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3 yrna HacTtaBHUKA

Hukag nomuwisrbao aa ce 6aBumMm pumsmkom - go Kwsure LloHa
[ pnbunHa

20TaKk rognHa meHToncke/nanatHe v MI

MoTusu: SHauay:
. npeBa3unaxeswe urnysuje o
— BONeo bux ga je me
2 MeXaHULMNCTUYKOM
— "Hehy ce npeknane
YHUBEP3yMY!

r¥a “Momﬂa heTe HeKaH rmouznNoJIToiTvi gaa PUQIVIVILI-IJUIU NU "U1'U;, IJ_ITa CTe M I-D'e CTe”

CumMmnTomMK noller pasymMmeBata KBaHTHE OU3UKe
1. Xaj3eHbeproB MUKPOCKO

2. [lekoxepeHuunja peluaBa npobnem mepemna

3. “HypnecHo: u Tanac n yectuua!”



[lojmoBN

* HuckpeTHocT npupoge (I'naHk, AjHwTajH)
« TanacHo-4yecTnyHu gyanusam (oe bpoj/is)

— TanacHa dyHkuuja (LpeaunHrep)

CnyuajHocT y dumanum (Makc bopH)

— penauuje HeogpeheHocTun (Xaj3eHbepr)

— KoMnnemeHTapHocT (Hunc bop)

Cynepno3uvuunja n mepere ((boH HojmaH)

— [Napagokc BurHeposor npujaTterba (BurHep)
OunctaHTHe Kopenauuje - entanglement (AjHwwTajH)
— benoBa HejegHakocT (LloH ben)



3HaMO [da je KBaHTHa dou3mnka
yyaHa“...

Puyapg
dajHMaH

Hunc bop



"Double-Slit” ekcnepmMmeHT
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dajHMaH: eKcnepuMeHT ca ABa rnpopesa ,je PEeHOMEH Koju je
Hemoryhe objacHUTM Ha DNNO KOjWU KrnacudaH Ha4ymH 1N Koju
cagpXu y cebu CyLITUHY KBaHTHE MexXaHuKe. 3anpaso, OH
cagpXXu jeauHy (Kiby4Hy) MUCTEPUjY KBAHTHE MeXaHUKe.”







"Double-Slit” ekcnepmMmeHT
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JedaH no jegaH enekTpoH




"Double-Slit” ekcnepmMmeHT
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"Double-Slit” ekcnepmMmeHT

KaKo e/IeKTpPOoH 3Ha Aa /M ra
nocmartpamo!?




[loknie Moxemo mhu?

[poTeunH

dynepeH

EnekT po/



CBeTCKU peKopA:
(Vienna Group, 2013.)

C:284H 190 I:320 N4812

= Maca npeko 10.000 aTtomckux jegnHuual
= 810 atoma y jegHoM morekyny!




KBaHTHU 6puMcay

PoTtaTop
nonapwusauuje 3a 90° D

e

-
XopusoHTanaH
nonapusarop

AKO NOTNYHO 06pULLEMO MHPOPMaLM]y O TOME KOjJUM NYTEM je
yecTuua mwaa, MHTepdepeHUmja ce NoHOBO jaBsba.



Bunepos ,Delayed Choice
Experiment”

Transmitter -

[Ma go6po,
KOJIMKO je
OH/Jla OBaKaB
(dOTOH

,CTBapaH“?!?

Buneposa nageja

,One decides whether the photon shall have come by one
route, or by both routes after it has already done its travel.*

J. A. Wheeler



Kako Ha 0BO rnega ctaHgapaHa KBaHTHA

dunanka?
“KBaHTHMU
HoBYMh”
A€TEPMUHUCTNYKA
<= eBo/lyumja m%w(t» — HI[y(t))
3

Konarc tanacHe pyHKuumje

cynepno3uumja
| MIMCMO) + |rnaBa)
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Measurement problem

» [1pouec 2 — EBonyuuja:
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» Mpouec 1 — Mepeme: :

CreKTpasHa AeKomnosnumja [
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<<OHTpap,VIKTOpHM! !

AetepMuHUcTHYKalll
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MaTtemaTuiku: gekoxepeHuuja
~ MEepPEeEHE = ,Kopenmcame"

| TIMCMO) | rnaBea)

‘TN TTTT T T MMMO MMCMO)
Kaga peanHocT nocTaje IMMMO rNaBy)

jacHo aedpuHUCaHa,
T]. jepHa?!?
Kapa ce goraha Taj konanc!?! faycramsy 1)
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MnycTtpauuja: LLipegnHrepoBa mayka

with apalogies to Berk Breathed “About your cat, Mr. Schrodinger—I have
good news and bad news.”

Blavlock - UMass seminar 3/4/11



LLipeauHrepoBa madka

,,POH
HojmaHoB
naHaw*




BurHepoB npujaters

BurHep

* W3 yrna BurHepa.

KuBa M.)|npujaTtesrs BUOM XnNBY) + [MpTBa M.)|npujaTters Buam MpTBY)
— [a nn 6un ekcrnepuMeHT NOTBPANO OBY Cyrnepnosnumnjy?
— LlTa y TOo Bpeme poxuBrbaBa rnpujartern?






bop vs. AjHLWITajH

DESCRIPTION

MAY 15, 1935

OF PHYSICAL
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Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?

A. EinstEIN, B. PopoLsky AND N. ROSEN, Institute for Advanced Study, Princeton, New Jersey
(Received March 25, 1935)

In a complete theory there is an element corresponding
to each element of reality. A sufficient condition for the
reality of a physical quantity is the possibility of predicting
it with certainty, without disturbing the system. In
quantum mechanics in the case of two physical quantities
described by i the k dge of
one precludes the knowledge of the other. Then either (1)
the description of reality given by the wave function in

1.

NY serious consideration of a physical

theory must take into account the dis-
tinction between the objective reality, which is
independent of any theory, and the physical
concepts with which the theory operates. These
concepts are intended to correspond with the
objective reality, and by means of these concepts
we picture this reality to ourselves.

In attempting to judge the' success of a
physical theory, we may ask ourselves two ques-
tions: (1) “Is the theory correct?"” and (2) “Is
the description given by the theory complete?”
It is only in the case in which positive answers
may be given to both of these questions, that the
concepts of the theory may be said to be satis-
factory. The correctness of the theory is judged
by the degree of agreement between the con-
clusions of the theory and human experience.
This experience, which alone enables us to make
inferences about reality, in physics takes the
form of experiment and measurement. It is the
second question that we wish to consider here, as
applied to quantum mechanics.

quantum mechanics is not complete or (2) these two
quantities cannot have si reality. Consi i
of the problem of making predictions concerning a system
on the basis of measurements made on another system that
had previously interacted with it leads to the result that if
(1) is false then (2) is also false. One is thus led to conclude
that the description of reality as given by a wave function
is not complete.

Whatever the meaning assigned to the term
complete, the following requi for a com-
plete theory seems to be a necessary one: every
element of the physical reality must have a counter-
part in the physical theory. We shall call this the
condition of completeness. The second question
is thus easily answered, as soon as we are able to
decide what are the elements of the physical
reality. )

The elements of the physical reality cannot
be determined by a priori philosophical con-
siderations, but must be found by an appeal to
results of experiments and measurements. A
comprehensive definition of reality is, however,
unnecessary for our purpose. We shall be satisfied
with the following criterion, which we regard as
reasonable. If, without in any way disturbing a
system, we can predict with certainty (i.e., wilh
probability equal to unity) the value of a physical
quantity, then there exists an element of physical
reality corresponding to this physical quantity. It
seems to us that this criterion, while far from

ing all possible ways of recognizing a
physical reality, at least provides us with one




EINP napagokc @

m—

650 cB. rop, s Bo6 Ha [Mild -
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1. Anuca namepm cnuH ayx X ceoje yectuue. 3atmm bob usmepu Y cnuH ceoje
YyecTuue U TUME ayTOMATCKM ca3dHaMo M Y KOMMNOHEHTY cnnHa AIMCHMHE YyecTule, a

XCMO | nak, saxsarbyjyhv nHOETEPMUHM3MY KB. dnanke, FHoc™M!
n “no cloning” Teopemu

A

2. Akonp _ . epeme Ha
Betenr] HWj€ Moryhe oBako npeHeTn MHdopmMauujy, na oBO kmwano
»SPOOK He NPOTUBPEYM TEOPUjU penaTmeuTeTa...

= EI'IP Je camo donno3ogckm aprylvleHT'
3. Jou roperrpermaroarrrrrorrerarrrarooo-rorremoTTeTore—may-rrrre—rre—0 Y KOM

he cTtamwy ga 3aBpum AﬂMCMH doTOoH:
a) AKo u3Mmepu X CnNuH CBoje Yectuue, AamMcuH he noctatm < mam —
b) Ako usmepu Y cnuH cBoje yecTtmue, Aamcun he noctatn T man
A Kako akumje boba Ha beTenesy He MOry Za TPEHYTHO yTUYy Ha Antamp, cneam aa
HELWTO He Basba Ca JIOrMKOM KBaHTHE MexaHMKe! Y HajMamy pYKy je HekomnieTHa!



b Rt 9\ =)l “BERTLMANN'S
6 (o reatiee ) W SOCKS AND THE

NATURE OF
REALITY”

Fondation Hvgot
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[Mpod. bepTamaH



4 )
- JlocTta pmnosodpupara, 3HamM

Kako Aa eKCnepuMeHTOM
OTKPMJjEMO KO je y npasy!

/

benoea Teopema: HunjegHa
,JIOKanHo-peannucTuyHa“ Teopuja He
. - MOXe penpoaykoBaTu cBe

4 npeguvikuunje KBaHTHe pusnke.
LloH ben

benosa HejegHakocT (CHSH BapwujaHTa):

Y nokasiHo-peasniMmcTM4HUM Teopujama (3a pasnuky of KB.
donsnke) mopa aa Baxu

SQ E(a,b')+ E(d',b)+ E(a,V) <

OBo ymMemMo aa nmamepumo!



Krby4yHo 3a benoBy HejeaHaKOCT!

 Pagu ce o uckasy obnyHe/knacu4vHe noruke

* KopucTtuno je camo npeTnocTaBkKe:

1. PeanHocTtn — ga cy ocobnHe cuctema peasriHe came rno
cebu, Tj. fobpo neduHncaHe 6e3 003Mpa Ha Mepene
(Yapane umajy gedpumHmncaHe 6oje, a YecTuLe CNUH K Npe
Mepema). ,AKO ApBO NagHe y Wwymu, nponssellhe byky
YaK M ako Hema KO Ada To 4yyje.”

2. JlokanHoCTK — yTULaju He MOory ga ce npocTupy 6p3vHOM
BENOM O] CBETIIOCHE.



EkcnepnMeHT!

 Freedman and Clauser (1972), Aspect et al.
(1982), Tittel et al. (1998), Welhs et al.

(1' < Tweet 001)’
G I The Nobel Prize & )08) ’
@NobelPrize et al
(2 “l was very sad to see that my own experiment had |ner et
proven Einstein wrong.”
al. =][€
B - 2022 physics laureate John Clauser [ a|

(2013)



JOHN F. CLAUSER ALAIN ASPECT
Born 1942 in Pasadena, CA, USA. Born 1947 in Agen, France. PhD 1983
PhD 1969 from Columbia University, 7 from Paris-Sud University, Orsay,
New York, USA. Research Physicist, |_|O Ba H a rpa,ﬂ,a £ France. Professor at Institut d’Optique
J.F. Clauser & Assoc., Walnut Creek, Graduate School — Université Paris-
CA, USA. TR Saclay

Vg i ;\fkﬂ ¥ and Ecole Polytechnique, Palaiseau,

L4

Y France.

ANTON ZEILINGER § )
Born 1945 in Ried im Innkreis, Austria. '

PhD 1971 from University of Vienna,

Austria. Professor at University of

Vienna, Austria.

UnaH CAHY !l
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QUANTUM PHYSICS

The Universe Is NotéLocally Real,)
and the Physics Nobel Prize

Winners Proved It

Elegant experiments with entangled light have laid bare a profound mystery at the heart of
reality
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Can chemistry help?
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In the 2022 Physics Nobel Prize, a Test of Your Grip
on Reality
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Opinion Science
What quantum physics tells us about
reality

The new Nobel laureates proved Einstein was not always right
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Academic rigour, journalistic flair

How philosophy turned into physics - and
reality turned into information

Published: October 7, 2022 3.46am CEST




Kako oBo cBe pasymeTu!?!

3axBarbyjyhn HobenoBuuma, 6bap 3Hamo LTa HUje oarosop!

‘Mopahemo ga ogyctaHeMo of naeje peanumamay
MHOro Behoj mepu Hero WwTo BehnHa pusmnyapa
aaHac cmatpa.' (Anton Zeilinger)...

3

1

A 3
-

Kpaj epe “(n10KasIHO)MeXaHMUMCTUYKOrT MaTepujanmnsma’!



...aln’ wra jecrte!?!

 LWTarop je, ooroBop 3acurypHo mopa ga oyae y Hekom
cCMUCIy ,yBPHYT", HEMA ,30paBoOpa3yMCKNX. pelueral

 Ha cBaka gBa dousnyapa, Tpu pasnmynta MULLIbLEH-A...

j> "nTepnpetauunje”
KBAHTHE QPU3UKE
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scientific review
UDC 06.068HOBEN::532022"

Igor Salom’
University of Belgrade, Institute of Physics, Belgrade

2022 NOBEL PRIZE IN PHYSICS
AND THE END OF MECHANISTIC MATERIALISM?

Abstract

The ideas and results that are in the background of the 2022 Nobel
Prize in Physics had an immense impact on our understanding of
reality. Therefore, it is crucial that these implications also reach the
general public and not only the scientists in the related fields of quan-
tum mechanics. The purpose of this review is to attempt to elucidate
these revolutionary changes in our worldview that were eventually
also acknowledged by the Nobel Committee, and to do it with very
few references to mathematical details (which could even be ignored
without undermining the take-away essence of the text).

We first look into the foundational disputes between Einstein and
Bohr about the nature of quantum mechanics, which culminated in
the so-called EPR paradox—the main impetus for all the research that
would ensue in this context. Next, we try to explain the statement of
the famous Bell’s theorem—the theorem that relocated the Einstein-
Bohr discussions from the realm of philosophy and metaphysics to
the hard-core physics verifiable by experiments (we also give a brief
derivation of the theorem’s proof). Then we overview the experimen-
tal work of the last year’s laureates who had the final say about who
was right in the debate. The outcome of these experiments forced us
to profoundly revise our understanding of the universe. Finally, we
discuss in more detail the implications of such outcomes, and what
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2022 Nobel Prize in Physics and the End of Mechanistic
Materialism

Igor Salom

The ideas and results that are in the background of the 2022 Mobel Prize in physics had an immense impact on
our understanding of reality. Therefore, it is crucial that these implications reach also the general public, not only
the scientists in the related figlds of quanium mechanics. The purpose of this review is to attempt to elucidate
these revolutionary changes in our worldview that were eventually acknowledged also by the Nobel's
committee, and to do it with very few references to mathematical details (which could be even ignored without
undermining the take-away essence of the text).

We first look into the foundational disputes between Einstein and Bohr about the nature of quantum mechanics,
which culminated in the so-called EFPR paradox -- the main impetus for all the research that would ensue in this
context. Mext, we try to explain the statement of the famous Bell's theorem -- the theorem that relocated the
Einstain-Bohr discussions from the realm of philosophy and metaphysics to hard-core physics verifiahle by
experimenis (we also give a brief derivation of the theorem’s proof). Then we overview the experimental work of
the last year's laureates, that had the final say about who was right in the debate. The outcome of these
experiments forced us to profoundly revise our understanding of the universe. Finally, we discuss in more detail
the implications of such outcomes, and what are the possible wavys that our worldviews can be modified to
account for the experimental facts. As we will see, the standard mechanist picture of the universe is no longer a
viable option, and can be never again. Mowadays, we know this with certainty unusual for physics, that only a
strict mathematical theorem could provide.
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Naen n Vlpeanbl

HayuHbin XxypHan

O xxypHane CeeXuii Homep Apxus Peagkonnerva n Pegcoser Moanucka v nokynka Kak nogate crateio KoHTakTel

Hodexerckan npemua 2022 roga no gusHKe H KOHeI MeXaHHCTHYECKOTO MaTepPHATHIMA
1 9acTh: HCTOpHYecKHiT 0030p

Hzope Carom

Tzpesod ¢ anzuticnozo M Apradvesa

2022 Nobel Prize in Physics and the End of Mechanistic Materialism
Igor Salom

Institute of Physics, Belgrade
E-mail: isalom@ipb.ac.rs

University, Pregrevica 118, Zemun, Serbia

®aoracTon, No 31, p. 169 (2023)
(https://www.muzejnt.rs/programi-i-desavanja/casopis-flogiston)
https://arxiv.org/abs/2308.12297

SYHIAMEHTATEHEE HIEH M PesyIBTATH, OTMedeHHEE HoOemeeckod mpemmell mo duzmme 2022 roga,
PEIIHTENIEHEIM 00p230M MEHAT COIISNpHHATOS ICHHMAaHHEe pealbHOCTH. KpaiHe BaEHO, 9TO0R 3TH pe3yIETATRL
JOIUTH HE TONBED 0 yIeHEXN-CISIHATHCTOE, HO H I Donee MHpokoH MyonHEH. [ensio JanHore od30pa SBTIeTCE
TIOTIRITEA PACKPEITE VIOMAHYTEIE PEEOTHOMHOHHEIS H3MEHEHHT E IPHERMHOM BAITIATS HA MHp. JTOT PaTHEATLHELT
CABHT B KOHEIHOM HTOTe OBLT mpH3HaH HoOeaeBCcKHM KOMHTETOM, H MBI ITONEITREMCA PaccKasalb 00 3TOM ¢
MHHAMATBHEM KOTHIECTEOM MATEMaTHIECKHX JeTaNeH (KOTOPEIS MOKHO HTHOPHPOEATE, He TEPAA CYTIh BEIBOIA).

CHAa9ama MEl PACCMOTPHM 3HAMEHHTYRY JHCEYCCHED MeETy IHHmTeAHOM H bopoM © MpHpoIe KEAHTOROH
MEXaHHKH, HMeBIIyio MecTo B 20-30-x rogax XX eexa. KymeMeHamHeH ee CTAT TaK HasBIBaeMeIA JIIP-mapamoke —

TTADLLIE TATEAT T DoAY WeATATADANLE  TATARLIA THATATIITIOL TINTAM T aTair nhmacTs Jlames mammrTaeeea



XBaJia Ha naxxwMu.



XBana Ha nakwu!



Y yemy je yonwte npobnem? W%

T [ Anuca Ha MCcTe nonapusauuje 506 Ha [k —

| Antanpy Betenresy
KJa/>:(fv>/v>T_+ LY 7\ e
P

« Konwuka je waHca ga jegaH npohe a gpyrn He? Ako HasoBeMo A = +1 ako
AnncuH npohe, a A = -1 ako eH He npone, n ekBnBarneHTHo b 3a boba,
KOnuKa je BepoBaTHoha 3a ucxog Ab = -17
« KBaHTHa dounsnka kaxe HYJIA!

* AJHLITAJH Kaxe ,3aBUCU O peasiHe nonapusaunje qoToHa 1 o4
Ta4yHUX PU3NYKNX 3aKOHa, a He 3HaMO HU jeaHO Hu apyro!”
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benoBa HejeOHaKOCT
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Kako npoBepaBamMo KO je y npaBy?

« 3a cneuwnjanHu n3dbop yrroea:
Q= 45° o0 b= 225°, 4 =675° O
KBaHTHa MexaHuKka npeasuha S ’ﬂF)\ = Q_ 5

 MaTtemaTtun4iko o4yekmBame, na TMMe U BPpe4HOCT S
MOXEMO MEepUTU TaKo LUTO NyLITamMo NyHO naposa u
NpaByUMO CTaTUCTUKY!

* [loTpebaH je camMo BELUT EKCMNEPUMEHT...



I MHOro cnnyHux doacunHaHTHUX

Ca Buknneguje:

Given that experimental tests of Bell's inequalities have ruled out local realism in
guantum mechanics, the violation of Leggett's inequalities is considered to have
falsified realism in quantum mechanics.

° I[r\r\dlr IIAFMNARMA" 1IANV/ITINLIL N norolTOBe

Hema rpeluke! |
AjHWITajH je 61O y KpUBy,
Hall YHUBEP3YM CUTYPHO

HUje ,,TIOKariHo-

peanucTuyaH. ALM]y KBaHTHE
1EMEHT-2,
HEMA HA3Al! ré 3a KBaHTHY

KOMyHMKAUW]Y, KPUITTOTrpagny, pav4yHapCcTBoO...



