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Mohou byt ¢astice kvantove zapleteny v case?

32 997 zhlédnuti Premiéra pted 14 hodinami #worldsciencefestival #quantumentanglement
#briangreene Einsteinova "straSidelnd akce" popisuje kvantové ¢astice zapletené napiic
vesmirem, ale miize takova straSidelnost zamotat ¢astice napti¢ casem? Konverzace zahrnujici
pocatky kvantové mechaniky pies jeji hlavni disledky pro samotny prostorocas. Tento
program je souéasti série Big Ideas, kterou podporuje John Templeton Foundation. Uastnici:
Elise Crull Moderator: Brian Greene.
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(01)- [Music] [Applause] Isaac Newton's insights set the course of science for hundreds of
years but there's a sense in which Newton's insights were also deeply misleading Newton's
famous Laws of Motion codify what we all experience in everyday life things move and as
they do they sweep out trajectories defined by position where something is and velocity how
fast and in what direction Something is moving indeed reality in this framing comprises these
very trajectories by providing equations to delineate these trajectories how the position and
velocity of an object change over time Newton provided an algorithm for predicting how
reality unfolds and the algorithm Works Newton's Laws correctly predict where the moon
should be at any moment where the planet should be at any moment where a ball should land
when thrown but in the early part of the 20th century as scientists began to probe the newly
accessible realm of molecules atoms and subatomic particles newtonium predictions failed to
describe the data and this failure was not one of f detail that might suggest a simple
refinement to Newton's equations the failure was epic suggesting to some that an entirely new
paradigm might be required that intuition proved correct and remarkably by the late 1920s a
single generation of scientists produced that new paradigm with the discovery and
development of quantum mechanics an essential feature of the quantum Paradigm is that the
theory is built around the concept of probability that is unlike the Newtonian picture in which
we specify how things are now and the equations predict how they will be later on in the
quantum picture we specify how things are now but the equations do something entirely
different they dictate the probability of how things will be later on and according to our best
understanding the Reliance and probability is not a limitation of the approach but rather is a
fundamental feature of reality the universe in a manner that Einstein found unpalatable
evolves according to a mathematically precise game of chance so why don't we see these
probabilities in the course of everyday life well the large scales of the everyday compared to
atams and particles skew the probabilities making one outcome the almost certain outcome
and that outcome is indeed the Newtonian outcome but as we consider smaller Realms the
probabilities spread more broadly rendering the Newtonian outcome just one among many
possibilities whose likelihoods are governed by the equations of quantum mechanics Einstein
may have been the most vocal critic of this direction physics had taken but even ardin
proponents have struggled to grasp what quantum mechanics really means for the nature of
reality although experiment has confirmed quantum mechanics to astounding precision and
scientists have used it to develop stunning Technologies many of those questions are still with
us today are quantum probabilities an intrinsic feature of reality or an artifact of the quantum
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for formalism how does the world transition from the haze of possibilities Allowed by the
quantum description to the single definite reality of common experience how do we extend
quantum mechanics from description of systems within the universe to the universe as a
whole is quantum mechanics The Rock Bottom theory of reality or will it prove a mere
stepping stone to a more fundamental description still awaiting discovery as WE peer into the
future insight into these questions will be essential for navigating the quantum Universe good
afternoon thank you all right so our our subject today is quantum mechanics and arguably
Quantom mechanics is really the most profound disruption to our understanding of the
physical universe that our species has ever encountered and part of the reason for that is the
description of the world as we just saw in the piece and as we will explore here today the
description of the world is so different from our everyday experience and in a sense perhaps
we should not be surprised by that because after all our minds evolved in order that we could
survive and survival and the intuition that allows us to survive it does not need to know about
the behavior of electrons and atoms and subatomic particles this juncture between how we
experience the world and how we understand the world through observation and experiment
will really be what will guide our discussion here today we've got a number of wonderful
scientists to help us think through some of the key issues we have Elise Kow we have Sean
Carol we have Carla relli and let us now turn to the first of those conversations with Elise koll
who is an associate professor of philosophy at the City University graduate Center and City
College her research explores the philosophical dimensions of quantum mechanics caal

(01)- [Hudba] [Potlesk] Poznatky Isaaca Newtona ur¢ovaly smér védy na stovky let, ale
existuje pocit, ze Newtonovy poznatky byly také hluboce zavadéjici, slavné Newtonovy
zakony pohybu kodifikuji to, co vSichni zazivame v kazdodennim zivoté, véci se pohybuji a
jak to délaji, zametaji trajektorie definované polohou, kde se néco nachazi, a rychlosti, jak
rychle a jakym smérem se néco skute¢né pohybuje, realita v tomto rdmovani zahrnuje prave
tyto trajektorie tim, Ze poskytuje rovnice, které tyto trajektorie vymezuji, jak se meéni poloha a
rychlost objektu. ¢as Newton poskytl algoritmus pro pfedpovidani toho, jak se realita vyviji a
algoritmus funguje Newtonovy zédkony spravné predpovidaji, kde by mél byt mésic v
kterémkoli okamziku, kde by méla byt planeta v kazdém okamziku, kde by mél mi¢ pfistat,
kdyz je hozen, ale na pocatku 20. stoleti kdyz védci zacali zkoumat nové piistupnou fisi
atomu molekul a subatomdarnich ¢astic, newtoniové predpovédi nedokazaly popsat data a toto
selhani nebylo jednim z detaild, které by mohly naznacovat jednoduché uptesnéni
Newtonovych rovnic, selhdni bylo impozantni, coz n€kterym naznacovalo, Ze zcela mize byt
vyzadovano nové paradigma, aby se intuice ukézala jako sprdvna a pozoruhodné koncem
dvacatych let minulého stoleti vytvofila jedina generace védct toto nové paradigma s
objevem a rozvojem kvantové mechaniky, zékladnim rysem kvantového paradigmatu je, ze
teorie je postavena na konceptu pravdépodebnesti |to je na rozdil od Newtonova obrazku,
ve kterém specifikujeme, jak se véci maji nyni, a rovnice ptfedpovidaji, jak budou pozdéji, v
kvantovém obrazku specifikujeme, jak se véci maji nyni, ale rovnice délaji néco Uplné jiného,
diktuji pravdépodobnost, jak véci budou pozdéji a podle naseho nejlepsiho chapani neni
Spolehlivost a pravdépodobnost omezenim piistupu, ale je spiSe zakladnim rysem reality,
vesmir se zpusobem, ktery Einstein povazoval za nechutny, vyviji podle matematicky piesné
hry nahody, tak pro¢ ne tyto pravdépodobnosti vidime v prub¢hu kazdodenniho Zivota dobfe,
velkd méftitka vSedniho dne ve srovndni s atomy a ¢asticemi zkresluji pravdépodobnosti, takze
jeden vysledek je témét jistym vysledkem a ten vysledek je skute¢né newtonovsky vysledek,




ale kdyz uvazujeme o mensich tisich, pravdépodobnosti se rozsiti vice Newtonuv vysledek je
v podstaté jen jednou z mnoha moznosti, jejichz pravdépodobnosti se Fidi rovnicemi
kvantové mechaniky [Einstein mohl byt nejhlasit&jsim kritikem| tohoto sméru, kterym se
fyzika vydala, protoze ho lidé-fyzici poslouchali, protoze komunita fyziki byla plna slusnosti.
Ale kdyby tenkrat byli fyzkové parchanti nekorektni a nabubfteli jako dnes, mohl se Einsten
ufvat a nikdo by jeho nazory nevédél = necetl a nediskutoval...ale 1 zastanci ardini se snazili
pochopit, co kvantova mechanika skute¢né znamena pro piirodu. Reality, ackoli experiment
potvrdil kvantovou mechaniku s ohromujici pfesnosti a védci ji pouzili k vyvoji ohromujicich
technologii, mnohé z téchto otazek jsou stale pied nami dnes jsou kvantové pravdépodobnosti
vnitini rys reality nebo artefakt kvanta pro formalismus, jak se méni svét z oparu moznosti.
Dovoleno kvantovym popisem k jediné definitivni realit¢ bézné zkuSenosti, jak rozsifime
kvantovou mechaniku z popisu systému ve vesmiru na vesmir jako celek, je kvantova
mechanika The Rock Bottom Theorie reality aneb prokaze pouhy odrazovy mustek k
fundamentalnéjSimu popisu, HDV ktery stale ¢eka na objev, ano, ¢eka 40 let!, protoze MY
nahlizime do budoucnosti, vhled do téchto otazek bude nezbytny pro navigaci v kvantovém
vesmiru dobré odpoledne, dékuji, dobfe, takze nasim dne$nim predmétem je kvantova
mechanika a pravdépodobné kvantova mechanika opravdu je nejhlubsi naruseni naseho
chéapani fyzického vesmiru, se kterym se na$ druh kdy setkal, a ¢aste¢nym diivodem toho je
popis svéta, jak jsme praveé vidéli v dile a jak zde dnes prozkouméame, popis svéta je tak
odlisné od nasi kazdodenni zkusenosti a v jistém smyslu bychom se tim mozna nem¢li divit,
protoze nasSe mysl se piece vyvinula proto, abychom mohli pfezit a pfezit a intuice, kterd nam
to umoziuje prezit, nemusi védet o chovani elektronii a atomu a subatomarni ¢astice toto
spojeni mezi tim, jak zazivame svét a jak svétu rozumime prostiednictvim pozorovani a
experiment, bude skutecné tim, co povede nasi dnesni diskusi. Mame fadu Gzasnych védca,
ktefi nam pomohou promyslet nékteré z klicové problémd, které mame Elise Kow, mame
Seana Carola, mame Carla Rovelli a pojd'me nyni k prvnimu z téch rozhovort s Elise Koll,
ktera je docentkou filozofie na City University Graduate Center a City College jeji vyzkum
zkouma filozofické rozméry kvantové mechaniky caal

(02)- models as well as relativistic and temporal entanglement thank you so just just to jump
right inise I think all of us are familiar that you know prior to say 1900 we had a pretty good
understanding of physics right through the ideas of of Newton and Maxwell and so forth and
then it began to to crumble right and as it began to crumble a new paradigm came on the
scene | want to explore that Paradigm but you've written on the history of the subject and |
think many people perhaps don't fully appreciate how much of a psychological and emotional
upheaval this time was for the discovers of these ideas can you just give us a sense of what it
was like sure um well I can try I've felt that sort of cognitive dissonance myself so there's
some first-person experience but um yeah there was a famous speech given by Sir Arthur
Edington or S not Edington uh Lord Kelvin thank you Lord Kelvin um one of the guys in the
history of physics they're all the same yes he said there were just a few clouds on the horizon
and we've nearly solved it all you know we have boltzman manian statistical mechanics we
have Newtonian mechanics um we've we've got um Maxwell's electromagnetism uh there's
just a few issues and one of those issues was black body radiation and that's just basically if
you've seen in an oven um whe there was a known correlation between the color or the heat
inside of it and um and how it radiated back out and there was no good model for it and so uh
plank uh sort of looked at the the uh empirical data and said | don't quite know what the



underlying story is here yet but | can Cobble together a mathematical structure 1 composite uh
this idea that light acts as though quantized um quantized little little pieces in bits yeah not
just a wave as it had been thought um and this captured you know the empirical data correctly
but plank hated it because he said I don't know what my own math really means and it took
until Einstein in 1905 and then in 1909 uh to sort of provide that background story and
Einstein wasn't happy with the background story either because it required two terms in the
equation to solve black body reation one of the terms was wav like continuous the other term
had H Plank's constant it was quantized it was about bits and there they were sitting together
in this equation uh and that's how we know it to be today now is there something odd about
the idea of not being happy with the mathematics after all if the mathematics describes the
data and that's ultimately what physics is meant to do why why would someone be unhappy
with it oh because | think uh we're interested in the deeper explanations right um or at least
that's what physicists tend to be drawn to uh and mathematical mapping like capturing of the
phenomena is a part of it surely um but how that mathematics is supposed to lend insight into
the real behavior of things um if that's missing then you've solved a puzzle but you haven't
explained the nature of the universe and that's sort of the driving uh the driving motivation I
think for many of these and and we'll get into the details of you know Quantum probability
waves and issues like the measurement problem just a moment but given that well articulated
view of what physicists are trying to do where would you say we are right now today with
quantum mechanics uh that's a great and large question uh so I mean I'm primarily a
philosopher so I'm | | get sort of this perspective uh so don't take it personally if | say
something you don't like um but I think it's actually a really exciting time because we're
seeing exactly the limitations of models we've been working with for nearly a century now |
mean the 100th anniversary of quantum mechanics is in 2025 um and there's still puzzles
enduring puzzles about what uh how the mathematics really maps onto the world and how to
explain a lot of the data we have uh and this gets even more uh apparent when we get to the
plank scale the very small where our very well- confirmed theory of general relativity no
longer sits well with our very wellc confirmed theory of uh Quantum fields and so on uh and
so and the plank scale just to give you people a sense of how small that is 10 Theus 33 cm is a
number that we often kick around so it's fantastically small yeah extraordinarily small um but
I don't know it keeps me awake at night to think that these two theories don't don't play well at
that level um but it's it's an exciting time as a philosopher with with physics training because
there's more engagement between philosophers and physicists because we're talking about
theories of quantum gravity and theories of quantum field theories and so on that uh not every
piece of them is empirically uh testable or at least we haven't figured out how or maybe
maybe in principle testable so some of this is questions of how brilliant are engineering how

(02)- modely a také relativistické a ¢asové zapleteni ?? dékuji, takZe jen pro skok do
spravneho inise. Myslim, Ze vSichni zname, Ze vite, Ze pied feknéme rokem 1900 jsme docela
dobie rozuméli fyzice prostiednictvim myslenek Newtona a Maxwella a tak dale a pak se to
zacalo hroutit spravn¢ a jak se to zacalo hroutit, na scénu pfislo nové paradigma. Chci to
paradigma prozkoumat, ale psal jste o historii tohoto tématu a myslim, Ze mnoho lidi mozna
ne pln¢ docenuyji, jak velky psychologicky a emocionalni otfes byl tentokrat pro objevy téchto
mySlenek, mizete ndm dat predstavu o tom, jaké to bylo, jisté, dobfe, mohu to zkusit, sam
jsem pocitil takovou kognitivni disonanci, takze existuje néjakéa zkusenost z pohledu prvni
osoby, ale ehm, ano, byla tam slavna fec¢, kterou pronesl Sir Arthur Edington nebo S not



Edington eh Lord Kelvin dékuji Lorde Kelvine hm, jeden z chlapti v historii fyziky, vSichni
jsou stejni ano, ekl tam bylo jen par mraktli na obzoru a uz jsme to skoro vyfesili, vSe, co vite,
mame boltzmanovskou statistickou mechaniku, mame newtonovskou mechaniku, mame tu
Maxwelliiv elektromagnetismus, je tu jen par problémi a jeden z nich bylo zafeni ¢erného
télesa a to je jen v podstaté, pokud jste vidéli v troubé ehm, kdy byla zndma korelace mezi
barvou nebo teplem uvniti a um a jak to vyzafovalo zpét ven a neexistoval pro to zadny dobry
model a tak uh Planck uh tak n&jak se podival na uh empiricka data a fekl, Ze jesté Gplné
nevim, jaky je zde zékladni ptib&h, ale mohu sestavit matematickou strukturu, kterou slozim,
uh tuto myslenku, Ze svétlo ptsobi jako kvantované um kvantované bali¢ky svinutych
dimenzi trochu mélo kousky po kouscich jo, ne jen vina, jak se myslelo hm a tohle zachytil,
znate spravn¢ empirickd data, ale plank to nenavid€l, protoze fekl, ze nevim, co moje vlastni
matematika skute¢né znamena, a trvalo to do Einsteina v roce 1905 a pak v roce 1909,
abychom tak trochu poskytli tento piibéh na pozadi, a Einstein nebyl spokojen ani s ptibéhem
na pozadi, protoze to vyzadovalo dva ¢leny v rovnici k vyteseni reakce ¢erného télesa, jeden z
¢lentd byl wav jako spojity, druhy ¢len mél ,,h* Plankovu konstantu it bylo kvantovano, bylo
to o bitech a tam sed¢li spolu v této rovnici a tak to dnes vime, Ze je néco divného na
mysSlence, Ze koneckoncii nejsme spokojeni s matematikou, pokud matematika popisuje data a
to je koneckonct k ¢emu ma fyzika byt, pro¢ by s ni mél byt nékdo nespokojeny, ja nebyl a
nejsem protoze si myslim, Ze nas zajimaji hlubsi vysvétleni, nebo alesponi k tomu maji fyzici
tendenci byt pfitahovani a matematické mapovani, jako je zachyceni jevi je to jisté soucasti,
ehm, ale jak mé tato matematika poskytnout vhled do skutecného chovani véci hm, pokud to
chybi, pak jste vytesili hadanku, ale nevysvétlili jste povahu vesmiru a to je tak trochu hnaci
motor. Myslim, Ze hnaci motivace pro mnoho z nich, a dostaneme se do podrobnosti o vas,
vite, Kvantové pravdépodobnostni viny a problémy, jako je problém méfeni, jen na okamzik,
ale vzhledem k dobfe formulovanému pohledu na to, co se fyzici snazi ud¢lat, kde byste
feknéme, Ze jsme prave dnes s kvantovou mechanikou, uh, to je skvéla a rozsahla otazka, uh,
takze chci fict, ze jsem primarné filozof, takze jsem ja Mam takovy pohled na véc, uh, takze si
to neberte osobn¢, kdyz feknu néco, co vy ne. Nelibi se mi to, ale myslim, Ze je to ve
skute¢nosti opravdu vzrusujici doba, protoze vidime ptesné ta omezeni modeld, se kterymi
pracujeme uz témérf stoleti, ted’ myslim, ze 100. vyro¢i kvantové mechaniky je v roce 2025 a
stale jsou tu hadanky vytrvalé hadanky o tom, co ehm, jak matematika skute¢né mapuje svét a
jak vysvétlit spoustu dat, kterd mame, ehm, a to se jesté vice ukaze, kdyz se dostaneme na
velmi malé méfitko, kde je naSe velmi dobfe potvrzena teorie obecna teorie relativity jiz
nesedi s nasi velmi dobie potvrzenou teorii kvantovych poli a tak dale, uh a tak a Planckovou
stupnici jen proto, abychom vam lidem poskytli pfedstavu, jak malé to je 1032 cm je &islo,
které ¢asto kopime takZe je to fantasticky malé, jo, mimofadné malé, ehm, ale nevim, v noci
m¢é to nenechéva spat, kdyz si pomyslim, Ze tyto dvé teorie nehraji dobfe na této trovni um,
ale je to vzrusujici doba pro filozofa s fyzikou Skoleni, protoZze mezi filozofy a fyziky je vétsi
zapojeni, protoze mluvime o teoriich kvantové gravitace a teoriich kvantovych teorii pole a
tak dale, Ze ne kazdy z nich je empiricky testovatelny, nebo jsme alespon nepfisli na to, jak
nebo moznd mozna v principu testovatelné, takze nékteré z toho jsou otazky, jak brilantni je
inZenyrstvi

(03)- clever we can get about shielding our systems from external fields and so on um but
part of it is just asking can we have a broader notion of what evidence we might look for can
we think about for instance whether there are systems we understand very well in a different



realm of physics like hydrodynamics or something that might yield insights into how
Quantum gravitational systems might work but how do you an analyze the science of a
analogy right how do you know when the explanation from this one field that's well known
whether it's really saying something about this other unknown uh bit of the world or whether
it's just biasing the way you're describing the narrative that you're telling about the world and
it can go both ways sure so so getting in a little bit to the details in the background in the
Newtonian picture if | tell you the initial conditions you know the the speed and the location
from which a ball say is thrown the velocity to be more precise Newton tells us where it will
land and quantum mechanics comes along and says that's not the case right so in quantum
mechanics there are many locations where say an electron could land given the same initial
conditions and that leads to this idea of a probabilistic description of the world where you
don't say where it's going to land you just give the probabilities of where it might be so one
way that that scientists were taken to this picture of matter is of course with the famous
double slit experiment where you know you're firing particles at a barrier with two slits you'd
think that the particles would land on the detector screen in two lines that are aligned with the
two openings but when you actually do the experiment of course as we now know for over a
hundred years you don't find just two lines on the detector screen in fact you find many lines
many bands in a very particular pattern which scientists were able to explain by thinking of
particles as waves and as the waves hit the two openings and they carry on they crisscross and
they interfere with each other and through that interference we get a pattern just as in the data
if we interpret of course the waves as waves of probability where the wave is Big many of the
particles will land where the wave is small very few will land so this this now takes us to this
this new paradigm that particles matter should be described as undula waves of probability
did it take people a long time to accept that change because | would consider that | mean we'll
talk about other things but that's like the dominant new idea that comes into the story well
Brian I'd argue that there are many people who still haven't accepted that what we what
guantum mechanics are saying is that we have a an irrevocably probabilistic Universe um and
so there are many interpretations that are offered of this mechanics there are supposed was to
fill this Gap explain why it is that the formalism that's sort of shared amongst the
interpretations the sort of core bit of explanatory work maybe what you read in your quantum
mechanics textbooks which you all have at home and we'll study later this evening right um
but H the story there is that yeah we get we get we have the born rule which is this rule that
tells us how what sort of probability to expect which outcomes yeah but no thoroughgoing
causal story of how we get from point A to exactly point B A well- Defined localized spot or
measurement and that that that story that you're referring to would start with this new
probabilistic idea electron 30% here 22% there 19% there and so forth go from that which we
don't experience somehow transitioning to when we measure the electron we find it at one
location it's a kind of schematic representation where the height of this wave is meant to
indicate you know the likelihood of the particle being at one location or another that's the
story that we don't experience but then we go and measure that electron let's just do it together
3 2 1 measure that electron oo wow that felt very powerful to do that but now the probability
has spiked because now we've measured the electron we know it's at that particular location
how in the world do we go from this weird probabilistic description upon measurement to a
definite outcome well | uh that is a deeply unfair question he's asking me to resolve the
interpretation problem for you um and you know or even just tell us why it's so hard yeah well
um so first of all 1 just want to clarify something a little bit I mean it's true that at the
macroscopic level of cables and chairs and other people we do see what look to be definite



outcomes but if you're doing measurements on smaller systems you do you can measure what
are called interference terms and we call those sort of the residue of the wav like features of
those systems uh and so they're there and we're getting better at testing like keeping

(03)- chytie dokaZzeme ochranit nase systémy pied vnéj§imi poli a tak dale, ale z¢asti je to
jen otazka, zda miZzeme mit $ir$i pfedstavu o tom, jaké diikazy bychom mohli hledat, mizeme
naptiklad pfemyslet o tom, zda existuji systémy, které velmi dobfe rozumét v jiné sféie
fyziky, jako je hydrodynamika nebo néco, co by mohlo ptinést vhled do toho, jak mohou
fungovat kvantové gravitaéni systémy, ale jak spravné analyzovat védu o analogii, jak vite, Ze
vysvétleni z tohoto jednoho oboru, ktery je dobfe zndmy at’ uz to opravdu tikd néco o tomto
dalsim nezndmém kousku svéta, nebo jestli je to jen zaujaty zptisob, jakym popisujete
vypraveéni, které vypravite o svéte, a mize to jit jisté obéma sméry, takze se trochu zapojte
detaily v pozadi na newtonském obrazku, kdyz vdm feknu pocate¢ni podminky, znate rychlost
a misto, odkud je koule vrZena, ptesnéji fe€eno, Newton ndm tfekne, kde ptistane a ptijde
kvantova mechanika a tik4, Ze to tak neni, takze v kvantové mechanice existuje mnoho mist,
kde by elektron mohl pfistat za stejnych pocatecnich podminek, coz vede k této mysSlence
pravdépodobnostniho popisu svéta, kde netikate, kde ptistane s vami jen uved’
pravdépodobnost, kde by to mohlo byt, takze jednim ze zpiisobii, jak byli védci piijati k
tomuto obrdzku hmoty, je samoziejmée slavny experiment s dvojitou stérbinou, kde vite, Ze
vystrelujete ¢astice na bariéru se dvéma Stérbinami, o kterych byste si mysleli, Ze ¢astice by
dopadly na obrazovku detektoru ve dvou fadcich, které jsou zarovnany se dvéma otvory, ale
kdyZ experiment skutecné provedete, jak uz vime vice nez sto let, ve skute¢nosti nenajdete na
obrazovce detektoru pouze dva fadky, najdete mnoho ¢ar, mnoho pasem ve velmi konkrétnim
vzoru, ktery védci dokazali vysvétlit tim, Ze Castice povazovali za viny a jak viny nardzeji na
dva otvory a pokracuji, kiizuji se a vzajemn¢ se interferuji a prosttednictvim této interference
dostavame vzor stejné jako v datech, pokud samoziejmé viny interpretujeme jako viny
pravdépodobnosti, kde je vina velka, mnoho ¢astic pfistane tam, kde je vina mald, velmi malo
piistane, takZe toto nas nyni zavede k tomuto novému paradigmatu, ze ¢astice hmoty by méla
byt popséna jako vinité viny pravdépodobnosti. Trvalo lidem dlouho, nez piijali tuto zménu,
protoze bych uvazoval, Ze myslim, ze budeme mluvit o jinych vécech, ale to je jako
dominantni nova mySlenka, ktera do ptibéhu vstupuje dobte Brian I' Tvrdim, Ze existuje
mnoho lidi, ktefi stale nepfijali, Ze to, co fikdme kvantovou mechanikou, je, ze mame
neodvolatelné pravdépodobny vesmir, a tak existuje mnoho interpretaci této mechaniky, o
kterych se predpoklada, Ze to maji vyplnit. Gap vysvétli, pro€ je to tak, Ze formalismus, ktery
je tak trochu sdileny mezi interpretacemi, ten druh zékladni ¢asti vysvétlujici prace, mozna to,
co Ctete ve svych ucebnicich kvantové mechaniky, které¢ mate vSichni doma, a budeme je
studovat pozd¢ji vecer, zZe jo, ale H pfibéh je takovy, ze ano, dostaneme, madme zrozené
pravidlo, coz je toto pravidlo, které nam fika, jaky druh pravdépodobnosti ocekavat jaké
vysledky ano, ale Zadny podrobny kauzalni ptibéh o tom, jak se dostaneme z bodu A ptesné
do bodu B A dobie- Definované lokalizované misto nebo méfeni a Ze ten ptib¢h, na ktery
odkazujete, by zacinal touto novou pravdépodobnostni myslenkou elektron 30 % sem 22 %
tam 19 % tam a tak dale, pfechdzime od toho, co n¢jak nezazivame, kdyz zméite elektron,
ktery najdeme na jednom mist¢, je to jakési schematické zndzornéni, kde vyska této viny ma
naznacovat, ze znate pravdépodobnost, Ze ¢astice bude na jednom nebo druhém misté, to je
ptibéh, ktery nezazijeme, ale pak jdi a zméf ten elektron, udélejme to spolecné 3 2 1 zméf ten
elektron oo wow, zdalo se mi to velmi silné, ale nyni pravdépodobnost vzrostla, protoZe nyni



jsme zméfili elektron, o kterém vime, ze je na tomto konkrétnim misté, jak na svété prejdeme
od tohoto podivného pravdépodobnostniho popisu po méteni k definitivnimu vysledku dobfe,
uh, to je hluboce nespravedliva otdzka, zdda me, abych za vas vyfesil problém s interpretaci, a
vy vite, nebo nam dokonce feknéte, proc je to tak tézké? Nejprve bych chtél néco trochu
objasnit, myslim tim, ze je pravda, ze na makroskopické trovni kabelt a zidli a dalsich lidi
vidime, jak vypadaji, aby byly definitivni vysledky, ale pokud provadite méfeni na mensich
systémech, ano dokéze méfit to, Cemu se fikd interferencni terminy, a my nazyvame takové
zbytky funkci podobnych wav téchto systémi, a tak jsou tam a my se zlepsSujeme v testovani,
jako je udrzovani

(04)- interference terms coherent to higher and higher levels so the idea is if we had really
brilliant uh engineers and really good shielding we could send an elephant through a double
slit experiment and see the elephant sort of give us a a interference pattern on screen um but
the idea is that the appearance of the classical world and definite outcomes we have a pretty
good physics story for how that works and it involves what's called Quantum decoherence and
it's basically that the entanglement of two systems um it's a way there's a way that they can
communicate with one another once they're entangled uh and if you're in an environment with
many many uh degrees of freedom ways of being that's sort of a poetical way to put it |
suppose uh many parameters then those can sort of damp the interference terms down if they
become entangled with you and so those waves the wave Peaks that might give rise to a
smeared cat that's dead and alive or something get damped down so that we'd have to do
measurements over many lifetimes of the universe before we might see something non-
classical looking so this is possibly an explanation for why it is that the weirdness of quantum
mechanics doesn't come up to the macro macro world ofaction you have the catons arec off of
it you're maybe petting all those interactions affect the quantum description of the cat and and
the idea of this Quantum decoherence is those interactions tend to suppress the very parts of
quantum probability that are at odds with our experience which is why our experience is as as
it is yeah | mean is that widely accepted perspective now would you say well it should be
because it's right um but in fact I think to be to be less flippant about it um those who are
working seriously on realist interpretations of quantum mechanics will all use decoherence to
explain a huge chunk of their story and then they'll bring in either a spontaneous collapse of
the wave function to get from Mostly damped interest which is kind of what we saw in that
little example that's what that you know or you could say that many universes come out of it
and you'll hear more about these different things later on um but yeah uh | want to say that
those interferance terms are still there and there are there are experiments done where we can
recover these terms and in fact our whole hope of building quantum computers that are you
know powerful enough is that these Quantum cubits are in entangled states with one another
and that's how we get more than zero and one as our values and we have a more powerful
more expressive machine but entanglement gets destroyed by decoherence the whole game in
building quantum computers is to Shield it from this very thing that hides the quantumness as
it were now you mentioned the word entanglement a couple times and uh it'd be great to
spend a little bit of time talking about that so you've actually written on the history of this idea
| mean just give us a thumbnail sketch going back say to to 1935 maybe that's a good year to
focus upon we can scoot a bit back further I mean so something that you learn when you look
at the history of physics is not only that there aren't Geniuses sitting alone in a room
somewhere even Heisenberg on Helgoland | know I'm sorry to break it to you they're in



communication with one another they're bouncing ideas off Schrodinger was having many
conversations in 26 27 uh about the nature of his wave function he published a series of
papers in 1926 exploring what the wave function could do for Quantum systems uh but he
was still troubled and you see in his notebooks were which are written in a cryptic German
shorthand uh so a lot of fun to decode um if anybody feels like doing a puzzle later on there
are still some notebooks to be translated but he starts thinking like there's this strange feature
of uh interacting systems in quantum mechanics that doesn't appear elsewhere and we see him
talking about this and he sends letters back and forth with Einstein in 1935 um exploring this
concept more and at the end of 1935 he publishes a paper in which he baptizes this strange
interconnectedness of systems such that even when they've ceased to interact they still cannot
be described without making reference to that other system so our Notions of Newtonian
individuality where I can give you the list of properties that belong to this thing and it belong
that state belongs to this object um if this is entangled with other stuff | can't write down a
state of its properties all by itself it's instead uh | have to describe it by making reference to all
these other um and he calls it entanglement uh so it gets named for the first time by schinger

(04)- interferen¢ni terminy koherentni s vy$8imi a vy$§imi Grovnémi, takze myslenka je
takova, ze kdybychom m¢éli opravdu brilantni inZenyry a opravdu dobré stinéni, mohli
bychom poslat slona experimentem s dvojitou Stérbinou a vidét, jak ndm slon dédva na
obrazovce interferen¢ni obrazec hm, ale myslenka je, Ze vzhledem ke klasickému svétu a
definitivnim vysledkiim mame docela dobry fyzikalni ptib¢h o tom, jak to funguje, a zahrnuje
to, Cemu se fika kvantova dekoherence a v podstaté¢ jde o to, Ze propleteni dvou systéml um,
je to zpusob, jak mohou spolu komunikovat, jakmile jsou zapleteni, a pokud jste v prostiedi s
mnoha a mnoha stupni svobody zptsobu byti, je to tak trochu poeticky zptsob, jak to vyjadrit,
predpokladam, uh, mnoho parametrti, pak mohou byt trochu vlhké rusivé ¢leny se snizi,
pokud se do vas zapletou, a tak ty viny, vrcholy vin, které by mohly déat vzniknout rozmazané
kocce, ktera je mrtva a zZiva, nebo néco, se utlumi, takze bychom museli provadét méteni v
pribéhu mnoha zivotl vesmiru predtim mtizeme vidét néco neklasicky vypadajiciho, takze
toto je mozna vysvétleni, pro€ je to tak, ze podivnost kvantové mechaniky se neprojevuje v
makromakro svété akcniho svéta, mate z néj katony, mozna vSechny ty hladite. Interakce
ovliviiyji kvantovy popis kocky a mySslenka této kvantové dekoherence spociva v tom, Ze tyto
interakce maji tendenci potlacovat ty ¢asti kvantové pravdépodobnosti, které jsou v rozporu s
nasi zkuSenosti, coz je diivod, pro¢ je nase zkuSenost takova, jaké je. Nyni Siroce piijimana
perspektiva, fekli byste dobie, ze by to mélo byt, protoze je to spravné, ehm, ale ve
skute¢nosti si myslim, Ze byt v tom méné ukecany um ti, kteti vazné pracuji na realistickych
interpretacich kvantové mechaniky, budou vSichni pouzivat dekoherenci k vysvétleni
obrovského mnozstvi jejich ptibéh a pak pfinesou bud’ spontanni zhrouceni vinové funkce,
aby se dostali z Vétsinou tlumeného z4jmu, coz je druh toho, co jsme vidéli v tom malém
ptikladu, to je to, co znate, nebo byste mohli fici, Ze z toho vzeslo mnoho vesmirt a o téchto
ruznych vécech uslysite vice pozdéji, ale ano, uh, chci fict, Ze ty interferenc¢ni ¢leny jsou stéle
tam a jsou provedeny experimenty, kde miizeme tyto terminy obnovit a vlastn€ celou nasi
nadéji na stavbu kvantovych pocitact vite, Ze dostatecné silné je to, Ze tyto kvantové lokty
jsou ve vzajemném propleteném stavu, a tak ziskdme vice nez nula a jedna jako naSe hodnoty
a mame vykonnéjsi a vyraznéjsi stroj, ale propleteni se nic¢i dekoherenci celé hry. Budovani
kvantovych pocitacii je chranit to prave pred touto véci, ktera skryva kvantovost, jak tomu
bylo nyni, parkrat jste zminil slovo zapleteni a uh, uh, uh zo je co?, bylo by skv¢lé stravit



trochu Casu tim, Ze o tom budete mluvit, abyste skute¢n¢ napsali o historii této myslenky mam
na mysli, dejte ndm nacrt v ndhledu, feknéme do roku 1935, mozna je to dobry rok, na ktery
bychom se méli zaméfit, miizeme se posouvat trochu déle, myslim néco, co se naucite, kdyz
se podivate na historii fyziky nejde jen o to, ze nékde v mistnosti nesedi sami géniové,
dokonce i Heisenberg na Helgolandu, Vim, Ze je mi lito, ze vam to musim oznamit,
komunikuji spolu, odrazeji napady od Schrodingera vedl mnoho rozhovori 26 27 uh o povaze
jeho vlnové funkce publikoval v roce 1926 tadu ¢lankt, v nichz zkoumal, co mtize vinova
funkce udélat pro kvantové systémy, ale stale se trapil a v jeho zapisnicich vidite, Ze byly
pséany tajuplnou némeckou zkratkou uh takze je to hodné zabavné dekodovat, ehm, pokud ma
n¢kdo pozdéji chut’ délat hadanku, stale jsou tu n¢jaké sesity k piekladu, ale on si za¢ne
myslet, ze existuje takova zvlastni vlastnost interagujicich systému v kvantové mechanice,
kterd se jinde neobjevuje a my vidime mluvi o tom a v roce 1935 posila dopisy s Einsteinem
sem a tam, kde tento koncept vice prozkoumava, jaky koncept??, a na konci roku 1935
publikuje ¢lanek, ve kterém kiti tuto podivnou propojenost systému tak, Ze 1 kdyz spolu
prestaly interagovat, kdo prestal? stale nelze popsat bez odkazu na tento jiny systém, takze
naSe piedstavy o newtonovské individualité, kde vdm mohu poskytnout seznam vlastnosti,
které patii této véci a patii, ze tento stav patii tomuto objektu um, pokud je to zapleteno s
jinymi vécmi, co je zapleteno? A jak se ,,co” zapléta? mohu nezapisuj si stav jeho vlastnosti
uplné sdm od sebe, misto toho to musim popsat odkazem na vSechny ty ostatni a on tomu fika
zapleteni cemu zika ,,zapleteni*? uh, takze to poprvé pojmenuje Schinger

(05)- the end of 1935 but the ideas in the air and it's being talked about by Schrodinger and
Einstein and a uh philosopher of physics Greta Herman and others so it's floating but nobody
really wants to accept it and | think we even have a quote Yeah of uh shinger but you
probably know it by heart but I would not call that referring to entanglement one but rather
the characteristic trait of quantum mechanics that's this notion that you can have two things
that are not next to each other yep and yet you can't describe either independently of the other
very very strange idea we're used to a world that's sort of local right what happens here
happens here and you don't need to think about stuff over there to describe what's happening
over here and then in 1935 Einstein writes a a curious paper on this which you've written
about yeah uh well Einstein had less to do with the writing than he would have liked but he
co-authored a paper with Podolski and Rosen uh and Podolski wrote it uh yes can Quantum
yeah can quantum mechanical descriptions of physical reality be considered complete um and
people have spent a lot of ink trying to get clear on what The Logical problem or Paradox is
there but in a letter to schoder Einstein says very clearly like aside from what's printed in the
paper my issue is that you schinger your wave function doesn't which is that spread out blue
probability Wave Y doesn't tell me like which state will come out in the end for a given
system that | measure and Einstein's thinking that all these physical systems in the world even
if they're quantized or whatever have little flags on their heads with a list of properties that
follow them around but with Schrodinger's new mechanics uh it looks like there's a way that
the flag has other properties of other systems and | can't predict my flag sort of depends on
your flag if we're entangled in this way and and that | can't give a complete description uh at
the beginning of my experiment which wave function will end up describing uh one system at
the beginning there are multiple mathematical descriptions of the final project and he wants a
one toone correlation can we give a concrete example | think many people are are familiar at
least at one level or another but uh before we show any visual we'll use the so-called spin a



half particle it's a technical term but basically I think as many people know every particle in
the world spins around at a fixed nonchanging rate but that rate can be either spinning
clockwise or counterclockwise we call one spinning up the other spinning down this is a
known fact about particles but in the quantum World much as the cat can be sort of part dead
and part alive the electron can be sort of partly here and partly there this spin a half particle
can be in a blend of up and down at the same time cuz we just see an example of a single
sitting there we go right so again much as measuring the position you can measure the spin so
if we can do that together 3 2 one measure there it is right and it happened to come out up in
that case but if you let it another example if we can just do it have that guy going let me do it
this time you got it | don't know if you got the power but try it three two one ah you do look at
that Fant fantastic now that's weird enough right because this is the example that you began
with by saying you know you've got this probabilistic Haze of possibilities and upon
measurement somehow one is selected that's weird but let's accept it okay because now we
want to talk about what you were focusing on a moment which is entanglement and to do that
let's bring up two of these particles that have been set up and I'll let you do the honors so why
don't you measure just the particle on the right don't touch the particle on the left okay 32 1
very well done sound that time okay so the point is by measuring the particle on the right and
getting it to have a definite quality you force the particle on the left to have a definite quality
that's the correlation which is weird right Einstein called that spooky right well spooky
because we have to imagine these guys are so far apart on the opposite ends of the universe
yeah they couldn't have sent a signal to one another say hey particle one I'm going to be spin
up so how about you be spin down yeah so there there's no signaling theorems that show that
quantum mechanics these separate uh measurements correlate to a higher degree than we can
explain classically and we call that non-locality and that that is in many ways a signature of
entanglement of these systems and they're not talking to each other uh so how does it happen
I'm so glad I'm asking the questions you'll have to attend one of my courses where we'll solve
for you h no | yeah we there's much we don't know about entanglement and different people
will Define entanglement differently and in fact many of the experiments that we've done uh

(05)- konec roku 1935, ale myslenky jsou ve vzduchu a mluvi o nich Schrodinger a Einstein
a ehm filozofka fyziky Greta Herman a dalsi, takZze se [t0| vznasi, co to je to ,.,to*? ale nikdo
ve skute¢nosti nechce pfijmout a myslim, Ze dokonce mame quote Yeah of uh shinger, ale ty
to asi znas$ nazpamét’, ale nenazval bych to odkazem na zapleteni ??? jedna, ale spise
charakteristicky rys kvantové mechaniky, to je , 7e muze$ mit dvé véci, které nejsou
vedle sebe jo a pfesto ty neumim popsat ani jedno nezavisle na dalsi velmi zvlastni myslence,
jsme zvykli na svét, ktery je svym zptusobem lokalni, co se déje tady, déje se tady a nemusite
myslet na véci tam, abyste popsali, co se déje tady a pak v roce 1935 o fem ,,0 tom*?
Einstein napsal zvlastni ¢lanek, o kterém jste psali, ano, uh, Einstein mél s psanim mén¢
spole¢ného, nez by si pial, ale byl spoluautorem ¢lanku s Podolskim a Rosenem a Podolski to
napsal, ano, miiZze Kvantové ano, mohou byt kvantové mechanické popisy fyzické reality
povaZovany za uplné um a lidé utratili spoustu inkoustu, aby si ujasnili, v ¢em je logicky
problém nebo paradox, ale v dopise Schoderovi Einstein fika velmi jasné, jako kdyz kromé
toho, co je vytiS§téno v muj problém je, Ze Schinger svou vinovou funkci nedéla, co to je
,délat vinovou funkci... coZ je ta rozprostiend modra pravdépodobnost Vina Y mi netika,
jaky stav nakonec vyjde pro dany systém, ktery métim, a Einsteinovo mysleni, Ze v§echny



tyto fyzické systémy na svété, 1 kdyz jsou kvantované nebo cokoli jiného, maji na hlavach
malé vlajky se seznamem vlastnosti, které je pronasleduji, ale se Schrédingerovou novou
mechanikou to vypada, ze existuje zpusob, ze vlajka ma jiné vlastnosti jinych systémt a
Nemohu piedvidat svou vlajku, zavisi [to| co na vasi vlajce, pokud jsme takto zapleteni, kdo
s ¢im (a proc) a ze na zacatku svého experimentu nemohu poskytnout tplny popis, ktera
vlnova funkce nakonec popise uh jeden systém na Na zacatku je n¢kolik matematickych
popist kone¢ného projektu a jon| kdo on? chce jednorazovou korelaci, mizeme dat konkrétni
ptiklad, myslim, Ze mnoho lidi je obezndmeno alespon na té ¢i oné Grovni, ale nez ukazeme
jakykoli vizual, pouzijeme takzvanou rotaci polovicni Castice je technicky termin, ale v

Ci ; spin pevnou
neménnou rychlosti, ale tato rychlost se mize otacet bud’ ve sméru hodinovych ruc¢i¢ek nebo
proti sméru hodinovych rucicek, nazyvame jednu rotaci nahoru druhou rotujici dola to je
znamy fakt o Casticich, ale v kvantovém svéte, stejné jako kocka miize byt z¢asti mrtva a
z€asti ziva, elektron mize byt zCasti zde a zCasti tamto rotace miize byt poloviéni Castice ve
smeési nahoru a dolti soucasné protoze vidime piiklad jediného sezeni tam jdeme spravng,
takze opét stejné jako méteni polohy muzete zméfit rotaci, takze pokud to dokazeme spole¢né
3 2 1 mira, je to spravné a nahodou to pfislo v tom piipadé, ale kdyz to nechas, dalsi ptiklad,
jestli to prosté dokazeme, nechej toho chlapa, at’ to udélam, tentokrat to mas, nevim, jestli
mas silu, ale zkus to tfi dva jedna ah ano podivej se na toho fanta fantastického, to je dost
divny, protoze tohle je piiklad, se kterym jsi zacal tim, Ze jsi fekl, ze vi§, Ze mas tento
pravdépodobnostni opar moznosti a pti méteni se né¢jakym zptisobem vybere jedna, ktera je
divna, ale pfijméme to v poradku, protoze ted’ chceme abychom mluvili o tom, na co jste se
soustiedili na okamzik, ktery je zapleteni, ??? a k tomu vyvolejte dvé z té€chto Castic, které
byly nastaveny, a ja vas nechdm vyznamenat, tak pro¢ nezmeéftite jen ¢éstici na vpravo
nedotykejte se ¢astice nalevo dobie 3 2 1 velmi dobfe udélany zvuk ten ¢as dobte, takZze jde 0
to, Ze zméfite Castici a docilite, aby méla urcitou kvalitu, pFinutite ¢astici
aby m¢la jista kvalita, to je ta korelace, kterd je divna, spravné Einstein nazval to str351delne
pravo dobfe straSidelné, protoze si musime piedstavit, Ze tito kluci jsou tak daleko od sebe na
opacnych koncich vesmiru, teoreticky na papire fyzika, nikoliv v realité¢ jo, nemohli si
navzajem poslat signal, fekni hej Eastice jedna, budu se toéit nahoru, tak co kdybys m ty se
toc¢ila doli jo, takze neexistuji zadné signalni teorémy, které by ukazovaly, ze kvantova
mechanika tato oddélena méteni uh koreluji do vyssi miry, neZ mizeme klasicky vysvétlit a
fikame tomu nelokality Bude-li Vesmirem ptidélena ¢astici VLASTNOST Ze boudou napf.
v parech (bild s ¢ernou, kladna se zapornou, levotofiva s pravotocivou, atd.) pak prosté se
musi dle takové vlastnosti chovat. Nebude pak divu, ze mam-li v ruce ¢astici >studenou<, ze
nekdo bude k ni parova ¢astice >horka<, ale pro¢ ma byt ta druha zrovna na konci vesmiru?
Anebo kdyz zni¢im fastici studenou, pro¢ ma zaniknout také fastice horka, nékde?? ato to je
v mnoha ohledech podpis zapleteni toto nazyvate zapleteni? téchto systému a oni spolu
nemluvi, tak jak se to stalo. Kde se ,,co* stalo? Jsem tak rad, Ze se ptam na otazky, které
budete muset navstivit na jednom z mych kurzii, kde jsme vyfesim za vas h ne ja ano my je
toho hodné¢, co o zapleteni nevime a hodné toho nevime 1 o Certech v Pekle... a rtizni lidé
budou [zapleteni definovat] 22 Budete definovat néco co neexistuje? Proc? Jinak, a ve
skutecnosti mnoho experimentd, které jsme provedli uh




(05)- looking for these non-classical correlations are Bell type experiments uh to to show
that Bell's inequalities are violated by that's something talk about it a little bit in the next
conversation but yeah but they they they look at two systems separated in space but of course
we live in 4D or more as you like um and so what's really happening these measurements are
not just across space but they're also at different times yeah technically right sure and so
entanglement is a property of space and time and so there are these really clever experiments
being done to think about the temporal aspects of entanglement um because you can
understand maybe there's some spooky whatever connection between things at at a spatial
difference but how could it be that through time they're communicating so in fact there's uh |
think you might have a slide yes I think can can we bring up uh at leis yes so tell us what
we're looking at here so this is roughly based on an what's called an entanglement swapping
experiment and it was done at Hebrew University in 2012 2013 but basically you're looking at
you see particles one and two are entangled photons just like we just you know did our little
experiment with so if you follow their trajectories entanglement or let's see so one and two get
entangled but then we measure one we Kill it off right but we send two when you say kill it off
you mean you've now changed its properties through this measurement absorb the particle or
whatever yeah yeah so | mean Schrodinger's equation is deterministic so it's you know
classical in a sense that it gives us values for all but as soon as we do a measurement it Kicks
that uh that EV Evolution out of unitarity but um Okay so do a measurement so we can't say
you know anything further about two we send bouncing around on all these mirrors here for a
bit so just forget about two you know U meanwhile at T3 here time three we create two more
entangled particles three and four and we do a special measurement at two and three it's called
a bell type measurement and it just does something called flips the entanglement it takes the
entanglement from one and two and flips it onto two and three so the entanglement one and
two and the entanglement of three and four gets swapped onto two and three but then we take
four and we finally later on do a measurement of four now what's interesting is look at
particle two over there he lived between T1 and T2 sorry particle one lived between T1 and
T2 and then died and over here we have particle four which lived between T3 and T5 so in the
lab frame of reference particle one and particle four never coexist and yet they measured um
polarization angles that are non like spins spin that are non-classically described so they were
entangled this particles that never lived at the same time nevertheless knew what values they
should manifest such that they would violate classical statistical correlations and that's pretty
uh cool that's kind of that's kind of crazy if any classical Reckoning um and and so what is
this I mean it's still very much a story in the making but just in our last couple minutes here
what do you make that this is telling us I mean is this giving us deep insight into the nature of
SpaceTime some kind of entangled quality which other areas of physics have certainly been
suggesting absolutely I think it that entanglement really forces us so the line after
schrodingers the finishing of that sentence is not it's just one but the and the is supposed to be
italicized in the original the um description that forces our entire departure departure from
classical lines of thought our minds are still here's a physical object It's relatively isolated |
can list its properties and those properties belong to that system yeah we just can't think like
that anymore because entanglement showing us that how we Define systems uh there can be
properties attached to those systems that don't obey the usual uh stories but then you can think
that the story | told before about you know when we did our clapping and we got the
entangled so and then 1 just showed you entanglement in time but we're still talking about
polarization or spin a property being entangled over SpaceTime but there's this further
question that if SpaceTime is quantized as many think it is then SpaceTime itself could be in



entanglement relationships and that is pretty cool also um and I think maybe there's another
image that can show up yeah let's at least final image if you would yeah so | mean we don't
think of SpaceTime as a physical object like you know a Rubik's Cube mini block or
something it's clearly not that kind of substance but it ain't nothing okay even Newton
understood that SpaceTime was some kind of substance not like a material body uh not just a
force the spinning bucket of water is how we got to that conclusion but yes right and so um
there's a way if SpaceTime can be curved so it can have properties right right then surely it

(05)- hledani téchto neklasickych korelaci jsou experimenty Bellova typu, které maji ukazat,
ze Bellovy nerovnosti jsou poruseny tim, o tom se trochu mluvi v pfi$tim rozhovoru, ale ano,
ale oni se divaji na dva systémy odd¢lené ve vesmiru, ale samoziejmeé zijeme ve 4D nebo
vice, 3+3D jak chcete, a tak to, co se skute¢né déje, tato méfeni nejsou jen napii¢ prostorem,
ale jsou take v riznych ¢asech, ¢imz mate na mysli rizna tempa plynuti ¢asu, ano ???? ano,
technicky spravng, jisté, takze zapleteni je vlastnost prostoru a ¢asu No, nevim jak to myslite
vy, ale tento vyrok je témét shodny s mou HDV, s mou vizi o stavbé hmoty, o ,,balickovani*
dimenzi 3+3 do malych klubicek, které pak nasledn¢ budou realnym vyrobkem mikrosvéta tj.
budou to elementarni ¢astice hmoty. Cili, mam tomu rozumét tak, Ze vase ,,zapleteni® je
,balickovani dimenzi???...777...777 a tak tam d¢laji se tyto opravdu chytré experimenty, aby
ptemyslely o asovych aspektech zapleteni, h, takze vase zapleteni neni moje balickovani ,
pouze tu mame podobna slovacka s totalné odlisSnou predstavou ,,co to je* protoze miiZete
pochopit, Ze mozna existuje néjaké strasSidelné spojeni mezi vécmi v prostorovém rozdilu, ale
jak je mozné, ze ¢asem komunikuji, takZe ve skute¢nosti existuje, uh. Myslim, ze byste mohli
mit snimek ano, myslim, Ze miizeme vyvolat uh na slide ano, tak nam feknéte, na co se zde
divame, takze toto je zhruba zaloZeno na experimentu, kterému se fika experiment s vyménou
zapleteni ehm, moje zapleteni je zcela totaln€ néco jiného a tak bych se ja nerad s vami zapletl
do nesmyslIného zapleteni a byl proveden na Hebrejské univerzité v roce 2012, 2013, ale v
zéasadé se divas, vidis Castice jedna a dvé jsou zapletené fotony, stejné jako my, jak vis,
provedli na§ maly experiment, takze pokud budes sledovat jejich trajektorie, zapleteme se
nebo uvidime, Ze se ﬁedna adve zapletoul, ehm ale pak zmétime jeden zabijeme to spravne,
ale posleme dva, kdyZ feknes§ zabit, myslis tim, Ze jsi ted’ zménil jeho vlastnosti
prostfednictvim tohoto méfeni absorbuj ¢astici nebo cokoli, ano, ano, takZze Schrodingerova
rovnice je deterministickd, takze to znate klasické v tom smyslu, Ze ddva nam hodnoty pro
vSechny, ale jakmile provedeme méteni, nakopne to, Ze uh, ze EV Evolution je z unitarity, ale
um, tak udélejte méfeni, takze nemtizeme fict, ze vite nic dal$iho o dvou, které posilame
poskakovat po vSech téchto zrcadla opravdu se nechci zaplést do téchto Cilenosti a radéji
nebudu komentovat tady na chvili, takZe zapomerite na dvé vite U mezitim v T3 tady Cas tii
vytvorime dal§i dveé propletené Castice tfi a Ctyfi a ud€lame specidlni méteni ve dvou a ve
ttech nazyva se to méfeni zvonoveho typu a déla to jen néco tzv. pievrati zapleteni vezme
zapleteni z jedniCky a dvojky a piehodi ho na dva a tf1, takze zapleteni jedna a dva a zapleteni
tf1 a Ctyfi se vymeni na dva a tii, ale pak vezmeme Ctyfi a nakonec pozdé€ji provedeme méieni
co vlastné méfite 7?7 ze Ctyft je nyni zajimavé podivat se na ¢astici 2 tamhle zil mezi T1 a T2
promiii ¢astice jedna Zila mezi T1 a T2 a pak zemftela a tady mame cCastici Ctyfi, ktera zila
mezi T3 a TS, takze v laboratornim ramci referen¢ni ¢éstice jedna a Castice Ctyfi nikdy
koexistuji a pfesto zméFili um polariza¢ni thly, které nejsou jako spiny. Spin, které nejsou
klasicky popsany, takze byly zapletené tyto &astice, které nikdy neZily sou¢asné, presto)




, uauzasnéeé jaké hodnoty by mély projevovat tak, aby porusily klasické statistické
korelace a to je docela uh super, to je tak trochu blaznivé, pokud viibec né¢jaké klasické
Reckoning um a a tak co to je? Myslim tim, Ze je to stale hodné pfibéh ve vyvoji, ale jen v
naSich poslednich par minutach, co to délate to nam fika, chci fict, Ze nam to dava hluboky
vhled do povahy ¢asoprostoru??? Ja teda at’ vhledim jak vhledim hluboce, tak v tom podstatu
Casoprotoru nevidim a nevidim né&jaky druh zapletené kvality, kterou jiné oblasti fyziky jisté
naznacovaly, absolutné si myslim, Ze jnas zapleteni opravdu nuti, takze radek za
Schrodingerem dokon¢i tuto vétu neni to jen jeden, ale a mé byt v originale psano kurzivou
popis um, ktery nuti cely na§ odchod-odklon od klasickych myslenkovych smért, nase mysl
je stéle tady je fyzicky objekt. Je relativné izolovany. Mohu vyjmenovat jeho vlastnosti a tyto
vlastnosti patiime do toho systému, jo, prosté uz takhle nemtizeme myslet, protoze zapleteni
nam ukazuje, Ze jak definujeme systémy,?? k tém systémtm mohou byt ptipojeny vlastnosti,
které se netidi obvyklymi ptibchy, ale pak si mizete myslet, Ze ptibéh uz jsem o vas fekl, ze
vite, kdyZ jsme tleskali a zapletli jsme se|, takZe a pak jsem vam jen ukazal zapleteni v &ase],
ale stale mluvime o polarizaci nebo roztoc¢eni vlastnosti, ktera je zapletena do casoprostoru,
,,vlastnost™ je zapletena do éasoprostoru???l To jaksi neumim pochopit a¢ se hodné snazim ale
je tu dalsi otazka, Ze pokud je ¢asoprostor kvantovan, v mé vizi HDV ,plavou balicky
sbalenych dimenzi ( tj. celé konglomerace interakci) v rastru-siti-pfedivu ¢asoprostoru a jsou
s ¢asoprostorem ,,propleteny* http://www.hypothesis-of-universe.com/docs/c/c_418.jpg ;
http://www.hypothesis-of-universe.com/docs/c/c_426.jpg do n¢ho (bali¢ek
http://www.hypothesis-of-universe.com/docs/c/c_039.qif ) ( stavba uhlilu
http://www.hypothesis-of-universe.com/docs/c/c_120.jpg ), takze pak se jevi v tomto pohledu
casoprostor jako kvantovany..., ,,shluky* kfivych dimenzi zamotanych se tu jevi jako
>kvanta<, pficemz ty shluky jsou balicky dimenzi = elementarni fastice jak si mnozi mysli,
pak by samotny SpaceTime mohl byt v zapletenych vztazich a to je také docela v pohodé
um a myslim, Ze mozna existuje dalsi obrazek, ktery se mize ukazat ano, pojd'me alespon
koneény obrazek, pokud ano, tak myslim, Ze si nemyslime Casoprostoru jako fyzického
objektu, jako znate miniblok Rubikovy kostky nebo néco takového, zjevné to neni takovy
druh hmoty, ale neni to nic, v poradku,
néjaky druh hmoty, ne jako hmotné t&lo, ne jen sila togici se védro vody je zptisob, jak jsme k
tomuto zaveru dospéli, ale ano, spravné, a tak
Ano, tyto snahy vykladu o kfiveni aZ prokiiveni do balicka,
se uz blizi k mé ideji o stavbé hmoty ,,z dimenzi 3+3 Casoprostoru®. To je ten ohromujici
objev. !

(06)- can have if it's quantized the quantum property namely entanglement so it could be that
I've drawn these beautiful little arrows here to illustrate uh this little brick of SpaceTime and
I've compressed one of the dimensions you choose which uh and the other up over there could
be entangled such that well the nature of space and time are not a sign you know uh bodies
sitting in those places aren't sitting in a region of space it's mindboggling and I'm just
beginning to work on it so so it's a deep interconnection woven into the fabric of SpaceTime
itself in principle absolutely fantastic yeah please join me in thanking Elise PE thank you
thanks that was wonderful all right that was an enlightening tour of the basics of quantum
reality including the probabilistic nature of quantum physics the remaining mystery of how a
seemingly definite classical like world can emerge from one that is inherently quantum
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mechanical and finally the wonderful weirdness that so concerned Einstein but has now
become commonplace in our applications of quantum physics namely the non-local qualities
that arise from quantum entanglement and these are qualities that may well be at the heart of
how SpaceTime itself is stitched together all right with that quick summary | now encourage
you to continue your journey with our second conversation in this Quantum reality series with
our guest physicist Sean Carrol in which among many other things we will explore the many
world's approach to quantum mechanics
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(06)- muze mit, pokud je kvantovana, kvantovou vlastnost, jmenovité zapleteni, takze je
mozné, ze jsem sem nakreslil tyto krasné malé Sipky pro ilustraci této malé kostky
Casoprostoru a zkomprimoval jsem jednu z dimenzi, kterou si vyberete, kterou uh a ta druha
tam nahote by mohla byt zapletena tak, ze povaha prostoru a ¢asu nejsou znamenim, vite, uh
téla sedici na téchto mistech nesedi v oblasti prostoru, je to omracujici a praveé na tom
zadinam pracovat, takze je to hluboké propojeni vetkané do tkaniny samotného SpaceTime v
principu naprosto fantastickeé ano, pripojte se ke mné a podékujte Elise PE dékuji diky to bylo
uzasné, dobfe, to byla poucna prohlidka zaklad kvantove reality véetné pravdépodobnostni
povahy kvanta fyzika zbyvajici zdhada toho, jak se zdanlivé definitivni svét podobny
klasickému muize vynofit z toho, ktery je svou podstatou kvantové mechanicky, a nakonec ta
uzasna podivnost, kterd tak znepokojovala Einsteina, ale nyni se stala béZznou v naSich
aplikacich kvantové fyziky, jmenovité nelokalni kvality, které vyplyvaji z kvantové
provézanosti http://www.hypothesis-of-universe.com/docs/c/c_418.jpg ato jsou vlastnosti,
které mohou byt jadrem toho, jak je samotny SpaceTime propojen, v poradku s timto rychlym
shrnutim. Nyni vas vybizim, abyste pokracovali ve své cesté nasim druhym rozhovorem v této
sérii Quantum reality s nas§im hostujicim fyzikem Seanem Carrolem v které krom¢& mnoha
jinych véci prozkoumame mnoho svétovych piistupil ke kvantové mechanice
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