Kamnoieg emonuavoelg o’ évav oAu evdiadépovra « KUkAo»

‘Eva amod Ta ONUAVTIKA EKSOTIKA YEYOVOTA TNG PONYyoUEVNG XPOoVLAg NTav xwpic audiBoAia to BLBAio tou
Ztépavou Tpaxavd «O KYKAOZ Emiotrpn kat AnpoKpotio 0€ aviouxoug Kalpoug». Av Kpivoupe amno
dnuootevoelg otov Tuno Ba mpemnel va Stafaotnke euputata. O Itédpavog Tpaxavag ival Evag yvrola
XOPLOUATIKOG SACKAAOC e KUPLO XOPAKTNPLOTIKO TOU pla yYAwaooa akplpn Katl tautoxpova yAaduph. Eva
Selypa TnG S16AKTIKNC TOU SEVOTNTOC ElvVaL N TAPOUOLWOT) Tou HAeKTpopayvnTIoHOoU PE TRV «yEdupa Tou
motapou KBawy , omou o Einstein oAokANpWVEL TO OLKOSOUNUA TOU KAOGGLKOU NAEKTPOHAYVNTLOUOU
ETMEKTEIVOVTAG KL OE AUTOV TNV OXETIKOTNTA TOU MaALAAloU , KO LETA TOV «KOMUATLALEL 0€ dWTOVLA.
Yrdpyouv opwc oto BLBALo kamoleg avadopES ToU SnULoUpyouV epwtnUatika. 1) Mpddet o It. Tpaxavag
(oel 37): «Kouw éywve €tot EekaBapo OTL HOVO N LNXOVIKA HNTPWV TOU XGU{EVUIEPYK (...) ATV o OAOKAnpwHEVN
Oswpia (n onoia nepleixe ko TV e§icwon ZPEVIIVYKEP WG GUVETELA TNG) , O aVTiOEDN LE TRV KULOTONXOVLKE TTOU
Sev gixe auta Ta YapakTnPLoTka. Hrav pa Aswdn Bewpia. Asv eivol EMOUEVWG OWOTO TO EVUPEWG AEYOHUEVO OTL N
HNTPOMUNXOVLKE KO ) KUMOTONXOVIKN £ivai Suo .oodUvapeg popdég tng KBavtounxavikig. Asv sivat.»  2)
EmavelAnpuéva avagepetat o Ernst Mach kot wg peyalocg puokog (rmy oeA 130, 324)  Ag SoUpe ta InTApata
auTta.

1) Htav mpaypatt n KUROTOUNXOVLKE TOU ZPEVILVYKEP UTTOSEECTEPN OTTO TNV HNXOAVLKI) TILVAKWV

ToU XQUEVHITEPYK; € ox£on He TV Wwoduvapia fi pn Twv Suo BewpLv o Max Jammer ypddet': «By the
end of February of that year, after having completed his second communication, Schrodinger' discovered, to his
surprise and delight, that his own formalism and Heisenberg's matrix calculus are mathematically equivalent in spite
of the obvious disparities in their basic assumptions, mathematical apparatus, and general tenor. Schrodinger's
contention of the equivalence between the matrix and wave mechanical formalisms gained further clarification when
John von Neumann, a few years later, showed that quantum mechanics can be formalized as a calculus of Hermitian
operators in Hilbert space and that the theories of Heisenberg and Schrodinger are merely particular representations
of this calculus. Heisenberg made use of the sequence space I, the set of all infinite sequences of complex numbers
whose squared absolute values yield a finite sum, whereas Schrodinger made use of the space L of all complex-
valued square-integrable (Lebesgue) functions ; but since both spaces , I> and L? are infinite dimensional realizations
of the same abstract Hilbert space, and hence isomorphic (and isometric) to each other, there exists a one-to-one
correspondence, or mapping, between the "wave functions" of L and the sequences of complex numbers of %,
between Hermitian differential operators and Hermitian matrices. Thus solving the eigenvalue problem of an
operator in L? is equivalent to diagonalizing the corresponding matrix» BeBaiw¢ avadepduevog o Jammer otov
John von Neumann avadépetat oto peyahvtepo BiBAio padnpatikic duotkig tou 20 awwva: von Neumann
Mathematical Foundations of Quantum Mechanics

Kat pta o ovyxpovn avadopad: O Steven Weinberg oto eykupotepo iowg auyxpovo BiBAio KBavTikng
HNXaVIKAC ypadeL’: «But it must not be thought that wave mechanics and matrix mechanics are different physical
theories. In 1926, Schrédinger showed how the principles of matrix mechanics can be derived from those of wave
mechanics»

Y€ oX£€0n HUE To {NTNHO aUTO UTtAPXOUV Kal AAAEC TTPOBANUATIKEG avadopég Tou 2T. Tpaxavad my a) (oel.37)

«... N TBavokpatikn eppnveia g Bswpiag (...) ATav mpodavwe EAATHC 6TO TTAALCLO TNG KULOTOUNXAVLKAG
S10TL pe Ta KUpata mbavotnTag ovo Tig mbaveg B€oelg Tou cwpatidiou pmopoupe va poPAéPoupe aAdd
OxL Kal ta mBava anoteAéopata AAAwY GUCIKWY HeYEBWV OTWG TIX N opun , N evépyela ...» B) (oeA.340) «...n

! Max Jammer - The Philosophy Of Quantum Mechanics 1974, Wiley (ogA.22)
> Steven Weinberg - Lectures on Quantum Mechanics 2015, Cambridge University Press (oeA 21)



apxn NG aBeBatotntag eivat (...) n mo BepeAtwdng apxr tou cupmavtog (...) tnv Babutepn €nynon g
UOPEL VAL TNV MPOOPEPEL LOVO N UNXOAVLKI TWV UNTPWV KoL ELELKOTEPA N LOLOTNTA-KAELSL TWV UNTPWV VA LNV
givat mavta AB = BA». To a) eivarl éva oA riepiepyo AdBog ( O Zpévtivykep oto 1° amnd ta 4 dpBpa to 1926
UTTOAOYLOE TIC EVEPYELOKEC OTABHES TOU ATOHOU Tou USpoYdVou. Emiong To Tetpdywvo Tou pétpou |¢|? tou
HETOoXNUATIOMOU Fourier ¢(p) tng kupatoouvdaptnong Y(x) eivat n mukvoTnTa TOAVOTNTOG VLA TLG TLUEG TNG
OpHAC ). Mwa rBavr peptkn €fynon 6w eival dtt o It. Tpaxavdc TauTilel TV KUMATOUNXOVLKA He Thv 1"
HLOVO gpyaoia Tou ZpévTivykep. Ma to B), unopet kaveig va deL og Stadopa BLBAL KBAVIOUNXOAVLKAG , TIX
Messiah Quantum Mechanics Vol.l ogl. 133, avotnpég amodeifelg TG aviooTNTAG Tou XAL(EVUTIEPYK OTO
TAQLOLO TNG KUMOTOUNXAVIKAG LE BAaon TNV podavr) pn HETADETIKOTNTA TOU TEAEDTH B€0NG KOl TOU
Sladoplkol TeAeDTH TNG OPUNAG.

2) 'Htav o Ernst Mach évag peydAog puoikog; AvaudiBola o Mach rAtav évag onpavtikog Kot oAy
eMSPAOTIKOC PLAO00DOG TNG EMLOTAUNG TNV LN TOU TNV XpwOoTAEL KUpiwg oto BiBAilo tou The science of
mechanics Omou peTafl AAAWV EKOVE KPLTIKI) OTOV OIOAUTO XOPAKTHPA TOU XWPEOU KOL TOU XPOVOU TNG
VEUTWVELOG pNXavIKNG. To BLBALo auto ennpéaoce tov Einstein otnv mopeia tou nmpog tnv oxetikotnta. O
Mach Atav kaBnyntng MepapaTikn¢ GUOLKNAE OTO TTAVETLOTAULO TNE Mpayag Kal apyotepa Kabnyntng
d\ocodiog oTo mavenLoThLo TNG Blévvng. H povn lowg afloonueiwtn oupPoAr tou otnv ¢puaoikr kabeautiv
Atav n pwrtoypadlon kat meplypadr Twv KPOUOTIKWV KUpATwV (shock waves) mou dnuioupyouvtat amnod tnv
UTTEPNXNTLKN Kivnon BANUATwY otov aépa (amd TNV HEAETN aUTH MPOEPXETAL N povada taxutntac 1Mach =
ToxuTNTA YoV otov agpa). Ac Sol e OpwWG Mwe avadEpetal otov Mach évag mpaypatikd Leyalog GuoLkog o
Max Planck?:

«ls the physical world picture merely a more or less arbitrary creation of our minds, or do we find ourselves driven to
the contrary conception that it reflects real natural processes which exist in complete independence from us? Spoken
more concretely: May we reasonably maintain that the principle of conservation of energy would still hold in nature
even if there were no people left to think about it, or that the heavenly bodies would still move according to the law
of gravitation, if our earth and all its inhabitants fell into rubble? If | answer yes to this question with respect to
everything previously mentioned above, | nevertheless remain indeed conscious that this answer stands in certain
contrast to a direction of natural philosophy which right at this time under the leadership of Ernst Mach enjoys great
popularity particularly in circles of natural scientists. This view holds that there are no other realities than one's own
perceptions and that all natural science in the last analysis is only an economic adjustment of our thoughts to our
perceptions by which we are driven by the struggle for existence. The boundary between the physical and the
psychological is merely a practical and conventional one. The essential and only elements of the world are
perceptions.(........) Surely, much has already been thought and written on these basic questions, for theorists are
many and paper is patient. Therefore, if we want to emphasize that which we can completely agree upon, which will
be acknowledged by everyone, every time, without exception, and must be taken to heart: First, conscientious self-
criticism united with endurance in the struggle to genuinely know, second, honest respect for the personality of
scientific opponents, which is also not to be shaken by misunderstandings, and last, serene trust in the power of the
Word which for over nineteen hundred years has taught us the ultimate indubitable sign of how to distinguish true
from false prophets: By their fruits shall ye know them! »

MopaBETOupE EVa XAPAKTNPLOTIKO AOOTACHA TNC ardvtnonc tou Mach*

«As the reader has well noticed, the biological-economical conception of the knowing process is entirely sufficient to
bring today's ongoing physics into a consistent even friendly relation to it without any difficulty. The actual difference
which has been manifested up to now has been constituted by belief in the reality of atoms. That is also why Planck
has scarcely been able to find sufficiently degrading words for such perversity If one wants to enjoy psychological
conjectures [about his motivations], then one must read his lecture himself, and | can only wish that such will occur.

® 5& i SLaeén Tou oTo MaveroT Lo tou Leyden to 1908 , pe titho The unity of the physical world picture (otn cuAoyn
Blackmore (ed) Ernst Mach , A Deeper Look, Kluwer 1992)

* Mach, The Leading Thoughts of My Scientific Epistemology and Its Acceptance by Contemporaries'(1910) (sto Ernst Mach , A
Deeper Look)



After Planck had already suggested it but still with Christian mildness and out of respect for his opponent, he finally
stigmatized me with the well-known words from the Bible as a false prophet. One sees that physicists are already on
the best way to becoming a church and have already grasped the readiest means at hand. Let me answer plain and
simple: If belief in the reality of atoms is so essential to you then | will have nothing more to do with physical ways of
thinking | will no longer be a genuine physicist | will give back my scientific reputation. In short, thank you so much for
the community of believers, but for me freedom of thought is more precious».

H avtamdvtnon tou Planck® Atav laitepa axpnpr KABWC eMLOHavE HETAEY AWV QVETIAPKT] KATOVONGN
arno tov Mach otoelwdwv Intnuatwy Beppoduvapikng os BipAio tou. Eva andonaopa:

«....Mach's theory of knowledge, if consistently carried through is indeed without inner contradiction, but at bottom
it only possesses formalistic significance. This is because the most important characteristic of every investigation in
natural science is foreign to Mach: The demand for a constant world picture. (.....)But in the last analysis who will
render the decisive judgment? "By thy fruits shall ye be known." | am truly sorry, but | simply cannot think of any
higher court of appeal. But Mach is strangely not satisfied with what | thought [would be a criterion of judgment]
both of us could reasonably agree on. He smells concealed Christianity. But nothing will really help him. Mach and his
theory of knowledge, like so many theories before him, will finally have to bow before that famous saying even if it
does stand in the Bible. Let us now examine his "fruits" before us and study some from both sides. (....... )He speaks
very often in his book (Die Prinzipien der Warmelehre) about perpetual motion, but he does not attach any clear-cut
physical meaning to this expression. He continually confuses perpetual motion of the first kind (production of work
from nothing) with perpetual motion of the second kind (uncompensated production of work from heat). When
Mach says: "The principle of forbidden perpetual motion can be detected most easily and clearly in the domain of
pure mechanics, and in fact first struck its roots there", he is undoubtedly thinking of perpetual motion of the first
kind. But on the other hand when he says: "A reversible circular process delivers the maximum amount of work,
which can correspond to the transfer of a definite amount of heat from a higher to a lower temperature. This
maximum is the same for all matter because otherwise a perpetuum mobile would be possible", then, if this process
of thought has any sense at all, perpetuum mobile of the second kind is presupposed. Mach does not even devote a
syllable to the fact that the two basic principles about the impossibility of perpetual motion are completely different
from each other, that the first is reversible (the impossibility of abolishing work), but the second not (uncompensated
production of heat from work being by no means impossible), that the energy principle (the first law) rests on the
first and that the Carnot-Clausius principle (the second law) rests on the second, that the second is completely
equivalent to the known Clausius principle of the transfer of heat from lower to higher temperature, and that this
principle has as a presupposition that without the assumption of non-reversible processes proof of the Carnot-
Clausius principle is not to be managed. All of this and much else besides of equal value is not even mentioned in
Mach's book, although, as | must particularly stress, at the time Mach wrote his work (1896), the facts had already
been made completely clear by the work of R. Clausius and W. Thomson, that is, forty years earlier.(....)

Concerning absolute zero, he remarks: "In reality, one has assumed that it is unthinkable that anything can be cooled
under this temperature, that bodies at -273° C. contain no heat energy, and so forth. | believe that these conclusions
rest on an impermissible, all-too-bold extrapolation” Alas, belief in a physical law can be as little forced as forbidden.
But that Mach thinks that this opinion is compatible with Carnot's principle, as the immediately following lines show,
enlightens us once again about the quality of his understanding concerning the significance of Carnot's principle»

Mo tov Mach kat tnv oxetikotnTa Twpo. Eival yvwotd OTL N KPLTIKK TG VEUTWVELAG HNXOVIKAG artd tov Mach ennpéooe
€vtova Tov Einstein ota MpwTta TOU BAUOTA TTPOG TNV OXETLKOTNTA. Oa Mepleve MooV Kavelg pia BeTIKA oTAon Tou
Mach amévavtL otnv oxetikotnta (Avadepopoaote BERata otnv e8Ik Bewpia. H yevikn Bewpla mapouaoidotnke to 1916
Xpovia Bavdatou tou Mach). Opwg otov tpoAoyo tou tedeutaiou BLBAiov tou The Principles of Physical Optics pe
nuepopnvia lovAlog 1913, Stapaloupe: «l gather from the publications which have reached me, and especially from
my correspondence, that | am gradually becoming regarded as the forerunner of relativity. (....) | must, however, as
assuredly disclaim to be a forerunner of the relativists as | withhold from the atomistic belief of the present day. The
reason why, and the extent to which, | discredit the present-day relativity theory, which I find to be growing more and
more dogmatical, together with the particular reasons which have led me to such a view—the considerations based

> Planck , 'On Mach's Theory of Physical Knowledge' (1910) (2to Ernst Mach , A Deeper Look)



on, the physiology of the senses, the theoretical ideas, and above all the conceptions resulting from my
experiments—must remain to be treated in the sequel».

Mnatov Mach katta atopa. Tov lavoudplo tou 1897 os pia Stahe€n tou Boltzmann o Mach Stékoy e tov
opAnT Aéyovtac ‘Sev motelw Gt utdpxouv dtopa’®. Tnv dmodn autr Slatripnoe LéxpL 1o TEAOC TS LWAC
Tou 10 1916. AvtiBeta 0 GANOC TOAU YVWOTOC apvnTC TG atoptkng Bswpiag o Wilhelm Ostwald sixe tnv
ETLOTNHOVLKH EVTIHOTNTA Va avaBewpriosl to 1908 tnv amoyn Tou UMPooTA OTA VEX TIELPOUOTLKA Kl
Bewpntikd Sedopéva’

Elvat Adoumov 6oa avadépBnkav mponyoupEVwe yla tov Mach cupBatd e ToV XapaKTNPLOUO TOU WG LEYAAOU
duokov;

Kat katL tedevtaio (mou €xel maAL emonpavOel) Ztnv oeAida 304 o It. Tpaxavag ypadel: «Hrav npayuatt 14
AskepPBpiov tou 1900, 6tav o Planck avakoivwve 6toug epBpovintou cuvadéAdouc Tou TG YEPHUAVIKAG ETALPLOG
duokr¢ 6TL To Ppwe Sev ival aUTo IOV TtioTEVAV HEXPL EKELVN TN oTYHN — SnAadn éva aneipwg SLalpeto
NAEKTPOLAYVNTIKO pEVOTO — aAAd anoteAolvtav anod sAdayLlota — Kal BePaiwg adiaipeta — koppdtia pwtog, Ta
ornoia 0 OANTAG ovOpaoe KBavta ¢pwtog A pwtewvd KBavrar. H elkova ou meplypadel eivat oAl wpaia alAa
avakplBng. Av Antav akptBng dev Ba pmopouaoe Alya xpovia apyotepa to 1913 o Planck va ypadel yia tov
Einstein OTL eixe AOTOXAOEL pe TV UTIOPEDT] TOU yia Ta KBAvTa dwtdc® To {itnua BaleL otnv owotr Tou Bdon
0 G. Gamow® ypadovtag «Having let the spirit of quantum out of the bottle, Max Planck was himself scared to
death of it and preferred to believe the packages of energy arise not from the properties of the light waves
themselves but rather from the internal properties of atoms which can emit and absorb radiation only in certain
discrete quantities. Radiation is like butter, which can be bought or returned to the grocery store only in quarter-
pound packages, although the butter as such can exist in any desired amount (not less, though, than one molecule ).
Only five years after the original Planck proposal, the light quantum was established as a physical entity existing
independently of the mechanism of its emission or absorption by atoms. This step was taken by Albert Einstein in an
article published in 1905».

H évvola Tou pwTtoviou Aoumov odeiletat otov Einstein. Kaptd S16akTikr) okompuotnta Sev umopei va
Sikaloloynoel pla avakplpn totoptkn avodopa.

°D. Lindley, Boltzmann’s atom 2001, The Free Press (ogA.199)
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