ifatble and are taken as dogmas,
began more or less between 1910 and 1920. Attty Westo Shipher found out that
the light that reaches us, coming from near gatpeesents a systematic detour to red,
which is known asedshiftin scientific jargon. Due to the spectroscopic digries in
the late 18 century one knew that chemical substances, forbyedlements, issue a
characteristic light, called a spectrum, when exthy electrical discharges or any other
process. This characteristic light, or this speutruis related to the chemical
composition of the substance in question. This tspet; characteristic of each element
or substance, constitutes, so to speak,sigmature. One example may be easily
observed when grains of kitchen salt fall on tlewea's open flame. This flame changes
colour and goes from its natural blue colour tcelowvish colour, due to the excitation
of the sodium atoms contained in the salt. We krfowm previous studies, that when
sodium is excited it issues a very typical yelldwigyht. Thus, if a given substance,
common salt for example, when excited issues alainsblour this means that the
referred element is present in its chemical contjposi By the way, the name of the
physics branch dedicated to this type of study pecsoscopy. Spectroscopy is
nowadays a powerful method for discovering the casitppn of substances.

It was thus verified that there was a persistertt i the cosmic objects’
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spectrums towards red. That is to say, the ligidenfthese objects’ reach earth a bit
“reddish”. From the data of such observation, Hald&borated in 1929 a mathematical
expression, which was named after him, relatinghto cosmic objects’ distance with
this shift towards red. | must add that it is oaly approximate expression. There is no
need to mention that Hubble’s expression is a @ddr case, the linear approximation
of the general formula obtained from the model réigg the subquantum interaction of
the quantum particle.

No one within the scientific community doubts tHect, this observational
evidence. The problem that arose, and still dee$p know why the light emitted by
distant astronomic objects is "reddish”.

Several hypotheses have been put forth up untdytad try to explain such an
observational fact. Here, we only refer to the tnwast accepted explanations.

The first one was mainly due to Abbot Lemaitre.sThman of the church, an
ordained priest in 1923, interpreted that obseowati fact assuming as a fundamental
premise that the photon, that strange entity thah$ light, in its course of billions of
billions of kilometres until reaching the Earth, intains the same intrinsic frequency.
In a common language this means that no matter lhigwthe course of the photon
through cosmic space may be, it remains unchangedhtaining always the same
frequency. Since frequency is proportional to epetbat means the energy that a
photon holds at the start, when issued by the cosipject, is precisely the same it
holds when it reaches the Earth. And this, is eaier it has travelled astronomic
distances throughout sidereal space for billiongeatrs.

In other words, this interpretation attributes gteton, that complex quantum
particle, a completely different ontological staft@mm any other natural system subject
to a loss of energy, and therefore to a naturahggerocess. Thus, if the photon always
remains unchanged, with the same energy, the fregudoes not vary no matter how
long it has travelled in space.

Once the hypothesis establishing that the photoperennial is accepted, in
order to interpret the observed shift towards #tewe have nothing left but to resort to
Doppler's effect, characteristic of pure wave phaeoa. This wave effect
mathematized by Doppler in the™ 8entury, can be observed when a vehicle which is
in motion and issues sound, like when a train k@aneple, approaches us. We can verify
that the sound issued becomes more acute as this tralocity increases. When the
train goes away, the reverse phenomenon occursailned becomes less acute. That
means the sound frequency measured by the obsa#rvest changes according to the
velocity of the emitting source. In such conditiopms order to know if the wave
emitting object is coming closer or going away, amdy have to measure the frequency
in which a known sound approaches us. If the soiw@®ming closer, the frequency
increases. When it goes away, it diminishes. Thacgss, which we call Doppler’s
effect, is used by the traffic police to determiia certain driver is driving at an excess
speed or not.

Since light has wave properties, a similar phenamemust also be observed
with luminous sources. Thus, if light coming fronstranomic objects presents a
systematic shift towards the red, which correspaieda reduction in frequency, this
means those objects are moving away from the E&hils. explanation, as one can see,
is based on the idea that light is a purely wavenpimenon, completely setting aside its
inherent corpuscular nature, that is it quantunrattaristics.

From such presumptions, the astronomer and priestrges-Henri Lemaitre
then claimed that the systematic detour towardsrederedshift,is evidence that the
stellar objects are moving away from us, thus, Yderld, and the Universe, are
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expanding. Which implicates that if all bodies hetUniverse are moving away, or
expanding, there must have been a beginning. $msat originated the idea of the Big
Bang, the Great Explosion. In the beginning, matteuld be concentrated in one
primordial “atom”, later exploding in a Great Banghich would have originated the
World.

The process of the Universe’s creation, instantrisgant, with more or less
detail, can be found in any scientific book relatedh cosmology. Thus, Abbot
Lemaitre managed to conciliate his religious bsligfith the facts. He succeeded in
harmonizing his religious beliefs with observatibe@dence.

For having achieved such a remarkable deed, toroata“agreement” between
science and the Bible, he quickly became promotedhe religious hierarchy, soon
becoming director of the Vatican Pontifical Acadeafiyscience.

In a similar attitude that intended to justify ggtius truths resorting to science,
in 1951 Pope Pius XlI claimed that modern sciem@amely astronomy, had brought
solid evidence of the intrinsic veracity of the &akt Scriptures, the famous Big Bang
was no more than an empiric evidence of the primbtéiat Lux” (Let there be light).

The alternative explanation for the same observeshpmenon, the shift of light
coming from cosmic objects towards red, ultimatelsults in accepting that the photon
has an ontological status similar to all other quanentities.

Thus, the photon experiments, in its path throughsidereal space, an
interaction with the medium in which it travelsterng in a process of energy loss, or
degradation, in other words, it is subject to aurstageing process. Just remark that
such an explanation does not constituteadrhochypothesis put forth to explain the
result of astronomic observations! It is merely @nsequence of the corpuscular
quantum nature of light, therefore entirely inteégdain the general picture of the
modern nonlinear quantum physics.

At this point, Hilarius, who kept twitching whiléstening to Argus, exclaimed
with his so characteristic rudeness:

- That all looks lovely, but the Big Bang theoryhiash has been overly proven,
has in its in favour more than just the argumeasilting from theredshift. Luckily,
and to end once and for all those speculativeideis of a hypothetical photon ageing,
there are further evidences that prove the realitihe Universe’s expansion. Among
such evidences | am referring to the space temyperathis value has been calculated
for the first time by Gamow. Based simply on thevdnse’s expansion he managed to
determine the space temperature about a decadeebéfenzias and Wilson
experimentally discovered it.

The expansion of the Universe is clearly demoretrat two ways:

a) The first one, from theedshift, which must be interpreted exclusively in
terms of the Doppler’s effect.

b) The second one, deriving from determinationstfitheoretic and then
experimental, of the space temperature as a sicopleequence of that very expansion.

Everything else that might be said lacks scientifidity. This verification is
more than proven by the enormous acceptance; llesket say the universal acceptance
of the Universe expansion. Indeed there are a fessidints who, however, are but
minorities defending obsolete thesis, like thosassthat up until today, already in the
21st century, persist in claiming that the Eartflas The expansion of the Universe is a
scientific irrefutable fact and everything elsel@irious!

To such a blunt speech, Argus replied in a rattagquil manner:

- It is true that the great majority of the sci@oticommunity accepts the
expansion of the Universe. It is also correct thast scientific books only refer to the
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explanation of the shift towards red, completelierssing all other interpretative
possibilities for the same phenomenon. Namely, #ohgi that accepting such
hypothesis necessarily implicates attributing thetpn a very special ontological
status, a perennial status translated in its ireddte state while travelling through
sidereal space for billions of years. In such ctods, it is not surprising that the
general public, not knowing the true implications smch a model or the possible
alternatives, gladly accepts the model of the Usiweexpansion as “scientifically
proven”.

But, | now ask, when is it that a scientific trugshproven by voting? We know
that the argument of a majority acceptance of amgmodel to confirm its validity has
been used by the Aristotelians against Galilemsweer to you in the same way as he
did, by saying that the truth cannot be found bynseof voting! It most certainly is not
the number of people who believe a given scientifeory that proves its validity. If it
were so, if the scientific truth could be estaldighoy the number of its supporters,
Galileo, Giordano Bruno and all of us, today, wobklin trouble, since the majority
then defended the heliocentric model. At the timlejost everyone believed that the
Earth, a small planet revolving around the Sunctvlis no more than a simple star of
our Galaxy, was the centre of the Universe. Thgmss in science came to show, as
we all know, that the magic-religious dogma of Beath as the centre of the Universe
was fake. Contrarily to other human activities, tradidity criterion for a scientific
statement does not derive from a majority of suggesy in general not very enlightened,
or from who speaks the loudest or the bluntestegends, ultimately, of its conformity
relation towards the phenomena. Luckily, in scietioe validity of an affirmation is not
a matter of opinion, but the result of a complexgess of validation, which is
ultimately decided by resorting to experimentation.

Regarding the fact of the intergalactic space teatpee being a consequence of
a hypothetical expansion of the Universe, | mugttba following:

This is, once more, and as we will have the oppattuo verify, a rough and
tendentious manipulation of information, more clktedstic of the political activities
than of the scientific praxis, withdrawn from thgsential mission of Science, which
consists solely in the search for the truth, agaitidides. It happens that the story of
space temperature determination began in the Btedntury, at the time resorting to
recent developments of thermodynamics and statisptiysics. From the empiric
observations, in 1879, Stefan discovered the auadint relation between the
temperature of a body and the energy it emits.e&Swme know that luminous energy is
proportional to frequency, we can conclude thato@ject's colour is related to its
temperature. This fact is not at all surprisingtgelf, for we all know, especially those
who have had the opportunity to observe a blacksmitwork, that when an iron is
heated at the forge, it initially has a dark retbag and as temperature rises red turns to
intense ruby; later it evolves to yellow and, uklitely, to white. Thus, when we look at
the stars we can estimate their temperature irxtareely simple way, from the colour
of the light they emit. If the star has a red coldhen its temperature is relatively low.
If it is yellow, as in the case of our Sun, themas a medium temperature. When the
star is bluish or even violet, its temperature ischmbigger; this happens for the simple
reason that Stefan’s law is not a simple linearresgon. In fact, it establishes that
frequency, or colour, of a luminous source is prtpoal to the fourth power of its
absolute temperature (we must multiply the absdieneperature four times by itself).
Based on this law and in statistical studies, Guithe established, in1896, that the
temperature of space had a value between 5 andd@uéd degrees. Here we must
notice the clear disagreement with the officialati@ist’s current speech that attributes
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Gamow the primacy of such a discovery. This is arfgct contradiction with the
historical truth! Our first estimate of space temgpere was made eight years before
Gamow was even born, which happened in 1904! | ralsst add that this was a good
estimate, since Penzias and Wilson, in 1964, exparially determined that same
temperature as 3.5 absolute degrees. Lastly, wé ownsider that there are certain
indications which lead us to believe that thisraate of space temperature was not even
the first one. Anyway, this story of space tempematdetermination based solely in
thermodynamics and physical statistics, and masepdetely ignoring the creationist
hypothesis of the Big Bang, does not end herelllrefier only some authors of which |
have solid information, starting with Eddington, avestimated this temperature at 3.18
absolute degrees in 1926; Regener, 2.8 absoluteeed\ernst, 0.75 degrees in 1938;
and Finlay-Freundlich, 1.9 degrees in 1952. Notl 853, as we have seen, did
Gamow, supported by the hypothesis of the Universgpansion, estimate a value to
the temperature of space at 7.0 absolute degrbeslafe value, as we can see, does not
even constitute a better result comparing to previof Guilhaume, obtained half a
century before. Quite the contrary!

As we can well see, the only conclusion that camasvn from these facts is
that space temperature is absolutely not a consequ& any creationist hypothesis of
the Big Bang. In fact, as we have seen, this sampérature may be estimated from
other far more reasonable hypotheses, which hatengoto do with creationism.

Another more general consideration | would likentake before closing this
subject is the verification that whenever one idteto make a claim of an absolute
nature within science, sooner or later, new expental facts come to show that, at the
very best, such assertions of a dogmatic nature@raore than simple approximations,
mere descriptions gifted with greater or lessedjgtere power, and nothing more.

The means we presently have, either in terms otegtoal tools, either in
experimental and observational terms, are necés$iarited, in space and in time: the
spatial information, given by the present obseoratidata of microscopes and
telescopes; and the temporal information, givethieyduration of human culture, which
does not reach, at the very best, a million ye#lnsis, how is it possible that from our
tiny island in space and time, we dare, | shallhesay we intend, to hold the scientific
knowledge of the Universe in all of its developmenspace and time? From such little
information, how is it possible to believe that Isymurpose, such absolute knowledge,
can really be achieved?

Before the open fire of Argus argumentation, Huaridid not know how to
answer, and once again, dispirited, left the Bamkstof Eternal Return. Some
uneasiness descended over our table, which wasmitok Lucius, when he inquired of
Argus:

- You had said you would tell us of a few ways @dting, unequivocally, the
validity of the causal nonlinear theory against titthodox anti-realistic theory. Have
you finished?

- Far from it - Argus replied with a smile. — Thasea wholly different domain
of extremely fascinating experiments which allowtastest the validity of these two
conflicting theories. Besides, this family of exipeents has the substantial virtue of
being "yes or no" experiments, at least from a ephaal point of view. This means that
the result of the experiment, if it is performedarcling to the mandatory experimental
requirements, is conclusive in one way or anothiegither leads to the rejection of a
theory or not. From these experiments | will memtibose which aim to find out if the
wave, solution for the quantum mechanics evolugqoation, is a real wave; or if, on
the contrary, it is a probability wave deprivedanfy physical meaning as claimed by
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the orthodox theory.

Before | proceed, | would like to call your attemtito the fact that | have said
“quantum mechanics”, without discriminating if itaw linear orthodox quantum
mechanics, or nonlinear causal quantum mecharockeep it simple. On the other
hand, from a formal point of view, there is no digement, since the modern causal
nonlinear theory holds, from a mathematical poihview, the orthodox theory as a
limiting particular case.

To discover the nature of the wave solution forakelution equation, means: to
know if it is a real wave, or a probability wavehish is fundamental in order to decide
on the validity of both conflicting theories.

The non real existence of the wave solution toeti@ution equation is rooted in
the very conceptual and intimate structure of atthoquantum mechanics. This wave,
this mathematical function, which according to tréhodox interpretation has all the
information we could ever have on quantum phenoméoes not allow us to describe
the evolution of a particle in the framework of spand time. This is why it is seen as a
mere probability wave, thus forcing us to speakatential states instead of speaking of
the real states of a particle before measurement.

On the contrary, in causal nonlinear theory wetstath the assumption that
there is, indeed, an objective reality. If thissg the mathematical function, the wave
describing that entity is gifted with a real exmste, and must be faced as a physical
wave and not a merely probability wave.

At this point, Amadeus calls our attention to oaetf

- A while back, | do not remember exactly wheresalw a reference to an
interpretation of quantum mechanics based on DBeidm. As it seemed, the authors
presenting such an interpretation were very endistisi On the other hand, we have
also spoken of this author in previous dialogues.lSvould like, if possible, for you to
say something about it, and as long as we are iatyihu could refer what the meaning
of the wave’s function was in such a theory.

- As | have previously mentioned — replied Argughere is a theory, developed
mainly by David Bohm, with a predictive ability ey similar to that of the orthodox
theory. Its supporters are rather satisfied withmbstly because it has the supreme
virtue of never conflicting with the predictions thfe orthodox theory. In this case, its
defenders are well protected! Predicting exacteygshme as the orthodox theory, there
is no danger of being refuted by the conventiompkeements. When it comes to not so
conventional experiments, like the ones | am alloumention, its predictions are
precisely the same as those of the orthodox thebms means that in "yes or no"
experiments David Bohm’s theory is in equal circtanses to this one. If the
experiment refutes the orthodox interpretation,witl also refute David Bohm’s
interpretation.

| believe that, in a way, | have answered your jm&v question regarding the
meaning Bohm’s theory attributes to the wave. lkstin the orthodox theory, in this
quantum mechanics interpretation the wave funct®mothing but a probabilistic
mathematics deprived of any physical reality.

Since the new causal local and nonlinear theory ame hide behind smoke
screens, we cannot settle for this indulgent a#@iti50, we must make an effort and try
to find experimental situations, liable to be exedy and which allow unequivocal
deciding as to whether quantum waves are real,f,oon the contrary, as the
indeterminist theory claims, are not but merely meatatical probabilistic entities
without physical meaning.

To better understand the problem let us considefatowing experiment:
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Fig. J8.4 — Nature of the wave function

In this drawing we have a source of quantum pagievhich, as usual, emits
one particle at a time. One must ensure therevierrmaore than one particle at a time in
the experimental device. This particle, in its aayrfinds a semi-mirror where it has a
50% probability of being reflected and a 50% prolitgbof being transmitted. Let us
imagine that we place a detector along the reflacipath. Such a detector may
eventually be activated. In that case, it will sextla signal which turns on the light the
observer is watching. In case the detector is ciated, the lamp will not light up.

Assuming that the observer watches the light turncan you tell me, Lucius,
what happens along the transmission path? That e assume, according to the
orthodox theory, that the particle has a mere fiatlear probabilistic existence before
the measurement?

- If I am not mistaken, the explanation for thigpexment in the orthodox
perspective is that when arriving at the semi-mithe initial particle originates two
potential particles, one being transmitted while tther is reflected. If the observer
watches the light turn on, that means the parties activated the detector. In such
conditions, the probability of the particle beimgthe transmission path becomes null. If
| have understood the experiment correctly, afterdbserver watches the light turn on,
there is no trace of the particle in the transroisgath.

- Exactly! You have perfectly understood the positof the orthodox theory.
As long as we are it, what do you think the caunsallinear theory has to say about this
same experiment, Amadeus?

- Well — replied Amadeus -, | think that, in thizse, the explanation will be a
bit more complex. We have to bear in mind that staets from the assumption that the
particle really exists and moreover, that it isnied by that theta wave and also by the
highly energetic acron.

Thus, the theta wave, being an extensive entitypaially reflected and
partially transmitted. The acron, the only entitfy tbe particle able to activate the
detector, being indivisible, is either reflectedi@nsmitted. If the detector is activated,
thus lighting up the bulb, it means the acron reenlreflected.

In these conditions, and to answer your questi@hould say that along the
transmission path goes a theta wave without argnadrwill also add that if a detector
is placed along that path, it will not be activatkte to the theta wave lowest energy
being insufficient to activate it. Do you thinkmswered your question correctly?

- There is no doubt you perfectly understood tiheasion and provided us
with the correct answer - answered Argus. - Lehow see what happens if we make
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this minor change to our experiment — and he maaeeschanges to the previous
drawing:
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Fig. J8.5. — Theta wave generator (TWG).

As you can see, along the transmission path | Iptaeed a special window
connected to the detector. This window is spea@albking closed at all times, except
when the detector is activated. Indeed, it will mpdter receiving an impulse from the
detector and will remain open only for the time essary to allow the theta wave’s
passage. Next, this whole device (source, sememidetector and window) is placed
inside a box with one opening, as shown by thecbkelhis entire device constitutes
our theta wave generator. | believe that after Aeiat explanation no one has doubts
about this device, if the theory is correct, itlvamit theta waves one by one. Thus,
what we have here is a theta waves generator.

The problem that now arises is to know how we Wwél able to detect the
existence of such waves.

If we place a common detector in front of the gatar it will not signal a
thing, since the minute energy of the theta wasgdssufficient to activate it. It is thus
necessary to imagine a process capable of revehlngxistence of such waves, that is
to say, creating a detector so sensitive thatnt react to an extremely low level of
energy.

At first sight, it may seem that this task is doahte failure! However, like
everything else, if we meditate a while on the saobwe shall see that this problem
apparently impossible to resolve has indeed aqueatily simple solution, at least from
a conceptual point of view.

In order to solve this enigma we must only act ldetectives in detective
stories and begin by studying the clues, the dataiweady have. So, what is it that we
already know?

From the causal study of the two slits’ experimest know that the theta
wave, or guiding wave, has the property of guidamgl consequently influencing the
course of the acron. Since the corpuscle, or acsdhe only observable entity, what we
have to do is to guide it, according to our congane, using the theta wave produced
by the generator.

In order to verify that this idea really works, let look at this scheme:
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Fig. J8.6 — a) Only one wave reaches the detelctohis case, there are no
interferences observed. b) Two waves reach theej®riginating interference.
TWG: Theta Wave Generator

Let us assume that the two sources, the commonandethe theta wave
generator, emit entities simultaneously and atrestamt rhythm. As you can see from
the first drawing A) the theta wave, originatedts generator, is blocked. In this case,
the acron coming from the common source arrivébeatietector accompanied only by
its initial guiding wave. Since it is a single waveere is no possibility of interferences
being verified. Thus, after some time, the disttidou of position of the “clicks” in the
detector, which corresponds to the arrival of tbeas, takes the form of a Gaussian.
When the obstacle is removed — and he indicatelsawing B) — the theta wave will
combine with the other wave originated by the comrsource. In such circumstances,
the acron will now be guided, not only by the mlitivave’s action, but by the joint
effect of these two waves. The overlapping of wawveginates, as we know, an
interferential distribution. In these conditionkete are now areas in space where the
final wave’s intensity coming from the overlappiofjthe two waves is null. Now, as
we know, the acron can only be localized in theiaieg) where the guiding wave’s
intensity is not null. Moreover, it statisticallgrtds to be localized in the regions where
this intensity of the total theta wave is maximurhus, it all happens as if the acron
was escaping the areas where the intensity is imutither words, after some time, the
distribution of the acrons’ arrivals at the detectiarea takes an interferential
configuration faithfully reflecting the shape ofethoint wave’s intensity, as we can
observe in the drawing.

At this point Lucius exclaims:

- What a magnificent idea! If | understood corrgcthis experiment’s possible
results are only two:

1) The appearance of interferences. In this casevitdhave confirmed the
causal nonlinear theory over the orthodox theory;

2) No observable interferences. This means nothtognes from the
“hypothetical” theta waves generator and we willdnaefuted the causal theory in
benefit of the orthodox theory.

We have here, just like you have said, a “yes Orexperiment. From the
results of this experiment we can refute eithertbieery or the other.

- Everything you have said, Lucius, is entirelyetru replied Argus. -
Nonetheless, we must bear in mind that we have blesmussing a highly idealized
experimental situation. In practise, in real expemts that are performed in
laboratories, things get a bit more complicatedtidd¢othat in this case we need for the
two sources to be perfectly synchronized, and tisctheta waves generator must be
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perfect. On the other hand, there is also a phlysigaosition, rather complicated to
execute in practise, which is called “coherencei.order for interferences to be
observed, both sources must be coherent with coka@n

- | have often heard of coherence and coherent, Ilght to be honest | have
never understood well what it is all about. | woalgpreciate it if you could give me a
few words on the subject — Lucius asked.

- 1 will be glad to! - said Argus. - Indeed, thencept of coherence constitutes
a rather complex issue. To provide you with a sergadiswer, from the formal point of
view, | will only tell you that both sources ardled coherent when the waves they emit
maintain their phase difference constant in tinre.otder to easily understand this
concept we may imagine a choir formed by many efémd.et us suppose that before
the maestro arrives, they are all talking at theesime, randomly and to each other.

What do you think, Lucius, will an observer locatdthe theatre’s balcony
listen?

- He will not understand a thing! Since they ataadking at the same time, all
that he understands is background noise, whichbeiks big as the number of elements
in the choir — Lucius replied.

- Precisely! - continued Argus. — Since everyontlising whenever they like,
with no time correlation between them, one canmateustand a thing. However, when
the maestro begins his piece, all members will esaiinds in a perfectly coordinate
way, | shall even say coherent, in a way that atespoints the whole room vibrates in
unison in a perfect sound coordination betweersthgces of emission of sound, which
in this case are the choir elements. The greagecdbrdination between the sources, the
more coherent is the whole set. Thus, we can satyttvo sources are coherent when
they maintain a correlation or coordination. Nallyran practise there are no absolutely
coherent sources. But it is also true that theeeraal sources, | am speaking of light
sources, whose degree of coherence is extremdty hagn referring to certain lasers.

As long as we are at it, to close the issue of w@iee, | would also like to say
that the coherence we are speaking of is the ssnhptee; indeed, there are more general
definitions of coherence which naturally includestbne as a particular case.

Returning to the experiment for the theta wave®d®n, in order for this
experiment to be significant, the sources mustdieeient. Since, in practise, it is very
hard to obtain independent and coherent sourceswieneed to resort to some
experimental tricks in order to perform such expemts. Given the problem’s
difficulty, the first proposals that can actuallg performed only appeared in the late
80s, in the 2B century. Presently, there is a whole set of expents, which can
actually be put into practise, which can test tred existence of theta waves.

Until presently, quite a few of these experiments/eh been performed,;
however, the most significant one was executednia of the finest quantum optics
laboratories in the United States of America, atRwochester University.

- What was the result of such an experimentiguired Lucius.

- Well, opinions diverge on that subject. So tyat can have a more concrete and
more informed opinion on the subject | will shove tbxperimental results obtained in
this experiment — pulling out a sheet of paper,usrghowed us four graphics:
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Fig. J8.7 — Results of the experiment performeRachester
for the detection of theta waves.

These drawings correspond to two groups of measmEmwhich are repeated,
being the right hand side vertical set preciseéysame as the one on the left, as you can
see. The dots represent the measurements resdltheurvertical lines represent error
bars. Error bars indicate the precision with whilsh experimental dot was obtained;
that is to say, the real value oscillates betweemgmum and minimum given by the
bars’ dimensions.

If theta waves exist, as the causal nonlinear theoaintains, then we should
observe interferences. In such a case, the distribof dots must follow an undulating
wave, cosine pattern. As you can see — and heatadi the first two vertical graphics —
this undulating line is drawn in a way that it cans either dots or their error bars.

Since theta waves do not exist for the orthodowmhenterferences should not be
observed. The distribution of the observed dotstrhes straight line. As we can see, a
straight line has been drawn in order to contaa rtreximum number of dots in the
second column.

My question to you, Lucius, is as follows: what gou think of such results? In
your opinion, do they indicate that there are, edjéheta waves, or not?

- If I understood the experiment correctly, the sjimn is to know if the
experimental dots observed are placed accordiray tondulating line or not. If this is
so, the experiment will show that something, thetalwaves, has caused such an effect.
If, on the contrary, they are not placed accordm@n undulating line, but rather in a
straight line, there is no such thing as theta wave

Now, if we look carefully at the dots it seems te that they are in fact distributed
with a certain amount of undulation. Thus, in mynign, this experiment has shown
that theta waves really do exist. | imagine thisswlae conclusion the authors of the
experiment have drawn, isn’t that right, Argus?

- Unfortunately, the authors of the experiment, ooty unnecessarily complicated
the experimental device, but also drew precisety dpposite conclusion - answered
Argus. - Anyway, considering the experimental da&de public by the authors of the
experiment, and in spite of the indications of gase undulating distribution, | believe
the most cautious conclusion to be drawn is thatekperiment must be repeated in
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better experimental conditions in order to propetérify the subject.

- Thus, if that is the case, why is it that thehau$ of the experiment did not try to
repeat it in better experimental conditions? - ireghAmadeus.

- Well, the most likely answer is that they werelmbly afraid of going against the
orthodox paradigm. Unfortunately, not everythingsmience occurs with the openness,
clarity and exemption one might expect. The majoat investigators are afraid to
contradict the current paradigm, since it wouldasrger their careers. For that reason,
they prefer not to make waves!

- Recently — interrupted Lucius — | have read ditlarin a rather famous scientific
magazine where they spoke of quantum mechanic#santhgic, of instant interactions
and even actions for the past. While reading theley from the way it had been
written, | was under the impression that it waswofoccult, magical or esoteric nature.
But what amazed me the most was that everythingmethematically based, or at least
it seemed that way. Everything was presented damples and direct consequence of
guantum mechanics. The least | can say is thassipeaplexed. | do believe, however,
that it must be possible to show that this is atfgation. What do you have to say
about this, Argus?

- You are right. Those people, who are unforturyatebre numerous that would be
desirable, appear to take pleasure in presentiegerglly with great fanfare, certain
known facts as if they were entirely new, moreovera perspective that makes them
extremely complex and nebulous. They are preseagethind boggling” experiments,
that is to say, incredible, impossible to be radlbnunderstood. A sign of the times!
We are presently witnessing a true mystificatiorscence. Most of these essays, so-
called scientific essays, at the very best, arelaino bad quality science fiction. At
least in good science fiction works, the authorigposes are, generally, clearly
specified and developed. These authors do notdriemake science, a domain where
the logic rigor and the clarity of ideas are ofrerte importance. Looking at some
works published today, it seems that the more cmduand hermetic a “scientific”
work proves to be, the better. The imperative neeclearly specify every base
hypothesis, and to follow a line of reasoning whilogically correct in the search for
truth, is not at all relevant for those people.ngs which are relatively simple are
presented in such a confused and strange way higatnon specialized reader is
completely lost in the midst of such rhetoric, tytaleprived of content. What shocks
me the most in this wretched trend is that the nitgjof these authors are not in the
least worried with the rigor and clarity of the enkjing ideas. Precisely the contrary, it
seems such investigators' purpose is to cause sionfand mystification. This trend is
so strong that the old and humorous popular sagongsemble is to bhas become
general practice.

What happens is that, when such facts, apparengbtamnous, are viewed in the
light of the Occam’s razor, when all the garbagd aonfusion are removed, they
become clear and perfectly understandable to etienest and unprejudiced and,
especially, reasonable person out there.

There are several lines these people follow, nantbly ones related with
experiments involving polarization. The confusidreyt intend to promote may be
cleared even in this type of experiments. But sithig theme is far from the general
public, I will only mention one experiment perfordyeeither with photons or neutrons,
where the polarization idea does not intervendhis experiment, in reports published
in scientific magazines, certain not so honestaebers see the proof of retroaction in
the past. That is to say, an act made now, in tasent, which will have an effect, an
action, over something that has already happenethenpast. According to these
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authors, such experiments would prove that it issfide to change the past, which
would, in turn, change our present.

To better understand these experiments | will atersifirstly, an interferometric
experiment performed with a device called, to honiis creators, Mach-Zehnder
interferometer — and he drew:

.
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Fig. J8.8 — Mach-Zehnder interferometer

In this device we have a source emitting quantumtighes, for example a
photon source, two semi-mirrors, two mirrors andegector. A particle issued by the
source enters the interferometer on the left haawlaf the sketch.

At this point | would like to remind you that arténferometer is a very special
device destined, mainly, to allow the observatibmterferences. In fact, this apparatus
remarkably manages to produce two coherent wawoes &n initial single wave.

As we can see, an initial wave will impinge on thest semi-mirror,
originating two waves, one that is reflected andther that is transmitted. Each of
these waves follows a different path until they ex@mtly overlap again on the second
semi-mirror. In this last semi-mirror, each of thaves originates, in turn, two waves.

The quantity of light exiting each path of the niéeometers exit is controlled
by a device called a phase shifter. In this drawihg phase shifter is represented by a
wedge. In fact, what this phase shifter does isatase small alterations in the inferior
optical path, making it longer or shorter that thhee above. If this phase shifter is
calibrated in order to make both optical paths isedg equal, as in the case of the
drawing, what happens is that the waves headitigeimletector’s direction are in phase,
while the ones heading in a perpendicular directi@in phase opposition.

In such circumstances, the overlapping of the tvavaes in phase originates a
reinforced wave, equal to the sum of the two.

The overlapping of the waves in phase oppositigiting vertically, originates
a null intensity wave.

In these conditions, all of the light exits in arizontal direction, while
nothing exits vertically. Since the intensity ofisthwave is null, the probability of
finding the particle in that path is also null.

When the optical path is slightly unequal, things different. The phase
shifter can also be set to make waves be vertigallphase and oppositely in the
horizontal, thus with all light exiting verticallyn these conditions, no light will reach
the detector.

For intermediate values of the optical paths’ ddfeee we will have light on
both exits. It all happens as if the phase shifterked, in practise, like a kind of
shutter, a bidirectional valve, shifting more adéight towards one exit or the other.

In short, when the optical path is set in orderatow the two waves to
overlap, the amount of light registered by the deteis regulated by the phase shifter.

This registered quantity of light ranges from maxim when the waves are in
phase, to minimum when they are in phase opposition
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Let us now suppose that we change the interferanset¢éhat the optical path

above is quite larger than the inferior one. Irstheonditions, the waves cannot overlap
- and he began to draw:
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Fig. J8.9 - Mach-Zehnder asymmetric interferometer.

In this case, as you can see, the waves do noh ri&c overlapping area
constituted by the semi-mirror at the same timethiese conditions, like we can see
from the drawing, there are no waves overlappit@llIhappens as if the waves have
independently arrived at the last semi-mirror.

Consequently, each of them is partially reflected gartially transmitted.
Thus, in each interferometer exit two independestes follow.

In such conditions, the conclusion to be drawrhat the action of the phase
shifter device, which, as we have seen, consistsausing minor changes in the
difference of the optical paths, has no effect bl intensity measured at the
interferometer exits.

Another way of describing this very situation issey that when the difference
of the optical path is greater than the size ofwhges no interferences are observed.

Let us now see what happens when we place a mamakor in front of the
light emitting source in order to increase the ¢ehee length of radiation. The
coherence length of a wave corresponds to the grtein space where the wave acts.
In this case, it all happens as if the initial wieEame longer, as we can see here:

Fig. J8. 10 - Asymmetric interferometer.

Since the coherence length increases due to tienaitthe monochromator,
the waves arriving at the second semi-mirror wdlymnbe able to partially overlap. |
must point out that, in spite of the coherent weargth increase, its intensity will
decrease. Generally, this intensity reduction idigsas the coherence length of the
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wave exiting the monochromator.

At this point, Argus paused and turned to Luciskjrag:

- Do you think that in this case we can vary theoam of light reaching the
detector through the observer’s action on the pehsedevice?

After some meditation, Lucius answered:

- | believe so. In this case the waves will oveldgain. If there is overlapping,
even if partial, we can have situations in whicé gart of the overlapping waves are in
phase or in phase opposition, or any other sitnatiebetween. We will be able to
regulate, within certain values, the amount oftligkiting the interferometer and “seen”
by the detector.

— Great, you have given us the correct answer!rticoed Argus. - In this
concrete situation it is possible to observe imtenfices, which will be more visible as
the overlapping of waves is greater.

Let us now see what happens if instead of pladiegrtonochromator right at
the source exit, we place it immediately beforedbgector:

|
* o % @ ) Monocromator

Fig. J8. 11 - Retroaction in the past experiment?

The question that now arises is to know if the amai light registered in the
detector depends on our actions on the phase dghifte. In fact, what matters is to
know if there are, in this case, in spite of theeeng no overlapping, interferences in the
area of the two waves’ juxtaposition.

What do you think happens now, Lucius? Will integfeces be observed, or
not?

- Now - answered Lucius, somewhat perplexed —haloreally know what to
say. At first sight, | would say there should beafiserved interferences, since there is
no physical overlapping between the waves. Howesgrge | know that in these
guantum mechanics issues things are generally ooonglicated than they seem at first
sight, | do not really know what to say.

- As you may have suspected by now - proceededsimgsuming his speech
— after all that has been said, in this experimang in such conditions with no
overlapping of waves, interferences are indeed rgbde That is why we call this
experiment non-local interferometric experiment.

Our problem now is to explain the observed resultan understandable and
natural way, with no need to invoke mysterious ttcactions, to invoke magic or even
some other more transcendent behaviours.

In order to do so, we will observe this experimariit more attentively. The
process generally used by some authors, who claimate based their reasoning in the
orthodox theory, overlooks extremely relevant aspecThis is a perfectly
understandable attitude, since the purpose of saughors is to not present an
understandable description of natural facts. Onctivdrary, they take great pleasure in
presenting, whenever they get the chance, an iofthe facts that is as confusing and
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unexplainable as possible.

Let us now find out more about these relevant facteither from an
experimental or a theoretic point of view:

1) The monochromator’s action, as we have seeregmonds to a sort of filtering,
this means that from the initial impulse the momoamator will select only a certain
group of frequencies; that is to say, it will orljow the passage of a relatively narrow
band of frequencies. Just like when we place anggdass in front of the sunlight,
which is white; in this case, it only allows thespage of a narrower band of
frequencies, corresponding precisely to the gresauc. In the limit situation of an
ideal monochromator, it would select only one srfgéquency.

In this limiting and definitely ideal case, in whionly one single frequency
exits the filter, two interpretation possibilitiage open:

a) Fourier ontology (orthodox quantum mechanics):

In this case, the monochromator selects one stmleonic plane wave from
the original finite impulse formed by numerous hame waves, each with its well
defined frequency. In this ontology, this waveds,we know, the only one that has a
perfectly defined frequency. Since this wave hapatial infinite length, no matter how
great the difference in the optical path may be, ttho probability waves will always
overlap at the interferometer.

b) Causal local and nonlinear paradigm (wavelets):

The monochromator’s action corresponds to the sefteof a finite wavelet
with a well defined frequency and with a finite ¢gi. In this case, while the difference
in the optical path is smaller than the waveletisgth, we will have interferences.
However, when the difference in the optical pattarger, and consequently there is no
overlapping of wavelets, we no longer observe fatences.

2) The impulse entering the monochromator has ehnimigger intensity than the
one exiting. This intensity decrease is a functioh the bandwidth of the
monochromator. The narrower the bandwidth is, tialer the intensity of the exit
impulse.

3) From the two previous points, we can conclud® tn our experiment, since
there are observed interferences, there is alwayava juxtaposition even if more or
less partial, at the overlapping area. This happ&hsther the filter is placed before, or
even after the interferometer. This overlappinguogcas we have seen before, even in
the Copenhagen paradigm, contrarily to what somkoasi imply. This more or less
partial overlapping of waves, always present, isegally masked by many authors, who
use the orthodox paradigm incorrectly, by abusirgh®ematical formalism.

Within Fourier’'s non-local and non-temporal ontolpge must also point out
that these affirmations of non-local interferencaesd of retroactions in the past
correspond indeed to a tautology. Obviously becaundeis ontology, as we well know,
space and time do not play a relevant part. Indage, no true separation in space and
in time is actually possible. One single entitywashave seen before, includes all space
and all time. In this sense, separability is mergiymerical, a mere illusion of the
senses.

The causal paradigm, more general, states thantbederence is always the
result of the physical overlapping of two or moreité real waves. These physical
waves, finite and real, selected from the initietl By the monochromator, will overlap
whenever the difference between the two opticahgas smaller than the wavelets’
length.

4) Another significant point to consider is thectfahat there is interference
whenever two or more finite and real waves occapy given moment, the same area
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in space.

Whether or not such interference is observed vghatid of the tools available
to us is an entirely different matter.

Many times, it happens that this interference iskad by noise made by other
waves. In spite of there being interferences weshmavchance of observing them.

In order to understand this situation better, ketthink, for example, of two
people chatting tranquilly in a large room. In th&se, what they say can be perfectly
perceived.

Let us now suppose that other people arrive, timitilroom is now full. When
they all speak simultaneously it is no longer paesto understand what the first two
people in the room are saying. The background nisiseich that it completely masks
what they are saying. But they still can understaach other.

Once exposed to the relevant factors involved iry amerferometric
experiment, the causal explanation becomes evitdehtis now see what happens:

Our source emits particles randomly with a perfeckéfined energy. Each
particle, as we know, is formed by its guiding waaed by the acron. This basic
fundamental wavelet’'s length must always be supéadhe difference in the optical
path, if not no interferences would be observedweéier, the impulse exiting the
source is the result of a combination of many wetgel In technical language this
overlapping of waves is called a package, or evéraia of waves. This package of
finite waves corresponds to a sort of average tiegufrom the whole set of particles,
and therefore of waves, emitted during the impulBee length of this wavelets’
package is, as we have previously seen, smaller ttia length of the basic mother
wavelet. When the difference in the optical patBuperior to this length, as in the case
of this experiment, there are no observed inteniggs. However, if we place a filter, a
monochromator, before or after the interferometes,length of the wave package will
increase. As soon as this package’s length is @rélaan the difference in the optical
path we will again observe interferences.

- To be honest, Argus, | did not understand yoyslamation very well —
Lucius interrupted.

- Let us see if | can make things clearer with aal@gy - continued Argus. —
In a more simple language, we can assume thdthappens in that very crowded room
we have mentioned before, with everybody talkingetwh other at the same time.
Groups of two for example. It is clear that in egcbup if two people are close enough
to each other, they can perfectly understand om¢han and their conversation has a
meaning. However, since all these two people groamgs simultaneously chatting
independently from one another, all that a distabserver can understand is
incomprehensible noise. In this case, in the nofisiuch racket, it is not at all possible
to understand the conversation that is made in gactp. However, if we begin to
evacuate the room, in order to reduce the numbawofpeople groups, at a certain
point, we will be able to glimpse the meaning omgoconversations. The less people
remain in the room, the better we understand thwearsations. At the limit, when the
number of people is reduced to one single group, cae clearly and perfectly
understand what is being said.

Argus paused. He looked at Lucius and inquired:

- Was | clear enough?

- | believe things are clearer now - answered Lsicid Let us see if |
understood it correctly. In this experiment there always interferences, that is to say,
the phase shift device can modify the way in whioh waves coming from the two
paths overlap. However, since the conversation eaain is having cannot be
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understood, due to the presence of hundreds ofr atbeversations, here the
interference of the two waves, each coming fromoitsn path, cannot be observed
either, since it is masked by the general noisethadfilter eliminates other waves, the
background noise decreases. At the limit, when axeelonly two waves produced on
the first semi-mirror and resulting from one inlitiave, each following its own path,
their interference is observable once more.

The interesting part of this story is that the obagon of interferences is
totally independent from the existence of a filbefore or after the interferometer. We
now see clearly that there is no action from tresent over the past.

- Exactly! - Argus exclaimed. — As | have saidiadly, this experiment can be
perfectly understood by anyone with good senseasndpen mind. In order for this to
happen, it is sufficient not to have one’s spiasdilized by obsolete prejudices and,
above all to follow a sane causal line reasoning.

| would also like to point out that this is an inm@mt experiment because,
besides its conceptual significance, it constitiabs® an empirical tests for Fourier
ontology. Playing with the monochromator’s bandWwidhd the difference in the optical
path we can see if the interferences are no loaogserved when the difference in the
optical path is superior to the maximum coheremegyth. This maximum coherence
length is, in the causal and nonlinear interpretatias we know, the length of the
mother wavelet. In Fourier ontology, that is to ,s#fye orthodox interpretation of
quantum formalism, interferences are always obskrsiace the coherence length, the
size of the harmonic wave is, ideally, infinite. wi®ver, even in real and concrete
situations there is a difference between the ptiedis of the causal nonlinear theory
and the predictions of the orthodox quantum thebbglieve it would be of importance
to perform this experiment with maximum rigor, sndt could highlight the
applicability limits of the orthodox quantum theory

- This experiment must be faced with seriousnesisadmectivity and without
trying to create completely unnecessary confudiospite of everything, it is presented
by some authors as a manifestation of the irrakidnéact, everything is handled as if
it were a magic show. The numbers the illusionestgrms are presented in such a way,
surrounded by so much mystery, that it might searave witnessing true miracles. If
we go backstage, with a free and inquisitive spimé can understand the trick being
used and all that has seemed magical, mysteriodsuaaxplainable before, is now
perfectly understandable and natural. The explanatve have provided for this
experiment corresponds to observing it from thekbage. As we have seen, there is no
mystery to it.

After Argus’ intervention, silence was broken bycius:

- From what you have said and from what | haventgaither from reading or
from the dialogues, | reach the conclusion thatethe a whole set of forces, more or
less occult, seeking by all means to obstruct tbgness of human knowledge. And you
know what else? In the middle of all this, whabasthes me the most is to verify that,
in spite of all the difficulties made clear throwgh our dialogues, there are still people
trying to understand the world surrounding thenthenr own.

Argus regains the word:

- On modern causal and nonlinear quantum physere tivould be much more
to be said. Many more experiments could be disclisHso presented as pretentiously
unexplainable by less sincere researchers. Howesel,have had the opportunity to
refer, these are experiments involving relativadynplex concepts, like polarization, or
spin, and others. An adequate treatment of sucleasbwould demand using a
relatively complex mathematical formalism, or atiively, giving explanations which
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would take us forever. The examples given so farsaifficient to give you an idea of
the present state of the discussion regarding dbadations of quantum physics. We
can thus verify that it is necessary to return ta@e solid basis, which could support
men’s natural aspiration of understanding the wodfl making science; of making

physics. The history of physics after the SecondrltViVar emphasizes the feeble
progresses made, in spite of the large human aaddial investment.

| believe that, for now, it is better to end ousdission and meditate on what
has been said. As you know, knowledge is not obthiny discussing an infinity of
subjects, or simply by reading a huge amount ofkbod@his is almost always the
dilettante’s attitude, since he has a rather vad@a on almost every subject, but, in the
end, there is very little that he really knows abdthenever he speaks, he never
expresses his own ideas, since he possibly doetiawat them. His speech consists
solely on a more or less chained plead of quotas dote several authors which
generally are viewed as great authorities on thigesti In the end of their speeches, if
we are discourteous and bold enough to ask thenth&r personal opinion on the
matter, they will simply refuse to provide one iregy way. What we indeed have to do,
in order to progress in knowledge, is to studyféwve really important works, and above
all, to profoundly meditate on the questions whhelve arisen. It is not the quantity that
matters, but the quality. Otherwise, we are takiimg risk of drowning in a sea of
information that we cannot even manage, let alordgtstand.

The fundamental problem of physics is, as we haenssince 1927, the
wave-corpuscle duality. Until we can free ourselfresn the Bohrean interpretation of
such dualism, we will not be capable of innovatiplgysics; innovate in the true
meaning of the word. That paradigm is long worn. o American physicist,
Oldershaw, wrote an article in 1988 in which heanokd that the physics of the time,
that is to say, the main current of physics, wadicdded to construct first and second
level unverifiable “theories”. The first level thees are those which, in order to be
tested, require nowadays unreachable energy leVktxefore, they cannot be tested.
The second level theories are those which depers omany parameters that, whatever
the experiment result may be, we can always adjusée parameters to make the
“theory” comply with the result of the experimelttis easy, in that way... Just like it is
easy to win the lottery after the numbers have la@gmouncedA posterioriit is always
possible to find a justification for the numberatthave already been raffled. The hard
part is to win the lottery before the raffle...

The experiments we have discussed are perfectljorpgable with the
technical capacities of today. In these conditichg, only decent thing to do is to
perform such experiments with care and verify tihesults. We know that nowadays it
is as hard to fight preconceived ideas as it has lbefore our time. Maybe that is the
reason for the real fear that exists when it cotae®nfronting “scientific wisdom”, the
currently accepted scientific dogma. Let us nogédbrwhat happened to Emil Wolf.

Emil Wolf is a consecrated physicist that wrotdew decades ago, a famed
treatise on optics, together with Max Bofrinciples of optics and more recently,
another treatise calle@ptical coherence and quantum optics) quantum optics,
together with Leonard Mandel. Besides that, he damemarkable work published in
several scientific magazines. Now, at a confereiaeil Wolf decided to claim, in
consequence of his theoretical investigations ootgfic statistics, that in given
conditions the light emitted by a star could suHfeteviation towards red while crossing
the nearby space. He was given no opportunity éalsphe was booed and whooped.
“Excellent” arguments to criticize his proposalThings are looking strange in the
world of physics...
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- It seems to me, Argus, that you are speakinga@tients | believed to be
possible only some centuries ago! | am glad we atocondemn people to burn these
days... — Lucius exclaimed.

- Quite true... - continued Argus. — The intolemhfave mentioned is not
that different from the one that condemned, forngpde, Giordano Bruno to burn in
1600. Even those who intend to submit to the vabadacriteria of a scientific theory
are attacked. They are attacked by those who deditheir whole lives developing a
certain conception of the world that is evidentlgrov out. They feel betrayed because
they put themselves on the line for a given thethrgy bet more than anyone should
bet. To prove the insufficiencies of such theorpas a synonym of attacking the ones
who have dedicated their lives to it. We must nesadtle for a given conception of the
world; it will always be provisional and | will e last one to be settled. Science is no
more than the humble but persistent search fodéa® meaning of the book of Nature.
This is a meaning which we are all far from hauvtegiphered, since we only have had
access to the first pages. But, even if we onlyehascessed the first pages, science is
already a hymn to the human reason. And it willtoare to be so.

We all remained silent for a while. We were finatignscious of how late it
was and how it was inevitable we close the Dialogue

- Perhaps later it will be possible for us to coné. There is much more to
be said - Argus announced.

191



Dialogues on Quantum Physics

DIALOGUES ON QUANTUM PHYSICS
from Paradoxes to nonlinearity

The old paradigm of linear quantum mechanics isnwaut. It is therefore urgent to
replace it with a new approach, one which acceptgadity independent from the
observer and which solves the paradoxes and enitgraapopular theories continue to
stimulate.

This book, in a language accessible not only tmlsch but to everyone, exposes the
insufficiencies of the orthodox and dominant linegmantum physics, and also
demonstrates that time has come to bet on a newtwmuaphysics, a causal and
nonlinear physics, which for the time being is hetdex.

We are invited here to view the most outstandingne&vin the history of astronomy and
physics; we are also confronted with the epistegiodd debates that prove decisive to
the future course of this area of knowledge; moeeowe are led to re-evaluate many
conceptions which are, after all, fallacious, angmosedly integrate «true science»; and
finally we are led, in rigor and clarity, througlmet meanders of an innovative
interpretation of quantum physics, based upon tmptexity and nonlinearity, which
will be the foundation to the most promising resbgsrogrammes.

ESFERA DO CAQOS
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