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(01)- [Music] in today's conversation I'm pleased to be speaking with Julian Barber who has
spent decades thinking about the Deep Mysteries surrounding the nature of time you may
know of him through his books that he's written among which we have the book The End of
Time the Janice Point these are wonderful treaties on the nature of time that are accessible to a
general person in the audience who's interested in these deep issues as well as informative to
the acting professional because in these books Julian really described some of his forfront
thinking on the nature of these issues so I'm so pleased to bring Julian into the conversation
welcome Julian how are you doing today I'm doing very well

Welcome to Julian Barbour

thank you Bri great pleasure to be talking to you thank you and and where are you at the
moment where are you
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joining us from I'm sitting in the in the middle of England about 20 mil north of Oxford in a
beautiful old house built in 1659 to bring time in exactly and and so this is where you have
done most of your research if | understand correctly is that right that's right yes uh I I've been
working away on this now in this house for over 50 years uh and and it's been a bit of a little
bit of a conference center I've had some very distinguished people here and some very fruitful
discussions some of the well-known people working in quantum gravity have been here um
Roger Penrose even has been a couple of times um no not Steven Hawking but uh it's been
wonderful and we have a little W | have a whiteboard up to my right and and we've had little
seminars here yeah it's beautiful you know | you know | went to to graduate school at Oxford
S0 D know that in environment well and before we get into our deep conversation about
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your work and the nature of time your own trajectory within the course of of
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Barbour's backgroundphysics and thinking about these ideas where did you go to school
and how what was the trajectory that took you to this beautiful Farmhouse oh that's a fabulous
bit of luck all told so about the age of 10 m was uh Blown Away by discovering astronomy
and from the age of 10 | wanted to be an astrophysicist that took me to study mathematics at
Cambridge then | started an astrophysics uh doctorate in in Munich in Germany um but I'd
gone there for a year first of all to to to learn Russian and German because | wanted to read
Russian Pushkin in in in Russian extraordinary uh and there 1 um and | started on this
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astrophysics PhD but then quite by chance | read about the one popular science article at the
great Quantum physicist Paul durak had written in the Scientific American in May 1963 in
which he had questioned whether four-dimensional symmetry is a fundamental feature of the
physical world he'd come to that conclusion from studying the dynamical structure of general
relativity as a dcal Theory not as a space-time Theory and that had led him to this amazing
conclusion and I read this and then | suddenly said to myself well what is time and I've never
stopped since then and uh | at about the same time | uh started reading and learning about an
Mark's ideas about the relativity of motion and also Mark's statement where he said it's utterly
impossible to measure the changes of

4:00

things by time quite the contrary time is an abstraction at which we arrive by means of the
changes of things uh and in fact my first scientific paper was giving mathematical expression
to that idea uh and then I had thought I would get a position at a university in this country
after in Britain after I'd got my doctorate uh but I talked to um a well-known relativist Felix
pirani and said what's it like like being an academic he said well if you're confident you can
do three things go for it and the three things are the administration giving the lectures and
producing one or two good uh Theory uh papers a year and when he said that | knew |
couldn't possibly do that because | was wanting to think about these really deep problems
what is time what is motion what is space and there was no way | was going to produce one or
two papers a year so uh by that purely by chance i' read an
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advertisement in nature for people who knew Russian science and English could produce
English to translate Russian scientific journals so they sent me a couple of trial things and
they said you can have as much work as you'd like so for 28 years | | earned my living by
translating Russian scientific journals uh but meanwhile that gave me about a third to a
quarter of my time to do what | wanted uh complete Freedom so then it was actually five or
six years before my first paper got published but then it was in nature and it attracted quite a
lot of interest and eventually led to a wonderfully fruitful collaboration with a very good
Italian theorist Bruno berotti well that's an extraordinary Story | mean it's interesting the three

(01)- [Hudba] v dnesnim rozhovoru mé t&si, Ze mohu mluvit s Julianem Barberem, ktery
stravil desetileti premyslenim o Hlubokych zahadach kolem povahy ¢asu, povaha casu, co to
vlastné je? MuzZete mi fici n¢kolik pfiklada?... které o ném miZete znat prostiednictvim jeho
knih, mezi nimiz médme kniha The End of Time the Janice Point to jsou tZzasné smlouvy o
povaze Casu, které jsou ptistupné obecnému publiku, ktery se zajima o tyto hluboké
problémy, a zaroven informativni pro herce, protoze v téchto knihach Julian skute¢né popsal
néktefi z jeho pfimych uvah 0 povaze téchto problému,?? takze jsem velmi rad, Ze mohu
ptivést Juliana do rozhovoru vitejte Juliane, jak se dnes mate, mam se velmi dobte. Vitejte v



destinaci Julian Barbour, dékuji. Bri, je mi potéSenim s tebou mluvit dékuji a kde jsi v tuto
chvili kde jsi
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piipojuji se k ndm z Sedim uprostied Anglie asi ‘20 mil severné od OXfordu‘ v krasném starém
domé postaveném v roce 1659, aby presné piinasel cas, a proto jste zde provedli vétSinu
svého vyzkumu, pokud tomu dobie rozumim je to tak spravné, ano, uh ja na tom ted’ pracuji v
tomto domé vice nez 50 let to je izasné, vim co fikam, sam pracuji na né¢em hodné
podobném 44 let. Tak vim a bylo to tak trochu konferen¢ni centrum, mél jsem zde nékolik
velmi vyznamnych lidi a nékolik velmi plodné diskuse. Nékteti ze znadmych lidi pracujicich v
kvantové gravitaci tu byli hm Roger Penrose dokonce n¢kolikrat byl hm ne ne Steven
Hawking, ale bylo to uZasné a mame trochu W.?? Mam bilou tabuli po mé pravici a a méli
jsme tady malé seminafe, jo je to krasné, vis ja vis, Ze jsem chodil na postgradualni Skolu v
Oxfordu, takze vim, ze v prostiedi dobfe a nez se dostaneme do naseho hlubokého rozhovoru
0
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vase prace a povaha ¢asu vase vlastni trajektorie v pribéhu Barbourova zakladni fyzika a
premysleni o t€chto myslenkéch, kam jsi chodil do Skoly a jaka byla trajektorie, ktera t&
zavedla na tento krasny statek, oh, to je bajecny kousek $tésti, to vSe bylo feceno o véku 10 let
D Byl jsem uchvécen objevenim astronomie a od 10 let jsem chtél byt astrofyzikem, coZ mé
ptivedlo ke studiu matematiky na Cambridge, pak jsem si nastoupil na doktorat z astrofyziky
v Mnichové v Némecku ehm, ale $el jsem tam na rok, abych se naucil rusky a némecky,
protoZe jsem chtél ¢ist ruského Puskina v rustin€ a mimotadna rustina a tam jsem s tim zacal
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PhD astrofyziky, ale pak jsem si zcela ndhodou ptecetl o jednom populdrné védeckém ¢lanku
velkého kvantového fyzika Paula Diraka, ktery napsal v Scientific American v kvétnu 1963 a
v némz se ptal, zda je ¢tyFrozmérna symetrie rozmért, tedy dimenzi veli¢in zékladnim
rysem fyzického svéta. DoSel jsem k tomuto zavéru studiem dynamické struktury obecné
relativity jako teorie dcal, nikoli jako teorie Casoprostoru, a to ho vedlo k tomuto Zasnému
zavéru a Cetl jsem toto a pak jsem najednou, ekl jsem si, dobie, a od té doby jsem
se nikdy nezastavil a pfiblizn¢ ve stejnou dobu jsem zacal ¢ist a ucit se o Markovych
predstavach o relativité pohybu a také Markové prohlaSeni, kde tekl, Ze

= je naprosto nemozné mérit zmény
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véci ¢casem,

= \naopak Cas je abstrakce, ke které se dostdvdme pomoci zmén véci \ To je zajimavé ; sedim u
pocitace a uz 10 minut rozjimam co je spravné...; premyslim a zd4 se mi, ze plati oboji...,
zmény véci se d¢ji nepretrzité a zmény tempa plynuti ¢asu také... a vlastné moje prvni
védecka prace davala té myslence matematické vyjadieni (?) a pak jsem si myslel, ze dostanu
misto na univerzité v této zemi poté, co jsem v Britanii poté, co jsem ziskal doktorat, uh, ale
mluvil jsem se znamym relativistou Felixem Piranim a fekl jsem, jaké to je byt akademik,
ekl dobfte, pokud jste si jisti, ze dokazete tii véci. pro to a tfi véci jsou administrativa, ktera
prednasi a produkuje jednu nebo dvé dobré ehm teorie ehm papiry rocné, a kdyz tekl, ze jsem
vedél, Ze to nemuzu udélat, protoze jsem chtél piemyslet o téchto opravdu hlubokych
problémech. Je ¢as, co je pohyb, co je prostor a v zadném piipadé jsem nechtél produkovat
jeden nebo dva ¢lanky roc¢né, takze Cisté nahodou jsem si precetl
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reklamu v ptirod¢ pro lidi, ktefi znali ruskou védu a angli¢tinu uméli produkovat angliétinu,
aby prekladali ruské védecké Casopisy, tak mi poslali par zkuSebnich véci a fekli, ze mizete
mit tolik préce, kolik chcete, takze 28 let mVydéléwal jsem si na zivobyti piekladanim ruskych
veédeckych Casopisi, ale mezitim mi to dalo asi tfetinu az Ctvrtinu ¢asu na to, co jsem chtél,
uplna svoboda, takze vlastné trvalo pét nebo Sest let, nez vysSla moje prvni prace, ale pak to
bylo v pfirod¢ a ptitahovalo to docela dost zajimavé a nakonec to vedlo k uzasné plodné
spolupraci s velmi dobrym italskym teoretikem Brunem Berottim dobie, to je mimofadny
piib¢h. Myslim tim, Ze je zajimavy ti tfi

(02)- criteria that you laid out you know the administrative you know giving the lectures and
producing the papers thought you were going to say | couldn't

6:01

bear do the doing the administrative or giving the lectures which for many of us is something
that uh we try to steer away from but that's an extraordinarily wonderful story that has given
you the freedom to not have to worry about I guess writing grants and trying to you know
feed the academic Beast which of course is part of what we as you know in the Traditional
Academy have to do so that's quite wonderful you mentioned a number of things in your
inspiration you know dur and and M you know MCH certainly is a thinker who's had a
profound impact on on many of us thinking about physics Einstein himself of course was
influenced by mock thinking we're going to get into the details but from 30,000 ft where do
you stand on the nature of time | mean was

Barbour's thinking on the Nature of Time
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minkowski correct in say reformulating Einstein's special relativity in this space time Arena
which was not the original context that Einstein used to to frame his ideas was that the right
move or was that a misleading move | would say it's right and wrong | think uh I mean the
interesting thing is if you read that wonderful paper of MOSI 1908 where he introduces the
notion of space time he actually said it's such a wonderful thing he says it should be it should
be called absolute uh but there is no trace of any marchan awareness of what is time and what
is motion uh he he it's completely well Einstein said of it it's it's uh Newton had the concepts
of absolute space and absolute time and minkovsky had the notion of absolute space time but
there's a very revealing moment in in uh
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in that paper where minkovski says of his construction that he's proposing so as not to leave a
yawning void anywhere let us suppose that everywhere there is something let us call it
substance so he's as it were sprinkling Gold Dust all over this complete uniformity so that you
can see where things are and with respect to it's a it's a monstrous lie that's not the way the
world Works uh and to bring in my other great hero has who's influenced me hugely which is
libnet and libnet says if there were no Variety in the world we could do nothing so liet builds
up everything from variety and this is what's lacking now my feeling is and in fact 1 would
say the work that I've done with some very good collaborator Botti Carol Kash lots
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of the big figures in in quantum gravity um what you can show is that there's a different way
of arriving at general relativity where the end product is in local bits of SpaceTime you have
minkovski structure that's what Einstein took he has that there now | my feeling is that we
should rethink general relativity and | was able to do that with some of my very good



collaborators and say that uh the minkovski thing is the final bit it's the end product not the
starting thing and then general relativity looks very different so | would | mean it's it's clear
general relativity is incredibly good about describing the universe as it now is | however |
have a fairly strong suspicion it's on somewhat shaky foundations that go back to to that
10:00

starting point of minkovski | mean that's a presumably a fairly minority view right I think
most of us were schooled in the standard way of thinking about general relativity which is if
you go into Free Fall then you're able to at least locally eliminate gravity if you're in free fall
and you let something go it'll fall with you you don't see you see tidal gravitational forces
which can be as as minimal as you want if the masses are small and in that Free Fall frame of
reference it's as if you're in a gravity free environment it's as if you're in the context of
Einstein's special relativity it's as if you are in a little piece of manowski space is that an
approach that you want us to move away from | | want to say say how does it get there now
what Mark said was uh the the key thing is that's what you call local inertial frame of
reference in fact it was Mark’'s Work That stimulated somebody called Ludwick
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Langer to coin the expression inertial system so the question is where does the inertial frame
of reference come from and Mark'’s conjecture was that it's an effect of all the bodies of the in
the universe moving relative to each other that is somehow manifested locally and this is what
the work in the first place that | did with berotti showed how that can be done and then later
with a very top relativist nilo muru uh who did very important work on the initial value
problem with Jimmy York uh in general relativity we showed how that that comes to be so
really the whole universe is like a swarm of bees all moving relative to each other but their

(02)- kritéria, ktera jste stanovili, znate administrativu, kterou znate, piednasejici a
produkujici dokumenty si mysleli, Ze feknete, Ze nemtizu 6:01 nést délat administrativu nebo
piednéset, coz je pro mnohé z nas néco, Cemu se snazime vyhybat, ale je to mimotadné
uzasny pribeh, ktery vam dal svobodu, abyste se nemuseli starat o psani grantl a pokusti vis,
ze nakrmi$ akademickou bestii, coz je samoziejmé soucasti toho, co my, jak vi§ v Tradi¢ni
akademii, musime ud¢lat, takZe to je docela Gizasné, ze jsi ve své€ inspiraci zminil fadu véci,
které znas dur and a M vis, Ze MCH je urcité myslitel ktery mél hluboky dopad na mnohé z
nas, kdyz jsme premysleli o fyzice, samotného Einsteina samoziejme ovlivnilo fale§né
mysleni, ze se dostaneme do detaild, ale z 30 000 stop, kde stojite o povaze ¢asu, mam na
mysli Barbourovo mySleni o povaze Casu
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minkowski spravné fekl, Ze preformulovani Einsteinovy specialni teorie relativity v této aréné
Casoprostoru, coz nebyl ptivodni kontext, ktery Einstein pouzival k rimovéni svych myslenek,
bylo, Ze spravny tah nebo to byl zavadgjici tah Rekl bych, Ze je to spravné a $patné, myslim,
ze uh myslim zajimavé je, kdyz si prectete ten UZasny ¢lanek MOSI 1908, kde zavadi pojem
Casoprostoru, ve skutecnosti fekl, Ze je to tak uzasna véc, fika, Ze by to mélo byt, mélo by se
to nazyvat absolutni uh, ale neni tam zZadna stopa po néjakém pochodovém povédomi o tom,
co je Cas a co je pohyb, uh he he, to je uplné v potradku, Einstein o tom fekl, je to uh Newton
mél pojmy absolutniho prostoru a absolutniho ¢asu a Minkovskij mél pojem absolutniho
casoprostoru ale je tu velmi odhalujici moment v uh

8:02 v tom papiru, kde Minkovski tika o své konstrukei, kterou navrhuje, aby nikde nezlstalo
zivajici prazdno, piredpokladejme, Ze vSude je néco, nazvéme to hmota, takze jakoby posype



celou tuto tplnou uniformitu Zlatym prachem, takze vidim, kde se véci nachazeji, a pokud jde
o to, je to monstrdzni lez, takhle svét nefunguje uh a ptivést svého dal§iho velkého hrdinu,
ktery mé ovlivnil obrovsky, coz je libnet a libnet fikd, Ze kdyby na svété neexistovala Variety,
nemohli bychom nic d€lat, takze liet buduje vSe z rozmanitosti a to je to, co ted’ chybi, mtyj
pocit je a ve skutecnosti bych fekl praci, kterou jsem s nékterymi udé€lal velmi dobry
spolupracovnik Botti Carol Kash To je zajimavy postich, ze se ¢lovék dozvi poprvé za 40 let
o jiném fyzikovi ( Botti) a on pry to je pozoruhodny fyzik. Ja ¢tu strasné moc ¢lankt o
fyzice, kde je strasné moc fyzikil a on se za 40 tet v téch hromadéch fyziky objevi jeden, ktery
se 40 let neobjevil, neukazal se nikde ni¢im. A je to pry Gzasny fyzik. (?!) Pro¢ uzasné fyziky
nepotkame za 40 let nikdy, nikde??, hodné
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z velkych ¢isel v kvantové gravitaci hm, co mizete ukézat, je, ze existuje jiny zplsob, jak
dospét k obecné relativite, kde je konecny produkt v mistnich kouscich ¢asoprostoru, mate
minkovského strukturu, to je to, co Einstein vzal, ma to tam ted’, mj pocit je, ze bychom méli
ptehodnotit obecnou relativitu, pro¢? 100 let to nikomu nevydilo ,,Ze je vadna a mé¢la by se
prehodnotit™, pro¢? a to se mi podafilo s n€kterymi z mych velmi dobrych spolupracovniki a
fici, Ze véc s Minkovskim je posledni kousek, je to konecny produkt neni vychozi véc a pak
obecna teorie relativity vypada velmi odlisné, takze bych chtél fict, Ze je to jasné, obecna
teorie relativity je neuvéfitelné dobra v popisu vesmiru, jaky je nyni. Mam vsak docela silné
podezieni, Ze je na pon¢kud vratkych zakladech, které sahaji do Ze
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vychozi bod Minkovského. ? oh, placat nesmysly ja umim taky... Myslim tim, Ze je to
pravdépodobné dosti mensinovy ndzor, Ze ano, myslim, Ze vétSina z nas byla Skolena
standardnim zplisobem uvazovani o obecné relativité, coz znamend, ze kdyz vstoupite do
volného padu, budete schopni alespon lokaln€ eliminovat gravitaci, pokud jste ve volném
padu a nechéate néco jit, spadne to s vami, nevidite, vidite slapové gravitacni sily, které mohou
byt tak minimalni, jak chcete, pokud jsou hmoty malé a v této vztazné soustavé volného padu
je to, jako byste byli v prosttedi bez gravitace, jako byste byli v kontextu Einsteinovy
specialni teorie relativity, jako byste byli v malém kousku manowského prostoru, je to
piistup, od kterého chcete, abychom se vzdalili. Rict, jak se to tam ted’ dostalo, to, co fekl
Mark, bylo uh, kli¢ova véc je, Ze tomu fikate mistni inercidlni referen¢ni soustava, ve
skutecnosti to byla Markova prace, ktera stimulovala nékoho jménem Ludwick
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Langer razil vyraz inercialni soustava, takze je otazkou, odkud pochazi inercialni vztazna
soustava a Markova domnénka byla, Ze jde o efekt pohybu vsech téles ve vesmiru viici sobé
navzajem, ktery se néjak projevuje lokéalné, a to je co prace na prvnim misté, kterou jsem
udélal s Berottim, ukazala, jak to 1ze ud¢lat, a pozdeji s velmi Spickovym relativistou Nilem
Muru uh, o zminovanych védcich slysim poprvé (jak je mozné, ze jsem je za 40 let nikde ve
veédecke literature nepotkal) (?) ktery odvedl velmi diilezitou praci na pocate¢nim
hodnotovém problému s Jimmym Yorkem v obecné relativité jsme ukazali, jak se to stalo
tak, Ze cely vesmir je jako roj vcel, které se navzajem pohybuji, ano, viici vakuum je jako roj
vcel...chaoticky se v ném méni kiivosti vSech 3+3 dimenzi ¢asoprostoru a to nejen ve volném
Caso-prostoru, ale i uvniti hmoty !!!... ale jejich

(03)- effect is to create what looks like a rigid framework locally and that's your your your
thing
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that you have uh when you're free falling so it's how that framework of the free fall comes
into existence that is the important thing and | think we could I think we can show that that
that's in these papers and very important in this people don't | think properly appreciate it is
the work on the initial value problem of general relativity you you you can't just start
calculating in general relativity you have have what's called solutions to the initial value
problem and that's the work that Jimmy yor and his first PhD student neilo muru did in in
19771 um and that I think is is a very different way of looking at at general relativity and if
I'm relying on Paul der I'm not ashamed of that and and so just going back to to Mark's
perspective for a moment | think many in our audience would be familiar with the thought
experiment say of of Newton's bucket right Newton himself described
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how you know if you have a bucket of water and you spin it the water begins to climb up the
sides of the bucket it's very familiar another version of it which is perhaps simpler to think
about if you have two masses connected by a string and as they start to spin around their
Common Center the string will pull taut and a question that MCH asked was why does it pull
tot and his answer as you made reference to in a slightly different context is it's the fact that
there's all this Mass out there in the universe and the spinning motion is relative to that mass
that's out there but that suggests that if you were to have a completely empty universe and
something were to spin around the bucket or the masses the water wouldn't climb up the side
the masses wouldn't pull taut because there'd be nothing with respect to which they would
would be spinning and so where do you come down on that question Einstein at least in my
14:06

reading of the general theory of relativity and I think it's a fairly commonplace one would say
that SpaceTime is enough of a thing to set that reference and so the water would climb up the
bucket spinning around in an otherwise empty Universe the masses would pull taught in an
otherwise empty universe that's kind of an anti-an idea that comes out of general relativity
does your reformulation give a different Intuition or a different answer for that D think it
might let let me say one thing about about Einstein I always say

Barbour talks about Einstein

he deserves six or seven Nobel prizes but when it comes to actually what he said about M 1
think he made a complete and utter mess he kept on changing | mean all through his life he
was changing his his views on that and at the end of his life now first of he' spent six or seven
years of the best years of his life trying to create Implement Mark's ideas at the end of his
15:05

life he just said it was completely wrong a moment's thought would show that it was
irrelevant once field thei had coming I think that was all completely wrong but it that in no
way takes from Einstein's greatness but to come back to how you should think about it when
there's nothing there 1 explain things as best | can using the idea of Point particles in space
because there you can see the issues clear most clearly so let me the way | like to illustrate it
is is with so the simplest Universe you could

Barbour illustrates the idea of point particles in space

possibly imagine would be of three particles so they would be at the vertices of this triangle
and then they would move relative to each other and and that would be everything that there is
so the the at at a different instant of time the triangle would have a different shape it would be
would be like that and they would move there now what you can do you can develop a mchan
16:05



theory which shows how those separations between the particles are really only the ratios how
the shape changes so uh when | showed you that triangle it appears to have a size but that's
relative to my head and so forth like that if the triangle itself if the triangle is aware of itself
all it can be aware Ware of is is is is is uh it's relative thing so the the particle here can sort of
see it see what the angle is looking to the other things it's only the angles that are visible to the
triangle with itself so you should think in terms of shapes so uh I've been it's now about 25
years ago | call the expression shape Dynamics and it's about how shapes change and then
you can say that the shapes change in such a way that Newton's absolute space and time
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and absolute scale Play No role at all and then in that context you can show how first of all
the universe overall has no net rotation that's no angular momentum at all uh and and has its
energy exactly zero but then you can show how locally uh things behave so you can exactly

(03)- efekt je vytvofit to, co lokalné vypada jako rigidni ramec a je to vase véc
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7e mate uh, kdyzZ jste volnym padem, takZe to, jak ten rimec volného padu vznika, je dilezita
véc ve volném padu se objekt pohybuje = posouva se po kiivych geodetach se stejnou kiivosti
sveho pohybu a myslim, ze bychom mohli, myslim, ze miizeme ukéazat, Ze to je v téchto
novinach a velmi dulezité v tomhle lidé ne. Myslim, Ze spravné ocefiuji, Ze je to prace na
problému pocatecni hodnoty obecné teorie relativity, nemiizete jen zacit pocitat v obecné
teorii relativity, mate to, cemu se fika feSeni problému pocatecni hodnoty, a to je prace, kterou
Jimmy Yor a jeho prvni doktorand Neilo Muru to udélali v roce 19771 ? a myslim, Ze je to
velmi \odliény zpusob pohledu\ na obecnou relativitu, a pokud se spoléhdm na Paula Diraka,
nestydim se za to, a tak prosté jdu na chvili zpét k Markové ? Kdo to je ten Mark, to v tomto
¢lanku nikde neni... perspektivé. Myslim, Ze mnozi z naseho publika by byli obeznameni s
mySlenkovym experimentem o Newtonové védru, ktery popsal sim Newton
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jak poznate, Ze mate kbelik s vodou a roztocite ho, voda za¢ne 1ézt po stranach kbeliku je to
velmi znamé dalsi verze, o které¢ je moznd jednodussi pfemyslet, pokud mate dvé hmoty
spojené provazkem a jako zacnou se otacet kolem svého spole¢ného stiedu, struna se napne a
MCH kdo je MCH? se zeptal, proc¢ to taha, a jeho odpovéd, jak jste se zminil v trochu jiném
kontextu, je skutecnost, Ze je tam venku vSechna ta mSe a vesmir a rotujici pohyb je relativni
k hmot¢, kterd je tam venku, ale to naznacuje, Ze pokud byste méli mit upln€ prazdny vesmir
a néco by se tocilo kolem kbeliku nebo hmot, voda by nesplhala po strang, hmoty by
nenapinat, protoze by nebylo nic, vzhledem k ¢emu by se tocily, a tak kde jsi pfiSel na tuto
otazku, Einstein, alespoil v mém
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¢teni obecné teorie relativity a myslim, Ze je to docela bézné, Clovek by tekl, ze ¢asoprostor je
dostacujici k tomu, aby nastavil tuto referenci, a tak by voda Splhala nahoru po védru
otacejicim se v jinak prazdném vesmiru, ktery by masy tahaly, u¢ila v jinak prazdny vesmir,
ktery je svym zplsobem anti-mysSlenkou, kterd vychazi z obecné relativity, dava vasSe
preformulovani jinou intuici nebo jinou odpovéd na to. Myslim, ze by mi to mohlo dovolit
fict jednu véc o Einsteinovi fict. Barbour mluvi o Einsteinovi, zaslouZi si Sest nebo sedm
Nobelovych cen, ale kdyz dojde na to, co ekl o M, asi Marek myslim, ze ud¢lal uplny a
naprosty nepotadek, neustdle se menil, myslim tim cely svlij Zivot, ménil na to své ndzory a




na konci svého Zivota ted’ na prvnim misté stravil Sest nebo sedm let nejlepsich let svého
zivota snahou vytvotit Markovy népady na konci jeho zivota. ??
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zivot prave tekl, Ze to bylo tplné Spatné, chvilkova myslenka by ukazala, Ze to bylo
irelevantni, jakmile pfijde pole, myslim, Ze to bylo Gplné Spatné, ale to v Zzadném piipadé
neubira Einsteinové velikosti, ale vratit se k tomu, jak byste o tom m¢li piemyslet kdyz tam
nic neni, hmota tam neni, ale je tam ten Casoprostor, kiivé dimenze vysvétlim véci, jak nejlépe
umim, pouziji myslenku bodovych ¢astic ve vesmiru, protoze tam vidite problémy
nejzietelnéji, tak mi dovolte, jak to rad ilustruji, je s tim nejjednodussim vesmirem, jaky
muzete. Barbour ilustruje myslenku bodovych ¢astic v prostoru mozna si predstavte, Ze by
byly ze tii ¢astic, takze by byly ve vrcholech tohoto trojihelniku a pak by se pohybovaly viici
sob¢ navzajem a to by bylo vse, co existuje, takze v jiném ¢asovém okamziku by trojihelnik
m¢l jiny tvar by byl takovy a oni by se tam piesunuli. Co mizete udélat, mizete vytvorit
mchan ??
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teorie, kterd ukazuje, jak tyto separace mezi Casticemi jsou ve skutecnosti pouze pomery, jak
se tvar meéni, pozor, méni se kiivosti dimeni nikoliv ,,tvar objektu®, objektem je tu
casoprostor, nikoliv ty tfi body takze uh, kdyZ jsem vam ukazal ten trojuhelnik, zda se, ze ma
velikost, ale to je relativni k mé hlavée a tak dale, jako kdyZ samotny trojuhelnik, pokud
trojuhelnik je si védoma sama sebe vSeho, ¢eho si miiZze byt védoma Ware of is is is is is is je
to uh, je to relativni véc, takZe Castice zde mtize tak néjak videt, jaky uhel se diva na ostatni
véci, jsou to pouze uhly, dva body ,,stoji a tfeti bod si litd po kfuznici tam a zpét... to je
Pythagorova véta.. ., a je dalezité se na to podivat ,,riznym stylem mysleni*: kdyz bude (

v STR) objekt v pohybu, ménit se bude ,,v*, ménit se bude ,,pomoci“ ,,a*, (a=x/t?; a = x/t1.tz
), tak se bude objekt pootacet, respektive se bude pootacet jeho vlastni soustava. A v tom je to
,nové mysleni®, je to pohyb ,.tietiho bodu® v trojuhelniku ,,po oblouku kruhu“Thaletova
kruznice (mysleni si spojte s tim kyblem s vodou) které jsou viditelné pro trojuhelnik sama se
sebou tak ty mél by uvazovat v pojmech tvart, takze uh, byl jsem, je to nyni asi pied 25 lety,
nazyvam vyraz tvar Dynamika a jde o to, jak se tvary méni, tvary? Ceho? Ne. Méni se
ktivosti dymenzi a pak mizete fici, Ze se tvary méni takovym zptisobem, ze Newtonlv
absolutni prostor a ¢as
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a absolutni métitko Nehrajte viibec Zadnou roli a pak v tomto kontextu muizete ukazat, jak
zaprve vesmir celkové nema Zadnou Cistou rotaci, K ¢isté rotaci se pridava jesté pohyb=posun
po ,,jiné dimenzi. Je z té kruznice parabola... nema viibec Zzddny moment hybnosti a ma
energii pfesné nulovou, a co je nulové? Hmotnost, nebo délka? Nebo ¢as? A proc? ale pak
muzete ukdzat, jak se véci lokaln¢ uh. chovej se tak, jak pfesné muizes

(04)- recover this was in my paper in 1982 with with Bruno Botti um which Roger penro
communicated to the proceedings of the Royal Society showing how uh you could uh you
could have all of the particles in the universe uh moving relative to each other but then that
would create local frames of reference in which the bucket would Spin and the water would
go up the sides of the wall of the bucket uh so all of that | would say is is is pretty clearso I |
think one should I think one should
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think about reformulating general relativity uh but it's it's still a wonderful Theory | mean
nobody can doubt it my guess is that that it's definitely very good now in the present Epoch of
the University Universe it may be either wrong or misunderstood near Big Bang and | think
we'll probably able to come on to that how we might think about it in a different way near the
Big Bang yes well I you know 1 think many of us who've worked on on quantum gravity
whether it's string theoretic approach or Loop quantum gravity | think many of us have come
to a similar conclusion that in extreme environments like near the Big Bang or near the
singularity of a black hole it's likely that general relativity needs to be modified in in in some
way and I'd love to come back to that but | want to stay simple first so in your example of the
three particles as a toy
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universe in which you can begin to develop from first principle some notion of what is the
right language what are the right considerations to talk about space and time how do you think
of time in that setting | mean you use the language at one moment the particles are in this
configuration at another moment they're in another configuration so it seems to be relying on
the Fairly traditional idea that you can't talk about time without change but are you imagining
that this time is existing outside of those three particles or those three particles in this toy
universe in some sense generating a notion of time by their relative positions uh my position
is that instants of time exist and in the simplest case an instant of time would be just the shape
formed by the three particles my model Universe three
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particles their shape defines an instant of time at a different instant of time that shape would
be different and then | would say that it's important to distinguish between those instants of
time and what | would call duration is something that we imagine characterizes the difference
between them so | would say dur is the diff is the difference between instance uh but the
instance are the fundamental things so | think we our first ideas are of | mean imagine looking
at the stars in the sky and in in Arizona at night I mean fabulous experience we see angles
between between the stars that that's my most basic way of thinking but then if if we look
long enough we can see that the stars have moved if we if we stand
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there for a thousand years we will begin to see slight changes in the stars and | think that's the
way we should think about it now what I think Newton did was really introduce a way of
thinking about that change which makes that change seem to unfold in a particularly smooth
way and that's what | think duration is it's something that we introduce the fundamental thing
are the the triangles or the the the the overall the the the the relative shape of the universe how
that changes but Newton taught us to describe that in a very wonderful way which makes it
appear uh particularly uniform and it's expressed in the conservation of energy that that
energy is conserved but | would say that energy conservation is not really the fundamental
thing that's half of it is put in energy has two parts it has the
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kinetic energy and it has the potential energy the potential energy is the reflection of how the
particles are relative to body that for me is fundamental that is that is the rock on which |
stand but then the change of that thing and the the it's our choice of saying that that must
happen in a particular way that then creates kinetic energy so | would say kinetic energy is a
human creation to make sense of the universe and we all all agree on the same convention so
we all manag to agree particularly here on the surface of the Earth that that energy is



conserved because it's all governed by the total law of the whole universe that's how | see it
sure now now Newton just to sort of get his program off the ground needed

Could Newton have done a better job describing Space and Time?

to articulate the starting point and certainly in the pipia he talks about a definition so to speak
of space and a definition so to speak of time but when
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you parse out the language roughly speaking all Newton really said was there is this Arena

(04)- obnovit to bylo v mém ¢lanku v roce 1982 s Brunem Bottim, ktery Roger Penrose
ptredal jednani Kralovské spolecnosti a ukazal, jak byste mohli mit vSechny ¢éstice ve vesmiru
pohybujici se viici sobé navzajem, ale pak by to vytvorilo mistni referen¢ni ramce, ve kterych
by se kbelik tocil a voda by stoupala po stranach stény kbeliku, ¢ili lokalni kivosti
casoprostoru jsou nékdy se stejnym jmenovatelem ( té lokality), a jindy se stejnym
jmenovatelem v jiné lokalité...A v té lokalité pak >operuji< ,balicky* kiivych dimenzi, kdy
je-li = méa-li balicek stejné kiivosti s jinym bali¢kem, jsou to identické ¢astice...a interakce se
chovaji ,,podle predpisi* atd. vyklad jinde... takze vSe, co bych tekl, je, je docela jasné, takze
si myslim, ze jeden mél bych si myslet, Ze by mél
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pfemyslejte o preformulovéani obecné teorie relativity, tim jsem se bavil hodné, hodné
dlouho...; strué¢né: Krokprvni: v OTR vzit ,,G-konstantu* a této konstanté odebrat rozméry.
Tim sice vznikne v rovnici rozmérova nerovnovaha, a tak tuto nutno fesit druhym krokem:

V rovnici substituovat ,,pismenko® ,,m* za dimenze dvou veli¢in Délka a Cas...; vznikne
linearni rovnice s n+m poétem dimenzi, kde...kde lze — tieti krok: tvofit, realizovat, stavét
,.bali¢ky dimenzi*, které uz budou elementarnimi ¢asticemi ...a mame linearni rovnici,
rovnice QM !!! Cili OTR jsme upravili = opravili na QM, [0 to jde| Ze: |OTR musite nechat|
vladnout* v gravitaénim makrosvété] A QM musite nechat vIadnout v mikrosvéts g
nespojovat je| Chcete-li je spojit, musite odebrat G-konstanté rozméry.

- To bylo stru¢né. To slozité je pak ,,hlava = mozek Ctenaie”, tam musi nastat to mysleni co
vede kK pochopeni kiivosti dimenzi = jednou to jsou kiivosti ,,parabolické* = OTR a jindy
kiivosti linearni = QM kde se balicky slucuji v jiné balicky pfi stalé linedrni rovnovaze
dimenzi, a s proménami kiivosti ... - - Bylo to stru¢né?? ale je to OTR stale uZasna teorie.
Myslim tim, Ze o tom nikdo nemiiZe pochybovat, miij odhad je, ze je to rozhodné velmi
dobré, nyni v soucasné epose univerzitniho dvouveli¢inového vesmiru, mize to byt bud’
Spatné nebo Spatn€ pochopeno. blizko velkého tresku, a myslim si pravdépodobné budeme
schopni piijit na to, jak bychom o tom mohli juvaZovat jinym zpiisobem| u7 jsem to
udelal...pobliz velkého tfesku ano, dobfe, ja vim, myslim, Ze mnozi z nds, kteti pracovali na
kvantové gravitaci, at’ uZ je to strunovy teoreticky pristup| nebo lsmyckové kvantova gravitace|
Myslim, Ze mnozi z nas dosli k podobnému zavéru, Ze v extrémnich prostiedich, jako je a)
blizko velkého tresku nebo b) blizko singularity ¢erné diry, je pravdépodobné, Ze obecna
teorie relativity musf byt n&jakym zpiisobem| upravena a to znamena co?? najit mnoho az
nekone¢né mnoho upravovacich zplisobi?? Ne. Po velkém tfesku jesté neni hmota ,,hotova®,
je tu stav extreémné kiivych dimenzi, ¢asoprostor v péné dimenzi semzacne rozbalovat a
soubézné s tim se (v té péné, v plazmé&) za¢nou vyrabét ,,balicky, kokony kiivych z kiivych
dimenzi = hmotové elementarni ¢astice, i pole ,,oteviené kiivosti* a Rad bych se k tomu
vratil, ale chci nejprve ziistat jednoduchy, takze ve vasem piikladu tii ¢astic jako hracky
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vesmir, ve kterém si mizete zacit vyvijet od prvniho principu néjakou predstavu o tom, co je
spravny jazyk, jaké jsou spravné uvahy pii hovofeni o prostoru a Case, jak pfemyslite o Case v
tomto prostiedi. Myslim tim, Ze pouzivate jazyk, v jednom okamziku ¢astice jsou a) Vv této
konfiguraci v jiném okamziku, jsou b) v jiné konfiguraci, O.K. pozor, jsme tu v ,linearnim*
prostredi (kdeseprom énujibalicky interakcemi)takze se zda, Ze se spoléhaji na
pomé&mé tradi¢ni myslenku, Ze nemiiZzete mluvit o &ase beze zmény|, o plynuti casu bez
zmény kiivosti ,,v baliccich® 1 v ,,linedrni rovnici interakci®, pti zménach konfiguraci hmot,
¢ili oboji... ale piedstavujete si, Ze tento ¢as existuje mimo tyto tfi &astice ne, ne, naopak. Cas
tu neni stoicky, je to plynuti ¢asu a plynuti Casu znamena ,,ukrajovani intervalii na ¢asové
dimenzi“ = coz d¢la objekt slozity i jednoduchy (napft. kursor na dimenzi) nebo ony tfi
¢astice v tomto hrackarském vesmiru v jistém smyslu generovani predstavy o Case jejich
relativnimi polohami uh moje pozice je takova, ze okamziky ¢asu existuji a v nejjednodussim
ptipad¢ by okamzik ¢asu byl prave tvar tvofeny tiemi ¢asticemi, mij model. Vesmir tii
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castice jejich tvar definuje ¢asovy okamzik ?? v jiném Casovém okamziku, tento tvar by byl
odlisny. A pak bych tekl, zZe je diilezité rozliSovat c0? mezi témito Casovymi okamziky a to,
co bych nazval trvani, je néco, co si predstavujeme, charakterizuje rozdil mezi nimi takze
bych tekl, ze dur je rozdil je rozdil mezi instanci uh, ale instance jsou zékladni véci, takze
myslim, Ze naSe prvni napady jsou myslim si pfedstavte, ze se divate na hvézdy na obloze a v
Arizoné v noci, myslim bajecny zazitek vidime tthly mezi hvézdami, to je mtj nejzakladnéjsi
zpuisob mysleni, ale kdyz se podivame dostate¢né dlouho, mizeme vidét, ze se hvézdy
pohnuly, kdyz budeme stat
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tam po tisic let zacneme pozorovat nepatrné zmény ve hvézdach a myslim, Ze to je zptsob,
jakym bychom o tom nyni méli pfemyslet. Jisté, trivialni, to délaji v§ichni astronomové uz
3000 let. Myslim si, ze Newton skute¢né¢ zavedl zptisob uvazovani o této zmeéné, diky
kterému se tato zména zdanlivé rozvinula. Obzvlaste hladké cesta a to je to, co si myslim, Ze
trvani je néco, co zavadime. Zakladni véci jsou trojuhelniky nebo the the the total the the the
the relativni tvar vesmiru, jak se to méni, ale Newton nas naucil popsat to v velmi uZasny
zpusob, ktery to déla vypadaji obzvlasté jednotné a je to vyjadieno v zachovani energie, cili

Vv zachovani ,,jistého baliku poctu dimenzi a kiivosti téchto dimenzi* aby jako balik byl stejny
s jinym balikem... pfi riznych parametrech, Ze, Ze tato energie je zachovana, ale fekl bych, ze
uspora energie neni ve skutecnosti zadkladni véci, protoZe jeji polovina je vloZena do energie
ma dvé Casti, které ma
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kineticka energie a ma potencialni energii, potencialni energie je odrazem toho, jak jsou
¢astice vzhledem k t€lu, coz je pro mé zasadni, to je skala, na které stojim, ale pak zména té
véci a to je naSe volba fikat, Ze se to musi stat ur€itym zplsobem, ktery pak vytvaii kinetickou
energii, takze bych fekl, Ze kinetickd energie je lidskym vytvorem, ktery ddva smysl vesmiru,
a vSichni se shodneme na stejné konvenci, takze se vSichni dokdzeme shodnout zejména zde
na povrchu Zemé, kterym tato energie je zakonzervovano, protoze se to vSechno tidi iplnym
zékonem celého vesmiru, tak to ted’ vidim jistg, ,,jist¢ho* baliku poc¢tu dimenzi a kiivosti
téchto dimenzi. Newton, jen proto, aby sviij program rozjel. Mohl Newton odvést lepsi praci
pii popisu prostoru a ¢asu? artikulovat vychozi bod a jisté v pipii mluvi o definici takiikajic
prostoru a definici takiikajic Casu, ale kdyz
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Zhruba feceno vse, co Newton skutecné fekl, bylo, ze existuje tato Arena

(05)- called space I'm just going to assume that it's there and there is this thing called time
which seems to flow I think his language was equably in equal increments from moment to
moment but when you try to purse out what that really means it's hard to feel that it's any
more than just a dictate you know by Fiat there is this thing called space there is this thing
called time can we do better than that could Newton have done better than that yes and
interestingly he was very close to it because um let me just briefly say how how | would say
time and clocks developed so um | mean there were in in the time of the ancient Greeks there
were water clocks and things like that and S clocks and and all that like that but the key thing
is the laws of planetary motion

24:04

could never have been discovered if it weren't for the existence of what we now recogn what
was then eventually recognized to be a fabulous clock which is the rotation of the Earth or the
rotation of the Stars so that defines what's called siderial time the the time that the Stars tell
and uh the great Greek ancient astronomers hipparchus and toy they made their observations
and then they were dated by by the time and then uh that eventually led to the capern
revolution to Fabulous observations by Tio brah and then for me the one of my huge Heroes is
Kepler who by the way whose in intuition was very like Ernest Marx and in fact I I've I've go
on record and say that in fact in many ways Kepler discovery of the laws of planetary motion
was the first great
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Triumph of M's principle long before M but uh what Kepler discovered was Kepler's second
law what Kepler of the planets that the planets in their motion around the Sun sweep out equal
areas in equal times now the key thing about that is the expression | use is that those clocks
that each of the planets Define by the area they sweep out marches in step with the rotation of
the earth which is an independent clock so | say that you can't say that one clock is a good
clock you say that a collection of clocks are good if they all keep the same time their rates
may be different but the ratios of the rates must stay the same and then so so the next big
advance in in in really fundamental scientific time keeping is comes with Kepler Second Law
then the next thing is the astronomer Royal
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flamsteed UH 60 or so years later at greenage who showed that the pendula pendulum clocks
keep time with uh with the rotation of the earth with siderial time and not with solar time not
with mean solar time so and now that's exactly what happens with modern atomic clocks cuz
it is not one single clock | mean the it's a fabulous situation now with the way timekeeping is
done there are sort of six Master clocks in Boulder Colorado uh they're the best ones and
there's some very good ones in Brun Brunswick in Germany then there's about a hundred all
around the world and they're all matched up and they can't use just any one of them because
they have glitches uncontrollable glitches and then on top of that they have to take into
account things like continental drift uh the Chandler wobble of of where and now they even
have to
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take into account how the tides are moving on the earth uh to to to determine time it's a it's a
colossal Enterprise but the key thing is ultimately always to get as my expression is Marching
In step it is a wonderful story and | mean the most modern time pieces you know these atomic



clocks I think some of them are based on cesium 133 you know the vibrational modes gives
you this cyclical process The pendula Swinging is a cyclical process the motion of the planets
is a cyclical process so we have found that by finding ever more stable cyclical motion we can
have ever better clocks but if you were to be pressed and say what is it that they are measuring
would you make it a self-referential statement that they're all measuring the same kind of
thing because the ratios stay the same as you
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made reference to or is there some independent notion that we can really use as the definition
of time or should time be simply defined in this very straightforward operational sense as that
which clocks measure | | think for practical purposes and the mere fact that we're able to talk
to each other because a huge part of us talking to each other is messages is being about
coordinating the clocks between you and me uh that that a vast amount of the information is
devoted to tha@ I would my guess my feeling is that the whole universe is just evolving it's
getting it's getting more richly structured | think we're going to come on to this a bit later and

| think just that overall thing just all of these things that clocks are picking up is just part of

(05)- nazyvany prostor Jen budu piedpokladat, Ze to tam je a je tu v€c zvana Cas, ktera
jakoby plyne, myslim, Ze jeho jazyk byl od okamziku k okamziku rovnomérné ve stejnych
prirtisteich, ale kdyz se pokusite vydolovat to, co skute¢né¢ znamena, ze je t€zké citit, Ze je to
néco vic nez jen diktat, ktery znate od Fiatu, existuje néco, cemu se fika prostor, existuje
néco, cemu se fika ¢as, mizeme udélat 1épe, nez to mohl Newton udélat 1épe, ano a zajimavé
je, ze byl velmi blizko tomu, protoze ehm, dovolte mi struéné fici, jak bych fekl, ze se Cas a
hodiny vyvinuly tak um, chci fict, Ze v dobé starych Rekii byly vodni hodiny a takové véci a
hodiny S a vSechno to podobné ale kli¢ova véc jsou zdkony planetarniho pohybu
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nikdy by nebylo mozZné objevit, kdyby neexistovala existence toho, co nyni poznavame, co
bylo nakonec uznéano za baje¢né hodiny, kterymi jsou rotace Zemé nebo rotace hvézd, takze
definuji to, ¢emu se fika hvézdny &as. Cas, ktery hvézdy vypravéji, a velci feéti starovéci
astronomové hipparchus a hracka, ktefi provedli sva pozorovani, a pak byla datovana ¢asem a
pak, coz nakonec vedlo k kapernské revoluci k izasnym pozorovanim od Ticho Braha a pak
pro mé je jednim z mych obrovskych hrdinti Kepler, ktery mimochodem, jehoz intuice byl
velmi podobny Ernestu Marxovi a ve skute¢nosti jsem Sel do zaznamu a fekl, Ze ve
skutecnosti v mnoha ohledech Keplerov objev zdkonl pohybu planet byl prvni velky
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triumf Mova principu davno pred M, ale to, co Kepler objevil, byl Keplertiv druhy zékon o
tom, ze Kepler o planetach, které¢ planety pfi svém pohybu kolem Slunce zametaji ze stejnych
ploch ve stejnych Casech, ted’ kliCova véc na tom je vyraz, ktery pouzivam, je, Ze ty hodiny,
které kazda z planet definuje oblasti, kterou zametaji, pochoduji v kroku s rotaci zemé¢, coz
jsou nezavislé hodiny, takZe fikam, Ze nemiiZete fict, ze jedny hodiny jsou dobré hodiny
fikate, ze sbirka hodin je dobrd, pokud vSechny udrzuji stejny Cas, jejich sazby se mohou liSit,
ale poméry sazeb musi ztlistat stejné, a tak dalsi velky pokrok v opravdu zasadnim védeckém
meéfeni ¢asu piichazi s Keplerovym druhym zédkonem, pak dalsi véci je astronom Royal
26:04

flamsteed UH o 60 nebo tak let pozdéji v Greenage, ktery ukazal, Ze kyvadlové kyvadlové
hodiny udrzuji ¢as s uh s rotaci zemé s postrannim ¢asem a ne se slune¢nim casem, ne se
sttednim slune¢nim ¢asem, takze a nyni je to pfesné to, co se déje s modernimi atomovymi



hodinami protoze to nejsou jedny hodiny, myslim, ze je to bajecna situace, ted’ s tim, jak se
déla méfeni Casu, je v Boulderu asi Sest hlavnich hodin Colorado, uh, jsou nejlepsi a nékolik
velmi dobrych je v Brun Brunswick v Némecku, pak je jich asi sto po celém svéte a vSechny
jsou sladény a nemohou pouzit jen jednu z nich, protoze maji zavady. Nekontrolovatelné
zavady a pak navic musi vzit v ivahu véci jako kontinentalni drift, chhandlerovské kolisani
toho, kde a ted’ dokonce musi
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vezméte v uvahu, jak se pfiliv a odliv pohybuji na zemi, uh az k urceni ¢asu, je to kolosalni
Enterprise, ale klicové je nakonec vzdy dostat, protoze mtj vyraz je Pochodovat V kroku je to
Myslim, ze n€které z nich jsou zalozeny na na poctu tiku, ¢i na frekvenci tiku cesia 133 vite,
ze vibraéni rezimy vam poskytuji tento cyklicky proces. Kyvadlo Kyvné je cyklicky proces
pohyb planety jsou cyklickym procesem, takze jsme zjistili, Ze nalezenim stale stabiln€jsiho
cyklického pohybu mizeme mit stale lepsi hodiny, O.K. mechanizmus, ktery produkuje stale
stejny ,,pocet tikii*“ za zvolenou jednotku...; autor Barbour tady obdivuje ,,mistni, lokalni
tempo plynuti Casu®, ale zdalipak také badal pro¢ mame tu na Zemi takové tempo jaké tu
mame. Zda je toto tempo stejné vSude v celém vesmiru, anebo jen v nasi galaxii. Zda toto
tempo se v prubéhu déjin méni, jen v galaxiich nebo i mimo né...atd. ale kdybyste byli
natlaceni a fekli, co to je, co méfi, udé€lali byste z toho sebereferencni prohlaseni, ze VSichni
méfite stejny druh véci, protoze poméry zistavaji stejné jako vy ??
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odkazoval na nebo existuje n¢jaky nezdvisly pojem, ktery miizeme skute¢né pouzit jako
definici 8asu, mate definici na ,,veli¢inu Cas“ ? a také na ,tempo plynuti ¢asu“? nebo by mél
byt ¢as jednoduse definovan v tomto velmi tpfimoéarém provoznim smyslu\ jako to, co hodiny
méfi. Hodiny nic neméti, my mérime, hodiny pouze ,,odtikévaji* intervaly a my je
porovnavame s intervaly na ¢asové dimenzi, které vykonava objekt, objekt se posouva po
casové dimenzi a to pak vnimame jako ,,tempo plynuti Casu“, vhimame zmény velikosti
intervali, které ,,vyrabi objekt svym posunem® ,,po ¢ase* (po dimenzi Casové), hodinky si
ovsem tikaji stale svym tempem Myslim, ze pro praktické ucely a pouhou skute¢nost, Ze jsme
schopni mluvit spolu, protoZe velka ¢ast z nés, co spolu mluvime, jsou zpravy o koordinaci
hodin mezi vami a mnou, Ze je tomu vénovano obrovské mnozstvi informaci. Vesmir je
spravedlivy, vyviji se, to je stale bohatsi, myslim, ze k tomu pfijdeme o néco pozdéji, a
myslim si, Ze celkové jsou vSechny tyto véci, které¢ hodiny nabiraji, jen soucésti

(06)- that one single on onward evolution of the universe which I will argue is to Greater
structure uh greater
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complexity uh that that's what's going on that that's what 1 would say and so why don't we
turn to that now and before we get to some of the ideas that you've

How to characterize Entropy and the unfolding of the Universe

been developing recently and in fact over the course of many decades | thought it would be
worthwhile to spend a little time on on the more conventional story that has emerged through
the work of of many thinkers and you made reference before to Roger Penrose Penrose of
course has played a a vital role in this idea and trying to have some understanding of how to
characterize the unfolding of the universe and of course entropy is an idea that has played a



vital role in that story so maybe we can take a a step back and just imagine where say in the
1800s and there are steam engines that
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people are trying to understand and in trying to get a grasp on why steam engines always were
releasing a certain amount of heat to the environment there was always waste coming from
you burn this Fuel and you want the fuel to make that piston push against that air in a canister
driving whatever mechanical device it is to undergo its mination there's always waste and that
led people like you know even further back carau it led people like bolman to this notion of
entropy which is a very slippery idea especially for those who are not well versed in the
language of mathematics how in a general context do you think about intuitively and how
would you describe to a general audience this notion of entropy well first of all let let me say
that I think the discovery of the laws of thermodynamics by William Thompson later Lord
Kelvin and Rudolph clausius in Germany it's one of the most beautiful stories in in in physics
but um I think the key thing well let me first of all say uh I think a thing which has been
amazingly ignored is that all of the law the the laws of thermodynamics and then their
explanation through the atomistictheory of statistical mechanics the the atomistic explanation
of it all of that developed out of the study of steam engines now steam engines stop working if
the steam escapes from the cylinder and uh so if you look at all the great initial papers that uh
we that the ones that I've mentioned and you've mentioned uh including also the Great
American um
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Gibbs and and Maxwell they all assume particles molecules in a box so the typical situation
describing entropy you can think of it as as if you got uh uh a box with air and you start off
with a little cube of ice in the bottom corner of one bottom corner of the box and that ice in a
crystal latish is very highly structured there are water molecules in the air all floating around a
bit by bit the uh the ice melts becomes water and then the water evaporates and then all of its
water molecules are spread around the thing and that's an irreversible process now technically
if you could stop uh all the particles and exactly reverse their motions they would go back to
that uh block of ey that little cube of ice but that never happens and that process is is uh from
a highly ordered State you've gone to a highly disordered state so
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this is basically what people say is the growth of entropy uh and there's no doubt that that's
correct and | mean the the things that have come out of the study of entropy and
thermodynamics and statistical mechanics are just wonderful it goes on and on and still going
on marvelous discoveries perhaps the most incredible of all was the discovery of of of the first
Quantum Effects by Max plank based on uh trying to make sense of of these these processes
with radiation I think there's only one person before me if | may boast about it who said what
happens if the box is not there and if say these particles are interacting through gravity now
the one person who did question that was was ludc boltzman in 1896 when he was involved in
a very famous debate with the German zero who later became a great
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logician about explaining the second law of Thermodynamics and uh so Meo was relying very
heavily on the a famous theorem that panker had proved just a few years earlier the recurrence
theorem which if you have a dynamical system like that in a box if you wait long enough it
will come back arbitrary close to any position it was in in previous so both uh Meo said | want
the second law of Thermodynamics to say entropy must always increase but uh in this



situation it's clear it will go back again and there's actually it's more or less just a footnote
from bman who says are we so sure that the universe is in a box and satisfies the recurrence

(06)- ten jediny na dal§im vyvoji vesmiru, o kterém budu tvrdit, ze je do vétsi struktury, uh
vetsi 29:05 slozitost, Ze to je to, co se déje, to je to, co bych fekl, a tak proc se na to
nezaméfime ted” a nez se dostaneme k nekterym napadim Jak charakterizovat entropii a
rozvijeni vesmiru se vyvijel v posledni dob€ a ve skutecnosti v pribéhu mnoha desetileti jsem
praci mnoha mysliteld a predtim jste se samoziejmé zminili o Rogeru Penrose Penrose hrél v
této myslence zdsadni roli a snaha porozumét tomu, jak charakterizovat vyvoj vesmiru a
samoziejm¢e entropie je mysSlenka, kterd v tomto pfibéhu hrala zasadni roli, takze mozna
muzeme ud¢lat krok zpé€t a jen si predstavit kde fict 1800 a tam jsou parni stroje, které 30:01
lidé se snazi pochopit a ve snaze pochopit, pro¢ parni stroje vzdy uvolilovaly ur¢ité mnozstvi
tepla do zivotniho prostiedi, vzdy piichdzel odpad, ktery spalujete toto palivo a chcete, aby
palivo pfimélo pist tladit na vzduch v kanystru, ktery fidi jakékoli mechanické zatizeni, aby
podstoupil jeho minaci, je vzdy odpad a to vedlo lidi, jako jste vy, jesté dale zpét do carau,
ptivedlo lidi jako bolman k tomuto pojmu entropie, coz je velmi kluzka ptfedstava zejména
pro ty, kteti se nemaji dobie zbehly v jazyce matematiky, jak v obecném kontextu intuitivné
pfemyslite o tomto pojmu entropie a jak byste jej popsal Sirokému publiku, nejprve mi
dovolte fici, ze si myslim, ze objev termodynamickych zakonti Williama Thompsona pozdéji
Lord Kelvin a Rudolph clausius v Némecku je to jeden z nejkrasnéjSich ptibéhtl ve fyzice, ale
ehm, myslim, Ze je to klicova véc, dovolte mi, abych nejprve fekl, uh, myslim si véc, ktera
byla uzasné ignoruje se, Ze vSechny zakony, zdkony termodynamiky a jejich vysvétleni
pomoci atomistické teorie statistické mechaniky, atomistické vysvétleni toho vseho, co se
vyvinulo ze studia parnich strojii, nyni parni stroje prestanou fungovat, pokud para unikne z
valec a uh, takze kdyz se podivate na vSechny ty skvélé pocatecni papiry, které uh, tak ty,
které jsem zminil a vy jste zminil, uh, véetné také Velkého amerického um 32:00 Gibbs a
Maxwell vSichni pfedpokladaji molekuly ¢astic v krabici, takze typickou situaci popisujici
entropii si miZete pfedstavit, jako byste dostali krabici se vzduchem a zacali s malou kostkou
ledu ve spodnim rohu krabice. spodni roh krabice a ten led v kiist’alové lati je velmi vysoce
strukturovany, ve vzduchu jsou molekuly vody, vSechny pluji kousek po kousku a led taje,
stava se vodou a pak se voda odpafuje a pak vSechny jeho molekuly vody jsou rozprostieny
kolem véci a to je technicky nevratny proces, kdybyste mohli zastavit uh vSechny ¢éstice a
pfesné zvratit jejich pohyby, vratily by se zpét do toho uh bloku oka té malé kostky ledu, ale
to se nikdy nestane a ten proces je z vysoce uspotadaného statu, piesel jste do vysoce
neuspofadaného stavu, takze 33:03 to je v podstaté to, co lidé fikaji, je rlist entropie a neni
pochyb o tom, Ze je to spravné a mam na mysli véci, které vzesly ze studia entropie a
termodynamiky a statistické mechaniky, jsou prosté uzZasné, jde to dal a dal a potad to jde na
uzasnych objevech mozna nejneuvétitelnéjsi ze vSech byl objev prvnich Quantum Effects
Max plankem zaloZenym na snaze porozumét témto procesiim pomoci zateni Myslim, Ze pied
tim existuje jen jeden ¢lov€k Pokud se mohu chlubit, kdo fekl, co se stane, kdyZ tam krabice
nebude, a pokud feknéme, Ze tyto ¢astice interaguji prostfednictvim gravitace, ted’ jedina
osoba, ktera to zpochybnila, byl ludc Boltzman v roce 1896, kdyZ se zapojil do velmi slavné
debaty s némecka nula, ktera se pozd¢ji stala velkym 34:00 logik vysvétlujici druhy
termodynamicky zakon, a tak se Meo velmi spoléhal na slavnou vétu, kterou panker prokazal
jen pted nékolika lety, teorém o opakovani, ktery kdyz mate takovy dynamicky systém v



krabici, pokud dostate¢né dlouho ¢ekate vrati se libovolné blizko k jakékoli poloze, ve které
byl v ptfedchozim, takze oba uh Meo tekl, ze chci druhy termodynamicky zakon, ktery ik, ze
entropie musi vzdy vzrust, ale uh v této situaci je to jasné vrati se to znovu a ve skutecnosti je
to viceméné jen poznamka pod ¢arou od bmana, ktery tika, zda jsme si tak jisti, Ze vesmir je v
krabici a uspokojuje opakovani

(07)- principle and 1 don't I'm not sure that anybody else has taken it up if you read uh um
gibbs's book published just at the end of his life very great book where he he develops all his
theory with his probability and lille's Theorem and he says but | must point out that this
35:06

Theory will fail if the system can expand into Infinite Space or the momenta can become
unboundedly large because then my probabilistic arguments will fail but he doesn't say uh
what what could go then now Einstein said that the only physical Theory which he was
convinced would never be overthrown within the domain of applicability of its basic concepts
is thermodynamics but Einstein didn't spell out what those basic concepts are and the basic
concept is essentially the system must be in a box or mathematically speaking technically it's
that the Solutions of the dynamical system can only explore a phase space of bounded leil
36:06

measure and if it's unbounded | would say the diff it's a difference between night and day
before we get there because that that that is a key point but I just want to make sure that we
cover the more conventional system a little bit more fully just to tie it into our theme on on the
nature of time so if we are in a bounded system like a body as you have described things if
you start in an ordered State it's quite clear that over time the system overwhelmingly is likely
to go to a more disordered state so you had the ordered ice in a nice crystal lattice and over
time those molecules they melt they fill up the box and it's a more disordered environment
now you're also saying that that transformation from from order to disorder from low entropy
to higher entropy it's a tendency even in that
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setup it's not an ironclad law because as you made reference there are those who showed that
if you wait long enough the system through its random motion will find its way back
arbitrarily close to the ordered state that it began with so it's a statistical statement the second
law of Thermodynamics even in this constrained setup is a statistical statement it's
overwhelmingly likely to go from order to disorder but you wait long enough and highly
unlikely intuitively unlikely things will happen the system can find its way back arbitrarily
close to beginning so in in that bounded setup we seem to have at least some semblance of a
notion of time

The Arrow of Time

having a direction it tends to go from order to disorder now again we're going to then move in
a moment to the more General situation where we're not in a box but even in that more
constrained
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setup this seems to be progress it seems to give us some sense of an understanding of why
there is an orientation to time order toward disorder but as people like Roger Penrose pointed
out and maybe you did too there's a presupposition in there that there is some initial state of
order from which we can then degrade toward Disorder so it does raise the question of where
did the original order come from and this led people to suggest a new principle of physics



called the past hypothesis that for some reason that we don't understand things began in an
ordered State near the big bang and we have been living through the degradation of that
ordered State ever since is that a compelling set of words words to you for how we can have
an arrow of time come in in a cosmological setting or are you
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going to ask us to slide that to the side in favor of ideas that you have developed uh yes | am
uh in fact I would say it's it's it's perfectly all right for me living in this lovely house where |
am I'm I'm slowly degrading H will move next door into the churchard it's very beautiful uh
but | would say it's completely the wrong way to think about the Universe | think uh um D
think uh well nothing is ever certain in science so this is this is just my conviction but I think
it's quite persuasive and and D just go to the oldest dynamical Theory which exists which is
Isaac Newton's theory of universal gravitation and there um if the energy this has been known
since 1772 if the energy is non
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negative uh the uh so the energy is either zero which is the one that Mark would like and 1 do
like uh uh and and then the system uh well there's two possibilities the most common one if
the energy is zero or it's positive is that in the infinite Newtonian past the size of the system
will be infinite great infinitely great it will come down to a finite size and then go up again to
an infinitely great size and uh that's that size is measured by a ruler outside the universe but
that already defines two uh bidirectional arrows of time going either way from that point of
minimum size so if | were God looking at this happening from outside and | had my ruler to

(07)- princip a ja ne. Nejsem si jisty, ze se toho chopil nékdo jiny, pokud si piectete uh um
Gibbsovu knihu vydanou pravé na konci jeho Zivota, velmi skvéla kniha, kde se svou
pravdépodobnosti rozviji veskerou svou teorii \a Lille's Theorem\ a on tika, ale musim
podotknout, Ze tato
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teorie selze, pokud se systém mtize rozsitit do nekonecného prostoru nebo se hybnost mtize
stat neomezené velkou, protoze pak mé pravdépodobnostni argumenty selZzou, ale netika, co
by se mohlo stéat, pak Einstein fekl, Ze jedina fyzikalni teorie, o které byl ptesvédcen, by nikdy
nebude svrzena v ramci oblasti pouzitelnosti jejich zakladnich pojmi, je termodynamika, ale
Einstein nevysvétlil, co tyto zdkladni pojmy jsou, a zakladnim konceptem je v podstaté
systém musi byt v krabici nebo matematicky vzato technicky je to tak, ze Reseni
dynamického systému mohou prozkoumat pouze fazovy prostor ohranic¢eného leilu,
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méfit, a pokud je neomezeny, fekl bych, Ze rozdil je rozdil mezi noci a dnem, nez se tam

wvewr

systém trochu uplnégji, jen abychom spojte to s nasim tématem o povaze ¢asu, takze pokud
jsme v ohrani¢eném systému, jako je télo, jak jste popsal véci, pokud zacnete v uspotradaném
stavu, je zcela jasné, Ze v prubéhu casu systém vétSinou pravdépodobné piejde do vice
neuspofadany stav,

**VSUVKA:

Minulost je podle Smolina zcela klasickd. Zkuste ptremyslet

takto : Pfed velkym tieskem byl vesmir jen hladkym nekone¢nym ¢asoprostorem bez hmoty,
bez toku plynuti Casu a bez rozpinani (protoze byl nekone¢ny v 3+3 dimenzich ). Pak nastala



ta skokova zména ,,stavu predeslého na stav ,,nasledny = nas pokiiveny vesmir* s hmotou a
poli, a s rozbalovanim Casu a rozbalovanim délek a to do...??, do ¢eho ? Bud’ je to tak, ze se
rozbaluje ,,do Niceho..., anebo ,,nas pokiiveny ¢asoprostor s hmotou* plave v plivodnim
plochém euklidovském rastru-siti-pfedivu 3+3D...a pak se tedy ,,sou¢asnost* hrne-rozbaluje
do ,,budoucnosti nikoliv ,,do Niceho*, a minulost je uz stav deterministicky, budoucnost se
nevi jak se ,,promény kiivosti dimenzi pietvaruji“. Minulost je ,,zakonzervovana“ tak jak se
zmény vyvijely a staly, jsou definitivni, ano; budoucnost jsou zmény, které nastanou...jisté,
ale to vime 2000 let. To neni novy poznatek pro pochopeni ,,Casu‘ bezezbytku, ani

k pochopeni nazoru, ze: ,,éas neplyne nam, ale my plyneme jemu“. Déle povidani o entropii
nebo ,, o stavani se* (Heidegger) ndm nepomuize poznat dalsi ,,chovani ¢asu: zda ma stejné
tempo plynuti po celou historii déjin Vesmiru, zda se tempo plynuti casu neméni v riznych
etapach historie..., zda tempo plynuti ¢asu je stejné ,,po celém vesmiru‘ alebo je lokalng,

v nmoha Casoprostorovych lokalitach vesmiru jiné. Nepomiize nam to zjistit ,,proc* je tempo
plynuti ¢asu praaave takové jaké ho mame na Zemi. Nepomuze nam to dale badat nad tim
proc¢ je tempo plynuti ¢asu na Zemi to nejrychlejsi a vSude jinde pry je pomalejsi a pomalejsi (
viz tvrzeni Ceského prof. Kulhanka ). Nepomiize nam to zjistit, zda ¢as ma také dimenze.
Nepomuze nam dale badat ,,jak se ¢as zaktivuje* a kde a co z toho plyne. Nepomutze nam to
zjistit jaké chovani ma Cas v ,,antisvéte™, tj. ve druhém kvadrantu Vesmiru ,,za branou®. Atd.
Uz to nejsou pravdépodobnosti. Jsou definitivni. UZ se staly. Nemohou se stat. Tot” otdzka
,,CO“ stat se stejného z minulosti Se mize a co ne. To také neni taxativné stoprocentné feceno.
Budoucnost je vSak kvantova.???? Pro vyrobu budoucnosti sice Vesmir potiebuje
pravdépodobnosti, i QM, ale to neznamena, ze pro budouci realitu nepotiebuje napft. gravitaci,
nebo elementarni hmotu, kterd je uz beze zmény od Veského tiesku. ( elektron je stale stejny
uz 13,8 miliard let a takovy bude 1 v budoucnu ). Takze budoucnost neni jen kvantova. **
KONEC VSUVKY z https://www.hypothesis-of-universe.com/docs/aa/aa_227.pdf ;
DRUHA VSUVKA:

...a pokud toto poznani vede k neustalému vytvareni vice informaci, pak se také zvysuje
entropie. http://www.hypothesis-of-universe.com/docs/h/h_030.pdf A protoze klasicka
definitivni minulost se stdvd zndmou a nemuize se vréatit do neznama, ¢as nelze zvratit Plynuti
¢asu jednim smérem nelze zvratit do opacné Sipky pouze v makrométitku .V mikroméfitku na
planckovych skalach ,,svét kvantové mechaniky®, to lze, napt. ,,balickovanim 3+3D, coz vede
k vyrobé hmoty http://www.hypothesis-of-universe.com/index.php?nav=e a entropii také
nelze snizit (...)Opravdu nevime, co je ¢as, vime to ; jen o ném nevime vSechno ale jsme si
zcela jisti, Ze tato entropie ve vesmiru narista, a proto je stale vice neusporadany. Ne, je take,
PUSpOrAdany http://www.hypothesis-of-universe.com/docs/eng/eng_009.pdf :
http://www.hypothesis-of-universe.com/docs/g/g_041.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_078.pdf To znamena, Ze entropie musela byt mnohem nizsi diive,
zvlasté v blizkosti velkého tiesku. Neuspotfadanost a slozitost stavii usporadanych jsou dva
jiné pohledy na véc. Jak se vesmir na zacatku dostal do tohoto superuspoiadaného stavu s
nizkou entropii? http://www.hypothesis-of-universe.com/docs/aa/aa_078.pdf To je z&hada.
Neni to zahada, pochopeni je ziejmé zde http://www.hypothesis-of-
universe.com/docs/eng/eng_009.pdf Ale ptivadi nasi diskusi 0 ¢ase do méfitka vesmiru a
kosmického ¢asu. Kézby miyj nekoneény monolog ( 20 let ) byl také jednou i diskuse-
dialog.**

KONEC DRUHE VSUVKY



https://www.hypothesis-of-universe.com/docs/aa/aa_227.pdf
http://www.hypothesis-of-universe.com/docs/h/h_030.pdf
http://www.hypothesis-of-universe.com/index.php?nav=e
http://www.hypothesis-of-universe.com/docs/eng/eng_009.pdf
http://www.hypothesis-of-universe.com/docs/g/g_041.pdf
http://www.hypothesis-of-universe.com/docs/aa/aa_078.pdf
http://www.hypothesis-of-universe.com/docs/aa/aa_078.pdf
http://www.hypothesis-of-universe.com/docs/aa/aa_078.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_009.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_009.pdf

takze jste méli uspotradany led v pékné krystalové miizce a Casem ty molekuly, které roztaji,
zaplni krabici a je to neuspotradanéjsi prostiedi, ted také tikate, Ze ta transformace z fadu do
neuspofadanosti z nizké entropie na vyssi entropie je to tendence i v tom
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Nastaveni, to neni zelezny zakon, protoze jak jste se zminil, jsou taci, ktefi ukazali, Ze pokud
budete ¢ekat dostatecné dlouho, systém prostfednictvim svého ndhodného pohybu najde cestu
zpét libovolné blizko k uspotddanému stavu, kterym zacal, takze je to statisticky vykaz druhy
termodynamicky zakon i v tomto omezeném nastaveni je statistickym tvrzenim, je velmi
pravdépodobné, ze piijde od fadu k nepotradku, ale ¢ekate dostatecné dlouho a vysoce
nepravdépodobné intuitivné nepravdépodobné véci se stanou systém si mize najit cestu zpét
libovoln¢ blizko. Abychom zacali tak v tomto ohrani¢eném uspotadani, zda se, Ze mame
alespoii n&jaké zdani pojmu ¢asu. Sip ¢asu mit smér, ktery mé tendenci jit od fadu k
neporadku, ted’ znovu, pak se za chvili pfesuneme do obecnéjsi situace, kdy nejsme v krabici,
ale dokonce 1 v této omezeng;si.
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Zda se, Ze toto nastaveni je pokrok, zda se, ze ndm déava urcity smysl pro pochopeni toho,
pro¢ existuje orientace na casovy fad smérem k neporadku, usporadané stavy prechazi do
neusporadanych ,,plynule” ( v souladu s tokem casu ), A neuspoiradanost piechazi

V uspofadanost ,,“, okamzitymm skokem ... Big-bang byl ,,okamzity skok* = zména
stavu Casoprostoru s k=0 nastavs k =nekonecno, skokem, ale jak zdlraznili lidé jako
Roger Penrose a mozna jste to udélali i vy, existuje predpoklad, ze existuje néjaky
, k = 0 ze kterého pak mizeme degradovat smérem k nepofadku, k = nekonec¢no ; t =
0.

Cili opakovani: PFed BB je kiivost viech dimenzi k =0 ; t = nekone¢no. Nastane skok =
zména stavu Po BB je k = nekonesno ; t = 0. Nyni nastane geneze ,,naseho* vesmiru, ktery
kon¢i s t = nekonecno ; k =0 a...a cyklus se opakuje jak si to pieje pan Penrose ... takze
vyvolava otazku, ptivodni #4d, odkud? Rad ¢asoprostoru s 3+3 dimenzemi
Casoprostoru je Fadem proto, Ze tu je se vSemi 3+3 plochymi dimenzemi, k = 0, prostor je
nekonecny, ¢as >nulovy< stoicky, bez plynuti, stav ttohoto vesmiru — Casoprostoru je bez
hmoty, (potazmo bez energie), bez fyzikalnich poli, bez zakont, bez pravidel, bez principt a
to vedlo lidi k navrzeni nového principu fyziky zvaného minuld hypotéza, ? ktery z néjakého
divodu, kterému nerozumime véci zacaly v an naftidil stat blizko velkého tfesku a od té doby
prozivame degradaci tohoto spofddaného statu, coz je piesveédciva sada slov, kterd vam tika,
jak mizeme nechat $ip ¢asu vstoupit do kosmologického prostiedi nebo jste tato fec nic
nevysvétluje
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zeptame se nas, abychom to posunuli na stranu ve prospéch myslenek, které jste rozvinuli uh
ano jsem uh ve skutecnosti bych fekl, Ze je to je to je pro mé naprosto v poradku zit v tomto
krasném domé, kde jsem, jsem j& pomalu degraduje. ?? M¢li by jste pochopit, ze entropie tu
sice na kazdém kroku je, ale také vedle entropie tu je >néco<cose skokem zesloziti,
naroste slozitost a...a ta se zafadi zase do ,,laviny entropii“. Pfesunu se vedle do kostela, je
to velmi krasné, ale ekl bych, Ze je to Gplné Spatny zptlisob, jak pfemyslet o vesmiru. O.K.
Biih patii do lidskeé fiSe, Vesmir je jina fiSe, kde se ,,pracuje s fyzikou®... Myslim, Ze ve védé
neni nic jistého, takZe tohle je to jen moje piesvédceni, ale myslim si, Ze je to docela
piesv&divé a ja jdu k nejstarsi dynamické teoriil, ktera existuje, coZ je teorie univerzalni
gravitace Isaaca Newtona a tam, pokud energie je zndma od roku 1772, pokud energie neni
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negativni uh, uh, takze energie je bud’ nulova, coz je ta, kterou by chtél Mark ?? kdo to je a j&
mam rad uh uh a a pak systém uh dobfte, jsou dvé moznosti, nejbéznéjsi, pokud je energie
nulova nebo je kladna, je, Ze v nekonecnd Newtonova minulost, velikost systému bude
nekonec¢né velka nekonecné velka, klesne na konecnou velikost rozbalovani dimenzi ,,previzi‘
¢iny ,,sbalovani“ dimenzi...vysledkem bude opét 3+3D Casoprostor s k=0 a pak se zase zvysi
na nekoneéné velkou velikost ta entropie = 3+3D casoprostor s k=0 a to je ta velikost, kterou
m¢éfti pravitko mimo vesmir, ale to uz definuje dvé uh, obousmérné Sipky ¢asu jdouci obéma
sméry od tohoto bodu minimalni velikosti, jsem ptesvédcen, ze se v rozvinutém Vesmiru (od
BB do big-cruichu) uplatnila, prevazila jednosmérna Sipka (Casu) v makrosvété do
nelinedrni rovnice OTR (z diivodi rozbalovavani kitvosti vSech dimenzi tj, tfech dimenzi
Casovych) a obousmérna Sipka se uplatnila v mikrosvété do QM do linearni rovnice
interakci (z dtivodu vyroby elementarnich ¢astic hmoty a jejich vzajemnych pfemén-promén,
vyklad o tom je jinde) takze kdybych byl Biih, dival se na to zvenéi a mél bych svého vladce,
aby

3

(08)- measure it I would see those arrows of time and they are there by
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Newton's Laws there's no special past hypothesis has to go in that point of minimum size
which is what | call the Janis point is there an immediate consequence of Newton it's a twool
line proof out of Newton's Laws it's Newton's second law and the fact that the gravitational
potential it has a property called homogeneity of degree minus one and it's negative definite
so it's a two-line proof and it was already known in 17 19 72 uh but now what is much more
interesting is if you were inside that universe and you could look at its shape what its shape is
and the shape is most uniform at that Janis point and as it goes away from it in both directions
the shape gets more structured clusters form and those clusters particularly you get Kepler
pairs forming that's two particles going around each other in capan orbits and as they do all of
these
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ones they start marching in Step each Kepler pair becomes a rod clock and Compass all in one
and they all are Marching In Step becoming synchronized with each other in the most
fantastic uh growth of order so at the where J just so you're saying these klarian pairs which
are just two particles orbiting around each other in essence become a clock because it's cyclic
Motion in essence become a rod because there's some specific separation between them that's
the the major the length of the Li and that gives you a compass as well because you've got a
Direction that's comp as well yeah so you're saying that there it's a general property of just
classical we're talking classical Newtonian physics here and the usual classical neonian
gravitational pole between Mutual massive objects if you start with some random
configuration of particles in the
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| hate to use this language but infinite path just to give us a language to speak about it you're
saying that the general solution ultimately has the shape that you are describing that it will
collapse down to some minimum size and from there it will then evolve into these cut
capillarian pairs as it evolves toward the the future from that point yes every every solution
well it's not quite every solution because there are even more interesting ones which we'll
come to but basically uh there is so you can imagine this a Newtonian timeline and the



direction in the timeline is completely nominal so you can say that's going forward or that's
going forward but in the middle there's always in the middle there's a situation where the
particles are like a swarm of bees and in both directions away from it all of this fantastic
structure emerges and that is just come straight out of Newton's Laws it's nothing whatever to
do with anybody putting in a special past hypothesis or anything like that but is that different |
mean bolts boltzman of course had this
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this idea that you start with you know gas in a box and it's got random motion and if you wait
long enough through sort of the recurrence ideas as well but any configuration will be
sampled if you wait long enough you wait long enough those particles can have an
entropically decreasing evolution get to a low entropy State and from there you can then
unfold to a higher entropy State toward the future where there can be structur and root to that
high entropy future is this an an example of that or is this somehow distinct from that Bol
Manan idea no no no it's completely different that that effect there Bri when you have the uh
this this entropy normally it's tiny fluctuations that that happen you you have to wait immense
time but except for
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those very brief moments when you would get a big fluctuations uh the situation is always
like a swarm of bees the swarm of bees in Newtonian theory is just at that one point there
there's only one swarm of bees in the thing like that and in both directions away from it so it's
a completely different picture it's completely and utterly different and this was first pointed
out uh in in this paper by myself and my two collaborators Tim klovski and Flavia McCarty
published in 2014 in physical review letters and they were so worried about it they sent it to
five referees and what was the worry what was the what was the worry then | mean it's an
unfamiliar way of framing things | mean because we were overturning a a a dogma of 170
years saying there's no exp basically for 170 years people had
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thought there was no explanation for the arrow of time and we were showing it least in
Newtonian theory that that is an arrow of time comes out of the the oldest known theory of
dynamical theory so it's a Time symmetric configuration in the sense that from this minimum
size the evolution that way or that way looks very similar so you sort of have time symmetry

(08)- zméite to Videl bych ty Sipky ¢asu ne, nevidél, neb jsou v mikrosvété na planckovych
Skalach a jsou tam
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Newtonovy zakony, neexistuje zadna minulé hypotéza, pro¢ neexistuje? musi jit do
bodu minimalni velikosti, kterému fikam Janistiv bod, existuje bezprostiedni dusledek
Newtona, je to dvourddkovy dikaz z Newtonovych zékont, je to druhy Newtoniiv zdkon a
skutec¢nost, ze gravitacni potencial ma vlastnost zvanou homogenita stupné¢ minus jedna a je
zéporn¢ definitni, takze je to dvoutadkovy ditkaz a byl znam jiz v 17. 19 72 uh, ale ted’ je
mnohem zajimavéjsi, kdybyste byli uvniti toho vesmiru a mohli byste se podivat na jeho tvar,
jaky ma tvar a tvar je nejjednotnéj$i v tom Janis bod€é hm, navrh je to pékny, ale kde je popis
toho navrhu, tj. ,,co dokaze Janistiv bod“? a jak se od n¢j vzdaluje v obou smérech, tvar
vytvoii se strukturovangjsi shluky z ¢eho? Pokud z dimenzi veli¢in, pak by to mohly byt moje
balicky elementarnich ¢astic, Z nich slozitd hmota a zejména tyto shluky se vytvoii Keplerovy



pary, coz jsou dv¢ ¢astice, z ¢eho?, které se kolem sebe pohybuji po Capanovych drahéch to
je co? a stejné jako vSechny tyto
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ty zacnou pochodovat v kroku kazdy par Keplerovci tj. jakoze po machnuti carovnou
hulkou ,,se stane*? ty¢ovymi hodinami ?? a kompasem v jednom a vSechny pochoduji krok za
krokem se synchronizuji spolu s tim nejfantastictéjSim ristem fadu, ?? takze tam, kde J prave
tak tikas tyhle klarijské pary, které jsou jen dvéma ¢asticemi obihajicimi kolem sebe v
podstaté, se stavaji hodinami, Castice se stavaji hodinami?? protoze je cyklicky Pohyb se v
podstaté stava tyci, a pohyb se stava ty¢i?? protoze mezi nimi kde se vzala, tu se
vzala ... urcita specificka separace, ktera je nejvétsi z délky Li ?? lithium??) a ktera vdm dava
kompas také, protoze mate Smér, ktery je také kompas, ano, takze fikate, Ze je to obecna
vlastnost pouze klasicke, ¢eho? Eziskoromemamichut daltorCistaNIC R0z Uminenostu
neni..| zde mluvime o klasické newtonovské fyzice a obvyklém klasickem neonovém ?
gravitatnim po6lu mezi Vzajemnymi hmotnymi objekty, pokud zac¢nete s n€jakou ndhodnou
konfiguraci ¢astic v
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Nerad pouzivam tento jazyk, ale nekone¢na cesta jen proto, aby nam dal jazyk, abychom to uz
je kdakani o kdakani o tom mohli mluvit, fikate, ze obecné feSeni ma nakonec tvar, ktery
popisujete, Ze se zhrouti na né¢jakou minimalni velikost a odtud se pak vyvinout se do téchto
fezanych kapildrnich part, jak se to co ,,to*? vyviji smérem k budoucnosti od toho bodu ano
kazd¢ feSeni dobfte, neni to uplné kazdé feSeni, protoze existuji jesté zajimavéjsi, ke kterym se
dostaneme, ale existuje, takZe si to dokaZete predstavit newtonovska ¢asova osa a
smér na ¢asové ose je zcela nominalni, takze muzete fici, ze jde doptedu nebo Ze jde doptedu,
ale uprostied je vzdy situace, kdy jsou ¢astice jako roj v€el a v obou smérech pry¢€ od cela tato
fantasticka struktura se vynofuje a praveé to vychazi ptimo z Newtonovych zakoni, neni to nic
spole¢ného s tim, ze by nékdo zavadél specialni minulou hypotézu nebo néco podobného, ale
je to jiné, myslim Srouby Boltzman to samoziejmé mél
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tato myslenka, se kterou zacinate, znate plyn v krabici a ma ndhodny pohyb, a pokud budete
¢ekat dostatecné dlouho prostednictvim napadl s opakovanim, ale kazda konfigurace bude
vzorkovana, pokud pockate dostatecné dlouho, pockate dostatecné dlouho, které ¢astice
mohou mit entropicky klesajici evoluce se dostane do stavu nizké entropie a odtud se pak
muzete rozvinout do stavu s vyssi entropii smérem k budoucnosti, kde mlze byt struktura a
kofen této vysokeé entropie budoucnosti ?? je to ptiklad toho nebo je tohle se n&jak 1isi od
myslenky Bol Manan ne ne ne je to uplné jiné, ze ten efekt tam Bri kdyz mas uh tohle tuhle
entropii nevim zda toto komoleni tu déla prekladac, nebo autor... normalné jsou to drobné
vykyvy, Ze se to stane, musi§ ¢ekat nesmirnou dobu, ale kromé
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ty velmi kratké okamziky, kdy byste méli velké vykyvy uh, situace je vzdy jako roj vcel, roj
vcel v Newtonov¢ teorii je pravé v tom jednom bod¢, v takové véci je jen jeden roj véel a v
obou smérech pryc od toho, takze je to uplné jiny obrazek, je to tipln€ a Gpln€ jiné€ a na to
jsem poprvé poukazal v tomto ¢lanku ja a moji dva spolupracovnici Tim Klovski a Flavia
McCarty publikoval v roce 2014 ve fyzickych recenznich dopisech a oni se tim tak obavali,
ze to poslali péti rozhod¢im a jaké to bylo znepokojeni, jaké to bylo, jaké to bylo znepokojeni,
pak myslim, Ze je to neznamy zpisob ramovani véci, myslim, protoZe jsme pievraceli ?? a a



dogma 170 let fikd, Ze neexistuje zadny exp v podstaté za 170 let, co lidé méli ?? uz vititibec
nevim o ¢em se tu mluvi
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mysleli jsme si, Ze neexistuje zadné vysvétleni pro ¢asovou Sipku, tohle je prvni
SROZUMITELNA véta po 20ti minutach ¢teni... a my jsme to nejméné ukazovali v
newtonské teorii, Ze tato Sipka asu pochdzi z nejstarsi znamé teorie dynamické teorie, takze
jde o casové symetrickou konfiguraci ?? bez vysvétleni nevim o co jde v tom smyslu, ze z
tohoto minima velikost evoluce tak ¢i onak vypada velmi podobné, takze mate uréitou
Casovou symetrii placani o placani

(09)- in aggregate but if you | gather are an observer on one side of the growth or the other
your world appears to have an arrow of time because you're not really aware of the overall
picture is that a way of describing it that's at that stage and that's the stage we got to 10 years
ago now um as | was writing the Janice point | became much more interested in the very
special there are very special Solutions which are much more remarkable now these have
47:02

been known about for about30 years they're called total Collision Solutions now there are
Newtonian Solutions where you have the shape that the the particles form is changing but
then they're very special and it can happen that all the particles come together in a very
special way and they all Collide at once at the center C of mass and that's called a total
collision and there's a very special shape there and then if you time reverse that that's a
Newtonian big bang and then instead of having this Janice Point situation you have a very
special situation at uh at the start of that and then then it's like half of those Janis Point things
S0 you start with a very special State and then the the the again all these cap Pairs and form
and that is I'm I'm really only getting clear on
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this 1 would say so Newton when he created Dynamics he introduced the concept of absolute
space and absolute time and with absolute space comes a notion of absolute scale so then
what I'm now arguing is I'm now going to say that Newton got one thing absolutely two
things absolutely right his second law of motion and the gravitational force law but he
introduced extra structure which was like putting well let me say it was like putting angels in
a prison absolute space and time and scale so they couldn't do so that the Universe couldn't do
what it wants to do and so | say let's look at all the solutions that Newton Theory but only but
throw away all of those
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which are contaminated or have been put in prison by his absolute space time and scale and
then what is left is just these very special Solutions no other Solutions than these ones that
start they are actually maximally Orting they are remarkably like a past hypothesis because
they're very very uniform they're not perfectly uniform there are always some non-
uniformities in them and then they go off in a very special way and basically they will start
more or less in thermal equilibrium but nevertheless following a very particular course and
then they will will go on and I think this is potentially very very interesting and it's I would
say there's miraculous things in Newtonian Theory which are only now coming to light and so
would it be a way of

Past Hypothesis and Newtonian Physics

50:00



summarizing it whereas the conventional story that many of us have been telling requires that
we make this Assumption of the so-called past hypothesis and again just that the audience is
completely aware of what the terminology means that is the assumption that in the distant past
we were in a state of high order very low entropy allowing us to then degrade to higher
entropy as we head toward the future you would want to say that you don't really need to
make that assumption per se because it's a natural dynamical consequence at least in
Newtonian theory that you would find yourself in that state and then from there things would
degrade to higher disorder from that point is that a reasonable summary no no no no they the
the there would be no degration it would just be getting ever better ordered all the way it
would be the the Universe would start with uh | would make the distinction between
uniformity and
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structure or variety so the so the picture that | have now is the universe starts at its most
uniform shape that it can possibly have it's not perfectly uniform there'll always be certain uh
differences and then it will go and get more and more structured uh more and more varied and
and | would say there are sort of nuggets of variety which form these are my Kepler pairs um
and so this so we're now showing what it would look like now this is in two Dimensions uh
and uh this is what the if it was a two-dimensional Newtonian Big Bang this would would
look what the big bang would look like now the you will see that the density of the particles
this is a thousand particles the density of the particles is increasing from the center to the rim
now if that were done in three dimensions that would be an
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incredibly perfect sphere uh it wouldn't be completely uniform but it would be a very uniform
density with a perfect spherical rim and that's a very wonderful property of Newtonian Theory
solely in Newtonian gravity it's Newton's potential theorem it's what explains why the Sun
and the moon the celestial bodies are spherical and it's a it's a very interesting property so
basically uh what you're seeing there is is uh Newtonian gravitational forces pulling it towards

(09)- v souhrnu, ale pokud se domnivam, Ze jste pozorovatel na jedné stran¢ rtstu ¢eho?
nebo na druhé, vas svét se zda byt Sipem Casu, protoze si ve skutenosti neuvédomujete
celkovy obraz, je to zpusob, jak jej popsat to je v té fazi a to je faze, do které jsme se dostali
pied 10 lety, ted’, kdyz jsem psal bod Janice, zacal jsem se mnohem vice zajimat o velmi
specialni, existujici velmi specialni feSeni, ktera jsou nyni mnohem pozoruhodnéjsi. Je tu
n¢kdo kdo tomu rozumi a chape to?...
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o kterych se vi asi 30 let, fik4 se jim totalni kolizni feSeni, takze se uz 30 let vi o “totalnim
koliznim feSeni, no a ¢eho?... nyni existuji newtonovska feseni, kde mate tvar, Ze se tvar
¢astic méni, no, mam tvar, a ten je newtonskym feSenim...¢eho? ale pak jsou velmi zvlastni a
, miiZe se stat i to, Ze se na Komorni Hiirce (to je u Ase v zapadnich Cechéch)
otevie zem vyvali se kouf a vyleze Cert a déla brm, brm, brm ... Ze se vSechny ¢astice spoji

ve velmi zvlastnim zpisobem a vSechny se srazi najednou ve sttedu hmoty C a tomu se ik

totalni srazka a je tam velmi (' méa dva rohy) a pak, kdyz ¢asem, je to

abyste m¢li situaci s Janice Pointem u t¢ Komorni Hirky... mate velmi zvlastni situaci na




zacatku toho a pak je to jako polovina téch véci Janis Point, takZze zacnete s velmi zvlastnim
stavem a pak znovu vSechny tyto pary Cepic a forma jsem Opravdu mam jen jasno
48:03

ekl bych to tak Newton, kdyz vytvortil Dynamics, zavedl koncept absolutniho prostoru a
absolutniho ¢asu as absolutnim prostorem ptichazi pojem absolutniho métitka, takze ted’
argumentuji, ze ted’ feknu, Ze Newton jeden dostal naprosto dvé VéCi‘ jsou naprosto v poradku,
jeho druhy pohybovy zakon a zakon gravita¢ni sily, ale zavedl zvlastni strukturu, ktera byla
jako dat dobie dovolte mi fici, ze to bylo jako umistit andély do vézeni absolutni prostor, ¢as a
méfitko, aby to nemohli udélat ,ze Vesmir nemohl dé€lat, co chtél, to je unaikatni slohova
prace ... a tak fikdm, pojd'me se podivat na vSechna feseni, kterd Newtonova teorie, ale
vSechna ta zahod’'me to je ¢estina jako kopyto...
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které jsou kontaminovany nebo byly uvéznény jeho absolutnim ¢asoprostorem a métitkem, a
pak zbyla jen tato velmi specidlni Redeni, zadna jind ReSeni neZ ta, ktera zadinaji, jsou ve
skute¢nosti maximalné Ortingova, jsou pozoruhodné jako minuld hypotéza, protoZe jsou' jsou
velmi velmi stejnomérné, nejsou dokonale rovnomérné, vzdy jsou v nich n&jaké
nestejnomernosti a pak se rozbéhnou velmi zvlastnim zptisobem a v podstaté zacnou
viceméné Vv tepelné rovnovaze, ale piesto sleduji velmi konkrétni pribéh a pak budou
pokracovat a myslim, Ze je to h)otenciélné velmi Zajimavé‘ a fekl bych, Ze v Newtonovské
teorii jsou zazraéné véci, které teprve nyni vychazeji najevo, a tak by to byl zpisob Minula
hypotéza a Newtonovska fyzika
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shrneme-li to, Ano, shriime to: je to o hovné a stoji to za hovno... (co vytvari ¢as jsem se
nedozvédél). Dal mi opadla chut’ ¢ist zatimco konvenéni piibéh, ktery mnozi z nas vypravéli,
vyZzaduje, abychom ucinili tento pfedpoklad takzvané minulé hypotézy a opét jen to, aby si
publikum bylo zcela védomo toho, co tato terminologie znamen4, Ze je pifedpoklad, ze v
davné minulosti byli ve stavu vysokého fadu velmi nizké entropie, coZ ndm umoznilo
degradovat na vyssi entropii, kdyZ smétfujeme k budoucnosti, chtélo by se fici, ze tento
predpoklad sdm o sobé skutecné nepotiebujete, protoze je to pfinejmensim piirozeny
dynamicky disledek v newtonské teorii, Ze byste se ocitli v tomto stavu a odtud by se véci od
tohoto bodu zhorSovaly na vy$si neporadek, je to, Ze rozumné shrnuti ne ne ne ne tam nebude
zadna degradace, jen by se to stale Iépe uspofadané jak by to bylo, vesmir by zacinal uh,
udélal bych rozdil mezi uniformitou a

51:03

struktura nebo rozmanitost, takze obraz, ktery ted’ mam, je vesmir za¢ina ve svém
nejjednotnéj$im tvaru, jaky miize mit, neni dokonale jednotny, vzdy budou urcité rozdily a
pak to ptjde a bude stéle vice strukturované, uh stale rozmanitéjsi a fekl bych, ze existuji
jakési nugety rozmanitosti, které tvoti toto jsou moje Keplerovy pary um a tak toto, takze ted’
ukazujeme, jak by to ted’ vypadalo, tohle je ve dvou dimenzich uh a uh tohle je to, co pokud
byl to dvourozmérny newtonovsky velky ttesk, vypadalo by to, jak by ted’ vypadal velky
tresk, uvidite, Ze hustota ¢astic toto je tisic ¢astic hustota ¢astic se nyni zvysuje od stiedu k
okraji kdyby to bylo provedeno ve tfech rozmérech, bylo by to an

52:04

neuvéiitelné dokonalé koule, nebyla by uplné stejnomérna, ale byla by to velmi stejnomérna
hustota s dokonalym sférickym okrajem a to je velmi GiZzasna vlastnost Newtonovy teorie
pouze v Newtonové gravitaci, je to Newtonliv potencidlni teorém, to vysvétluje, pro¢ Slunce a




Mésic nebeska télesa jsou kulovité a je to velmi zajimava vlastnost, takze v podstaté to, co
tam vidite, je uh newtonovské gravitacni sily, které tdhnou to smérem

the uh the center but at the same time there are repulsive forces so-called hook forces pushing
it apart so it's holding it in Balance um but then uh uh in those hook forces aren't really there
uh so so the Newtonian Theory they would collapse uh

53:01

but um then you you just run time the other way and you you get a situation where you start
looking like that and then you just get ever more structured uh and and ordered into the future
to it was Fineman who first said about the past hypothesis he said to explain the second law of
Thermodynamics you have to assume that something is added to the known laws of nature
which is not part of the known laws of nature to have that special condition in the past and
that's what David Albert uh I you probably know him in he's in New York like you uh has
called the past hypothesis so what we saying is that if you actually just look at the essential
core of Newtonian Theory you don't need a past hypothy it's sitting there in Newton's Theory
and it was disguised by Newton introducing his ideas of absolute space time and absolute
came in with absolute scale but I'm confused on on one point

54:02

so | obviously it's very appealing to have the conditions that we impose by Fiat calling it the
past hypothesis is just a fancy way of saying we don't really understand how it came to be but
we're going to demand that there was a time in the distant past that was highly ordered your
approach is saying that's a natural consequence of of Newtonian physics but from there
wouldn't you then in aggregate talk about a drive toward greater disorder from that point if
you're including both the matter degrees of freedom and the gravitational degrees of freedom
or would you want to deviate from that part of the conventional story as well that that part I
didn't understand what is what is really happening is as these uh what I call these nuggets of
variety so the the great thing about uh Newtonian gravity and also general relativity which is
very in many ways is very close to Newtonian gravity uh um you you get

55:04

clusters form and when clusters are formed that is essentially creating the conditions of a
steam engine so uh a very good example of this is globular clusters so globular clusters these
things with a million stars uh beautiful things um they would they are eff effectively
thermodynamic systems and some and you can more or less Define an entropy for them so we
don't quite know how they form but they have some sort of entropy and then they sort of heat
up in the center and things like that uh and there is a a beautiful theory of them but in fact
actually bit by bit they evaporate and as they evaporate uh this quantity which we call the
complexity so there's a key quantity which is not the Newtonian gravitational potential but it's
the gravitational potential multiplied by the quantity which defines the size of the system so
it's a scale

56:03

invariant quantity and that gets ever more structured and and so that's what's really going on
so but when these clusters form they have a for a short for a period a certain period of time
they behave to a very good approximation thermodynamically so | would say that
thermodynamics is an emergent law of nature which is has exists in a localized uh sort of
what you can you get an approximation to a thermodynamic system in a fin in a bounded
region of space for a bounded length of time but it comes into existence and it it it uh falls



apart and and so that's that | would say is is a is a very satisfactory State of Affairs so my
view is that there is there is an overall law of the

57:02

universe and then there are emergent local laws of nature one of which is thermodynamics or
the laws of thermodynamics and that the second law of Thermodynamics applies only
transiently to for these systems that come into existence and then go out of existence and in
the simplest case of the Newtonian uh nbody problem those Kepler pairs those are the ones
that exist forever they are a little bit like black holes they form they never well uh unless
quantum mechanics comes in which is a natural next question so the

Newton's Theory and General Relativity

results that you made reference to | gather have their most solid foundation as you described it
in Newtonian classical mechanics when you try to push the ideas to say general relativity to
go beyond Newton's version of classical

58:01

Theory or to Quantum Mechanics how far can you push them to date I well this this is very
much a conjecture but my conjecture is that um so first of all these very special Solutions you
would never see that they could they would that this total Collision or the time reverse Big
Bang you you can't if you just set up ordinary initial conditions and on a computer and evolve
them you will never find them because it's it's you would have to be aiming with infinite
accuracy so you can't get them and the conjecture and | emphasize it is a conjecture that |
have at the moment is that really general relativity at the Big Bang starts off just like I've
described and that it might just be that inflation is I mean inflation is a wonderful thing but
they have an awful lot of difficulty

59:01

understanding how it starts so my my intuition my my hunch is that really if if you could do
the same to general relativity there's there's an absolute scale in general relativity now let me
come in with Einstein here because this is very interesting so the key Concepts which Einstein
took over straight from minkovski are proper distance and proper time so these are absolute
quantities these rely on a clock and a ruler outside the universe and already in 1921 Einstein
was pointing out that he committed he did there's something not quite right with general
relativity because he says there's two quite distinct things in general relativity there's the
metric which gives you your special time your proper time and your proper distance and then
brought in from

1:00:00

outside completely independently rods and clocks which rods

1:00:06

and clocks which measure them and then he comes back to that in his autobiographical notes
at the end of his

1:00:13

life in 1949 where he says this is this is wrong he said | committed a

1:00:20

sin those rods and clocks should emerge out of the equations of was a theory not

1:00:27

brought in by hand like that but it was never done people

1:00:34

philosophers of science are aware of this this issue | mean that that that passage is often taken
up now what is



1:00:40

interesting is we have shown exactly how this happens in in Newton's Theory the rods and
clocks emerge within Newton's

1:00:47

Theory Newton's theory is such a good approximation to general relativity | think it's well |
1:00:53

mean it is happening in general if General relativity is the theory describing the universe that
it is now

1:00:59

rods and clocks are forming all over the place naturally whenever a planetary

1:01:04

system is forming the these are rods and clocks or or even presumably one can also just talk
about you know the

1:01:10

wavelength of radiation emitted in an atomic transition at one location versus

1:01:18

its measured value at another location those ratios that's a pure number and

1:01:24

that pure number is descri describing a scale factor by which say in our universe universe has
expanded so isn't

Quantum Mechanics

1:01:32

that an internal measure of size and how size can change

1:01:38

dynamically uh yes now but I'm not I hope I'm picking you up but let me come

1:01:43

in because I think what you said is something very important we we spoke earlier about
cesium atoms and these

1:01:49

marvelous atomic clocks now they did not and they could not have existed in the

1:01:54

universe before the first Supernova exploded because that's what created the cesium
1:02:01

atoms so those rods and clocks did not exist until what is it at least 300,000 no

1:02:09

it'sit's it's a | don't know quite how far it is into the universe but it's quite a long time by the
way Heisenberg

1:02:17

was very skeptical about this idea of going all the way back to know exactly when the Big
Bang was because he said

1:02:24

rods and clocks didn't exist then so that's pretty | think one really should think

1:02:30

about that so I I I come back to say and you can see this happening in the

1:02:36

Newtonian Theory those rods and clocks do not exist until the kep pairs are

1:02:42



formed B I'm just want Julian just want to push it a little bit further I I mean once you have
quantum mechanics as part

1:02:49

of your fundamental description as well as say the general theory of relativity
1:02:55

you can build this length called the plank length out of the fundamental

1:03:00

constants and that seems to be a fundamental Rod that comes intrinsically
1:03:06

out of the theory against which all other lengths can be compared so isn't

1:03:12

that a fundamental Rod or length that comes directly from the theory itself
1:03:19

it's there's no doubt that it's meaning it it has meaning in the present epoch
1:03:25

I'm not so sure again | think it's questionable whether it had any meaning

1:03:32

before let me say though now the now you'll probably say Julian we better
1:03:37

stop this discussion because I'm now going to say well even my collabor my
1:03:43

main collaborator and | are now really even beginning to wonder about quantum
1:03:48

mechanics whether whether it whether it whether there are wave punction and planks con
1:03:56

let me just say one thing about um well we've got there this's already a paper
1:04:02

by me out out on the archive um the thing that already puts a question mark
1:04:09

over quantum mechanics is the role of the planks constant Plank’s constant is
1:04:15

a dimensionful number that's again presupposing rods and clocks outside the
1:04:20

universe so that's a first question and

1:04:27

perhaps we could let let me let me say what now so I've obviously been thinking about these
things now you will know

1:04:34

about this the famous problem of time in general in in quantum gravity so back in
The Wheeler-DeWitt Equation

1:04:40

197 like wheeler dwit equation the wheeler dwit equation Bryce Bryce dwit wrote down what
is now called the

1:04:47

wheeler dwit equation which is still used and discussed a great deal and the
1:04:53



extraordinary thing about that was that he had a wave function of the universe but it was just
static it didn't change

1:04:59

uh and Bryce already suggested that the way

1:05:04

to resolve this apparent disappearance of time was to recognize that time is

1:05:09

always told by some something that's moving the hands of the clock must move to tell the
time so he said we we take

1:05:17

one degree of Freedom one Motion in the universe and we say that is telling time

1:05:22

and then we see how uh the other degrees of freedom are changing relative to the

1:05:28

one we've chosen to be the clock and that's called an internal time and that

1:05:33

is still being explored now | mean every now and then papers come up on that now
1:05:40

when | was writing the Janice point | thought | was thinking a lot about 1 |

1:05:45

my my first book The End of Time was about it trying to make sense of it | suddenly thought
what about this

1:05:52

quantity that that we call the complexity which is which is is really the quantity which is
governing

1:05:57

Newtonian gravity what about saying that is time because that that grows secularly it it
1:06:06

fluctuates a bit but it grows almost linearly with Newtonian time it it

1:06:11

emerges and grows like that | said suppose that is an internal time so this

1:06:20

was an extremely conventional uh uh suggestion it's at

1:06:26

the end of chapter 18 in the Janice point if viewers like to look it up and

1:06:32

then uh so | have my concept of shape space so shape space is uh uh for a

1:06:39

certain number of particles it's all the shapes that they can have and then uh

1:06:46

these shapes will have certain values of the complexity there will be a minimum there will be
just one shape which has

1:06:52

the absolute minimum that that's the shape of the big bang and then there are what | call isoc
complexity surfaces

1:07:00

these are all the infinitely many shapes that have the same value of the



1:07:05

complexity so then | said let us call that time or shall we say the difference
1:07:12

of that complex take away the absolute minimum and that's the age of the shape
1:07:18

and then on on uh so taking that as time | then wrote down a completely conven
1:07:26

time dependent shinger equation where | used that time as the as the time but
1:07:33

there couldn't be a Plank’s constant in it because it's not scaling variant so but it was
completely

1:07:39

conventional | very soon realized that it would have a unique solution because
1:07:46

of this very special structure of of shape space that there's always this very special most
uniform shape which |

1:07:53

called Alpha uh but then I got into discussion with

1:07:58

my collaborators uh Tim klovski and Flavia mccar so let me guess you're going to
1:08:05

say this gives you a measure a measure on shape space is that where this is this is going well
it is yes so what

1:08:11

what it the the first step was we realized that this not only is the

1:08:17

solution unique but it it has the same value at all values at at on the iso

1:08:23

complex all the that have the same complexity so uh then

1:08:30

immediately Tim Koslowski said yes that's not a trivial Theory because there's a probability
measure on shape

1:08:37

space so uh so there's in

1:08:42

fact once you take out scale the key thing that I'm now saying

1:08:48

threedimensional scale invariance is the symmetry which has been ignored for
1:08:54

centuries and it if I'm right it has it has the potential | believe to

1:08:59

completely and utterly change physics and cosmology because it says that
1:09:05

there's probabilities for shapes so you say you still say that the complexity is
1:09:10

your internal time but then that will immediately give you probabilities for
1:09:16



shapes now what was the wit trying to do he was trying to find probabilities not

1:09:22

for shapes in Newtonian Theory but the anal would be for configurations where there a scale
as well but the key thing

1:09:30

IS now we're getting probabilities for shapes and it's nothing we do it without

1:09:35

a wave function and we do it without Plank's constant and it's sitting there like

1:09:41

like a like a born density it's it's marvelous it all that would be a very

1:09:47

different way of of of doing physics and so it's certainly exciting to see that there are
directions that are quite

1:09:54

different from the mainstream that are being developed and have a chance of perhaps
succeeding it' be great to see

1:10:00

have this all unfolds in time but as our time is running short there are two things that | wanted
to get to related

1:10:07

to the conversation that we've had so far which is when one talks about

Barbour's view of how complexity arises in the Universe

1:10:14

complexity people have struggled over the course of a long period of time to find a rigorous
definition of

1:10:22

complexity we kind of know it when we see see it there are systems that look

1:10:28

very simple there are systems that look very complicated and therefore we kind

1:10:33

of know that there is some notion of complexity your notion of complexity

1:10:39

that you have defined | know there's a rigorous mathematical articulation of it

1:10:45

in terms of you know the small scale separations of particles versus the large scale separation
of particles in

1:10:52

in your shape space we don't have to go into the mathematics of it but it's a combination of
those two considerations

1:10:58

that you use to define mathematically some notion of complexity your

1:11:04

definition of complexity as you've described it though qualitatively speaking as you noted it it
1:11:10

monotonically increases and in that way can be used as a clock my

1:11:17

intuition about complexity doesn't do that I'm wondering if you can help me



1:11:22

Square the two if | take a you know the the canonical very simple system if |

1:11:28

just you know have milk that | pour into coffee right initially it's it's pretty

1:11:34

simple I've got you know uniform coffee I've got uniform milk if I then pour the

1:11:40

milk in if | wait long enough it also gets pretty simple it's just this you know brownish liquid
which is pretty

1:11:48

uniform not much structure in there not much complexity but it's in the

1:11:53

transition between the two that I find complexity where I've got tendrils of milk that are
winding their way through

1:12:01

the coffee and it's that intermediate step where there's structure so the

1:12:06

intuition that I have from that simple example and in many other examples is you know we
start with low complexity we

1:12:13

go to High complexity and then we come back down to low complexity you presumably want
to

1:12:20

disabuse me of that intuition with this other notion of complex that it always

1:12:26

increases can you help me Jive match those two in some way that will make my

1:12:32

brain embrace them both well it's it's it's again exactly the same with the

1:12:38

steam engine because the uh when you're talking it's quite correct what you're saying about uh
stirring the cream in

1:12:45

the coffee and and uh very nice it is too but of course you've always got the coffee in the mug
so that's actually the

1:12:52

the the cylinder of the steam engine so that may be the way to think about how complexity
arises in in the universe so

1:12:59

the way | think about it is to say given just points in ukian space

1:13:07

what scale invariant number characterizes the extent to which

1:13:13

they're either uniformly distributed or clustered and that number if it's to be

1:13:19

scal invariant it must be a ratio of two lengths and it must take them into account all on an
equal footing and

1:13:27



there's really only the two simplest sensible candidates are what are called

1:13:32

the root mean Square length that's the quantity which measures the size of the Newtonian
system and the other one is

1:13:38

the mean harmonic length which very interestingly is the inverse of the Newton gravitational
potential so you

1:13:45

take the ratio of those and so the mean harmonic length the mean root mean

1:13:51

Square length is the average of the long sizes and the mean harmonic length is the average of
the short sizes so you've

1:13:58

got the long divided by the short and that is what we what | call our

1:14:05

complexity and it's extraordinarily interesting quantity now amazingly that

1:14:10

is the essential irreducible core of Newton's theory of universal gravitation

1:14:16

if that isn't striking 1 don't know what is uh and liet I already said liet says

1:14:22

that if there's no Variety in the world you can't say nothing so just Define

1:14:28

Variety in terms of points in space and you've got the absolute essence of

1:14:35

Newtonian Universal gravity and so what does the farf far future of the universe

1:14:40

look like to you I mean most of us you know especially taking into account modern
cosmology let's assume that there

1:14:47

is some dark energy as the observations at least seem to suggest we imagine the

1:14:53

far future of the universe black holes have evaporated through the Hawking process stars have
long since either

1:15:00

been swallowed up by black holes or they've disintegrated we just have a bath of particles
wafting through this

1:15:06

ever expanding universe is that the vision of the
1:15:11

future that you have as well uh no well first of all let me
1:15:18

really say this is well everything I've said is conjectural of course everything in science is
conjecture it can always

1:15:24

be over thr the key thing is | mean what sounds so horrendous with this accelerated
1:15:31



expansion of the universe going on forever is that everything gets diluted because it's it it's it's
spread out but

1:15:39

then you're forgetting scale invariance so it's really the shape that count so the the dilution has
no meaning at all

1:15:46

in this context so it's really the the structure that forms so the cosmic web

1:15:51

now uh is is a better way to think about it but the you just imagine that you

1:15:57

could either blow up the cosmic web but leave all the structure the key thing is the structure
SO my conjecture is is

1:16:07

that there isn't a heat death in the future but that there that the Universe gets ever more
structured and

1:16:14

potentially ever more interesting uh that's a very

1:16:20

big guess very big hope but | would say if it's right this is going to get rid

1:16:28

of I mean the discovery of thermodynamics cast a PA over the whole

1:16:34

of this thinking with with the notion of heat death the heat death was coined within two or
three years of of the

1:16:41

discovery of the laws of thermodynamics | would say we we may we

1:16:47

may be able to change that | think at the very | what at the very least | hope people will start
questioning these

1:16:52

things because | say it is staggering that people just didn't ask these questions before so there
this are we in

1:16:59

a box is that the right way to think about it uh what are the implications of

1:17:06

three-dimensional symmetry three-dimensional scale invariance they're very very far reaching
and they

1:17:12

they do play a very important it does a generalization of it to three-dimensional conformal
invariance

1:17:18

is very important in general relative not four-dimensional but three-dimensional that's in that
work of

1:17:24

your ameru on the initial value problem in general relativity right and again Ju Just for the
audience | mean the idea of

1:17:31



scale invariance is an idea that many people have thought about there are reasons to suspect
that it's not a

1:17:38

fundamental symmetry of the universe at all times there are scales in the universe | mean
Roger Penrose recently

1:17:46

has argued that you know near the big bang and say near the heat death we

1:17:52

might we just might have scal in variance emerging a new which has allowed him to come up
with his

1:17:59

conformal cyclic cosmology | don't know if you have any thoughts about that but it's not at all
clear that scale and

1:18:05

variance should be a fundamental symmetry at all times throughout our three-dimensional
Universe right | mean

1:18:12

that too is is part of the conjectural Assumption from which your work emerges

1:18:17

yeah well all I would say | mean | have discussed these things with with Roger

1:18:23

several times and we're not going to agree uh but

1:18:28

uh all all I I mean as | say it's conjecture what I'm putting

1:18:34

forward but I I I'm certainly very confident that certain really key issues

1:18:39

have been monumentally ignored through the history of of physics and I just

1:18:47

hope people will take them seriously and and let's see what comes out of it at the end uh
critical in this is also

1:18:55

uh how Infinity comes into it | mean there's a paper on complexity that I and

1:19:00

a couple of collaborators uh will be submitting to the archive and a journal fairly soon uh
where | start developing

1:19:09

ideas about infinitely many particles the Newtonian nbody problem always has a

1:19:14

finite number of particles but | am beginning to see ways to make infinitely many particles
and that rather nicely

1:19:21

does begin to match up with modern cosmology with the idea of an infinite

1:19:27

flat universe three-dimensionally flat universe so um there's hope there it

1:19:32



sounds quite exciting but it's before we wrap up | did want to spend just a couple minutes on
on one final topic

Barbour's view of human perception of time

1:19:39

perhaps a little bit less Technical and more sort of human in its question which

1:19:46

IS we started out with your notion of shape space that particles at a given

1:19:52

instant have one or another relative configuration to each other of course

1:19:58

you gave the simple example of a three particle Universe just as a toy model so that we could
all wrap our heads around

1:20:03

it we can extrapolate that of course to the world around us | mean every moment we are aware
of a configuration of

1:20:10

particles in the world around us and you consider those to be little I guess the

1:20:16

language that you have used in some of your books is time capsules you know a moment in
time a moment in time and yet

1:20:23

somehow our Human Experience is not discrete moments our Human Experience

1:20:30

ties those all together into some continuous Evolution and people have

1:20:36

worried for a long time where does that experience of this flow of time come

1:20:42

from now many of us have come to the conclusion I'm interested in your perspective that
that's a very human

1:20:50

phenomenon it's a very psychological phenomenon perhaps there is some reason for it in
evolutionary history that our

1:20:57

brains have been able to wend these all together into this film from the snap

1:21:03

shops | is there anything more to it than that | mean does your work suggest that that is the
right way of thinking

1:21:09

about it that the mind just somehow builds the film out of the snap shops or is there something
deeper to

1:21:16

it uh that that's very much and and I think there's something in support of it so when | wrote
the end of time 1 |

1:21:24

could suggested that when we see a king fisher in Flight what is really in our brain is
1:21:32



really sort of say six or seven snapshots of the King Fisher and the Brain plays the movie for
us now uh uh

1:21:41

the end of time was read by a very interesting lady uh Kathleen gray who

1:21:47

got in touch with me uh and she was uh one of these people who uh at that stage

1:21:54

did not experience life continuously but as a series of snapshots and in fact so

1:22:00

extreme in her case that she would get the snapshots in the wrong order so she couldn't even
cross a road safely

1:22:08

because uh the snapshots were coming she would see a car going away from her when it was
coming towards her and she was

1:22:14

then introduced to Oliver Sachs who got her medication which cured her and at

1:22:20

about the same time | got an email from an American Veteran who had the same problem he'd
had an injury a brain

1:22:27

injury and he too was seeing uh uh the things of snapshots and the Army said

1:22:35

they would do surgery on him but his mate had said don't let him cut you so he said he was
living with it uh and the

1:22:43

| think | keep meaning to check it again I think Oliver Sax's last book was stream of
Consciousness he refers to

1:22:51

research which is supporting that so there is a name for that phenomenon um

1:22:58

and | you might | somewhere in the house | can't find it is I've got Oliver sax

1:23:04

yeah know | do too um yes but have a look at that one it's say the stream of

1:23:09

Consciousness but also somebody I got an email from uh someone saying oh by the
1:23:15

way your idea's been confirmed by some research in Paris so | looked at it and

1:23:21

it seemed to suggest it so my my son in Paris is a brain physiologist so | said

1:23:26

does this look okay to you he said well the experiments a bit bit not totally

1:23:31

clean but it looks okay and by the way these guys are in my Institute they e call noal uh but
Brian can | just come

1:23:39

back one thing about that that plank length these were discovered by um uh so

1:23:46



after my collaborators and | had discovered had realized that there would be this probabilities
of shap Apes uh |

1:23:56

had already worked out that there would be a high probability that all the smallest separations
in in these uh

1:24:04

configurations would be of the same size um that | won't go into the argument

1:24:11

it's it's it's quite nice it's it's an addition to boltzman and this is this is

1:24:16

confirmed they they are they do turn out so basically and it's well it's a

1:24:22

statistical argument How would you get from that most uniform shape to one uh

1:24:29

this one well you you you've got to uh you've got to increase the

1:24:34

complexity you can do that by putting just two or three particles closer to

1:24:39

each other but then you will find uh but then you realize there are infinitely

1:24:45

more ways to increase the complexity by putting a whole lot at about the same

1:24:51

separation to each other so that led me to predict before this discovery was

1:24:56

made by the student Manuel ISO in Paris in it's three years ago he made

1:25:04

this discovery these extraordinary filaments this was a significant Discovery in in Newton's
theory of

1:25:09

gravity um and if you look at them you see that all the smallest separations

1:25:15

are the same so in some senses something very like a plank length is coming

1:25:20

straight out of of this notion so I think it is it is pretty interesting that is fascinating but just so
| fully

1:25:27

understand so this is a start a simulation that starts with some number of Newtonian mutually
gravitating

1:25:34

particles and when evolved in the right way yields this kind of filamentary

1:25:39

structure as one of the dynamical outcomes of that starting point it would

1:25:45

it would be this is a very special one this could be this could be a possible start of a big bang
but something very

1:25:52

like it would would come out the one which was very uniform would be the big



1:25:57

bang itself and then relatively soon after this you would get uh something like this uh and if
we go to the one

1:26:05

where there's 12 uh of these slides you you see so so top left you will see

1:26:11

there there's a one that's completely uniform and then you see the structure growing the
complexity is just

1:26:17

increasing by the way you see this is the complete opposite of entropy increasing uh or you go
from uniformity

1:26:25

to interesting structure the the universe just gets ever more interesting

1:26:31

but but jul I know we're we're we're running low on time but | do want to just make one point
so the more

1:26:37

conventional physicist description would be sure in a non-

1:26:44

gravitating system that would be a strange set of pictures to go from you

1:26:50

know uniformity to less uniformity to go from high entropy to lower entry but in

1:26:56

a gravitating system we normally say gravity does of course cause clustering

1:27:02

and indeed if you take your advice and don't only think within the Box in a

1:27:08

real gravitating system as particles cluster energy and radiation are

1:27:13

released and if you take into account the entropy that that released radiation gives to the wider
environment compared

1:27:21

to the entropy that goes down for the filament or clustered structures and overall the entropy
does go up you just

1:27:28

have a sort of two-step process where the entropy goes down in the structured part it goes up
in the external world

1:27:35

and on overall balance when you do the calculation the overall entropy does go up so it
doesn't feel to me so counter

1:27:43

to my entropic intuition to see gravity yielding structure well yes and no if |

1:27:49

may uh | I will go back to uh if I may say so it begs the question of how you

1:27:57

define entropy for the universe and uh I think I can rely on

1:28:04



Gibbs who says it you can't if the system can can expand into Infinite

1:28:09

Space the notion of entropy loses its meaning yeah but I guess in many of

1:28:14

these systems | can sort of still put it in a bigger box so long as I'm assured

1:28:20

that the system I'm studying the radiation will be captured within that box that's that's perhaps
all that |

1:28:27

need to make it rigorous mathematically but of course the point you're making is is it deep
one and a subtle one trying

1:28:33

to apply these ideas to a completely open expanding system is difficult mathematically to do
this is enforcing

1:28:40

the validity of the law of thermodynamics by Brute Force by putting in something which
cannot be there |

1:28:46

mean step Hawking did this he he wanted to see about the equilibrium between a

1:28:52

black hole and the radiation that gives off say puts a big box around it this is

1:28:57

| mean it it's just come off it tell that to the Marines it's just unbelievable idea who's going to
find

1:29:05

that out in the universe out there that's been put there by a theoretician who wants to maintain
the second law of

1:29:11

Thermodynamics and and it works remarkably well of course as an idealized context within
which to do the

1:29:18

calculations but but your your point is well taken we certainly would like to go beyond those
kinds of non-physical

1:29:26

approximations but they do a a wonderfully good job at getting answers that that seem to
work incredibly well

1:29:34

but in any eventually it's been a fascinating conversation covering you know issues of the
hour of time the

Conclusion

1:29:40

growth of complexity the growth of entropy and as well the psychological phenomenon of the
flow of time and |

1:29:48

just wish you well in your continuing studies of this most mysterious concept

1:29:54

the concept of time thank you for joining us was great Brian yes | look.



1:29:59
forward to further discussions absolutely thank you so much [Music]

JN, 03.02.2025 Barbour m¢ strasn¢ zklamal...



