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Before the Big Bang 9: A Multiverse
from "Nothing"

Pred Velkym tieskem : Multivesmir z "Ni¢eho"
Ta véta nema na konci otaznik...a to je chyba.

©*) struéné : Pred velkym tfeskem Vesmir byl-existoval, ale byl v jinem

stavu nez Vesmir po velkém tfesku. Pfed Tieskem panuje ,,prosty* dvouveli¢inovy 3+3
dimenzionalni ¢asoprostor, euklidovsky plochy-nektivy, hladky, nekonecny, bez plynuti casu,
bez rozpinani, bez hmoty, bez poli a...a dokonce mozna i bez zakonu-pravidel.

Velky tresk fje pouze zména stavu !! skokova extrémni zména a to ze stavu 3+3 plochych-
rovnych dimenzi na stav ,,opacny®, tj. extrémé kiivych dimenzi ¢p. Novy stav bude ,,nas
Vesmir* jako ,,lokalita-singularita®, ktera ,,plave v té predTieskové miizce 3+3 plochych
dimenzi, lokalita, ktera se projevi jako ¢asoprostorova chaoticka hustd péna (neizotropni ??),
viici vakuum, http://www.hypothesis-of-universe.com/docs/c/c_415.gif , ve které zapoc¢ne
geneze a) ,,rozbalovavani® kiivosti dimenzi a...a soubézné i b) ,,sbalovani* dimenzi a to do
balickt-klubicek, jejichz geometricka konfigurace kiivosti ,,v balicku* ,,zamrzne®, zlistane
,»haveéky“ nemeénnou, a...a tyto balicky budou se chovat a projevovat jakozto elementarni
castice = hmota ( zname 25 ks elementii Stanrardniho modelu ). Pfi ,,rozbalovavani* pény
dimenzi do globalng velkoskalovych rozmért ( v kazdém bod¢ se zacne Cas 1 prostor
rozbalovat, coz neni jasné u ,,teorie* inflace od A.Gutha) se Ctyfi ¢astecné rozbalené do
geometrické konfigurace kiivosti (rozbaleny ¢p do mensich kiivosti) budou chovat jako
,»fyzikalni pole”. Soub&zné s touto posloupnosti — genezi ,,rozbalovavani a sbalovavani*
kiivosti dimenzi v§ude Vv tomto ,,naSem* ¢aso-prostoru se bude paraleln¢ vyvijet druha
posloupnost : posloupnost zakont-pravidel-principt, které pred Treskem neexistovaly. (a
neexistovaly ani po Tiesku veSkeré zakony, které pozname dnes. 1 ty se postupné
rekrutovaly).

Zda se tento ,,nas* Vesmir bude ,,rozpinat = rozbalovat ,,do nekonecna a navéky*, nechci
spekulovat...a pokud by se rozbaloval ,,navéky*, narovnaly by se vSechny dimenze i1 Casové i
délkove do stejného stavu jako byly pted Tieskem. (narovnaly by se i ¢asové dimenze coz
znamena ze by prestalo ,,plynuti casu®).

Dalsi hlubsi vaklad mé vize HDV najdete v desitkach jinych web-dokumentu.

Alex Vilenkin

156 563 zhlédnuti

14. 3. 2019

Mél vesmir pocatek nebo existoval odjakziva? Existuje jen jeden vesmir nebo mnoho? V této
sérii zkoumame konkurenéni modely toho, co se stalo pii velkém tresku nebo pied nim. V této
epizode¢ vyzpovidame Alexe Vilenkina, ktery navrhl, Ze vesmir ma spontanni puvod z
,ni¢eho* a bez priciny! To navrhnul Jakov Zeldovi¢ nikoliv Vilenkin Ukéazal také, Ze nas
velky ttesk nebude sam, ze by existovalo nekoneéné mnozstvi velkych treski vytvarejicich
multivesmir. Myslenka vesmiru z ni¢eho byla samoziejmé diskutovana jinde. Zde si vSak s
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veédcem, ktery jej vynalezl, vyjasiiujeme mnoho nedorozumeéni tohoto konceptu. Zejména
navrh, ze vesmir vznikl z ni¢eho, nelze zaméfiovat s navrhem Ze vesmir vznikl z fluktuace
vakua. NiZe jsou uvedena témata, o kterych diskutujeme. Upozoriiujeme, Ze jsme film
nevydali, dokud Alex Vilenkin nevidél navrh a neschvalil ho.

(01)- In this series we explore competing models for what happened at or even before the
Big Bang. In many of the models we've explored the universe is seen as having always
existed. But one scientist who takes the opposite view is Alex Vilenkin. In 1982, he published
a paper showing how the universe might have spontaneously created itself from nothing. And
what he means by nothing is not the quantum vacuum as some have alleged, but a state where
there is not even any space or time. What's more, this nucleation event wouldn't just lead to
one universe being created. Vilenkin was one of the first scientists to argue that our universe
is merely one of an infinite number of bubble universes. These are some of the most
controversial claims in Physics. So who better to explore them with, but Alex Vilenkin
himself. "Before the Big Bang™ "Episode 9" "A Multiverse From Nothing" | had a good Math
teacher, who encouraged me to study Mathematics and gave me some challenging problems.
So that was very helpful in elementary school. And then in high school, | had a good Physics
teacher. | also had a friend who had similar interests, and we decided to study together the
General Theory of Relativity. So that was a challenging project and we had to learn a lot of
math. We had some Calculus at school, but we studied— You know, Differential Geometry,
which was pretty advanced stuff. And we read a book which was Eddington's "Mathematical
Theory of Relativity". And at the end of the— We met every week to discuss what we learned,
and at the end of the book there was some discussion of Cosmology with, you know,
discussion of the structure of the universe and the beginning of the universe. And | was
amazed that people can learn anything about such matters. So, from then on, I couldn't
imagine doing anything else. In 1927, Werner Heisenberg published his classic paper on the
Uncertainty Principle, which implies pairs of particles and antiparticles spontaneously appear
from the vacuum. According to Quantum Mechanics vacuum is actually a scene of a lot of
activity. If you look at small microscopic distance scales, particles pop in and out of
existence, and they kind of live on borrowed energy. You can have electron and positron pop
out, but then they have to disappear, because energy conservation does not allow particles
simply to come into existence. So, they borrow a little energy from the vacuum and then they
have to disappear pretty promptly. More than a decade before Vilenkin's paper, Edward Tryon
proposed that the universe might be a vacuum fluctuation. Ed Tryon had what seemed to be a
weird idea that— The whole universe could appear in that way, as a vacuum fluctuation. You
can picture it like you have an empty space which you can, kind of, picture like a sheet of
paper. And then you can imagine a bulge forming on the sheet of paper, and taking the form
of [a] balloon, and then eventually pinching off. And this would be a new closed universe. So,
the problem is that the universe is a lot more massive than electron and positron. So, you
would imagine that such as— But you need the universe to exist for billions of years. But
Tryon realized that there is no problem, because the energy of a closed universe is equal to
zero, actually. Because gravitational energy is negative and energy of matter is positive. And
in the case of a closed universe— That is, the universe which closes on itself, space closes on
itself like the surface of a ball. For a closed universe it's a mathematical fact that the total
energy exactly adds up to zero. The gravitational energy compensates exactly the positive
energy of matter. And so there was no problem. No conservation law forbids creating a closed
universe from the vacuum. And Tryon told me actually how it happened that he came up with
this idea. He was sitting in a seminar, and I'm not sure that the topic of the seminar was



related to this, but he said that it came to him like a flash of light, that he kind of had this
sudden realization. And when the speaker stopped to collect his thoughts, he just blurted out,
maybe the universe is a quantum fluctuation. Everybody laughed because they thought there
was a funny joke, but he was serious.Tryon's proposal is that the universe came from the
vacuum fluctuation. But one can still ask where did the vacuum come from? In 1982,
Vilenkin decided to address this issue in the context of inflationary cosmology, which implies
a stupendous, exponential growth spurt in the early universe.For more information on
inflation, watch Episode #4 of this series.1982 was the year when the theory of inflation was,
kind of, more or less completed. Alan Guth originated this idea. He likes to say that
inflationary expansion can produce a big universe from almost nothing. All you need is a tiny
piece of some high energy vacuum, which can then expand and produce a huge universe.You
still need this initial piece, and— So, the picture to me seems incomplete.

(01)- V této sérii zkoumame konkuren¢ni modely toho, co se stalo pti velkém tiesku nebo
dokonce pied nim. V mnoha modelech, které jsme prozkoumali, je vesmir vidén, jako by
existoval vzdy. Ale jeden védec, ktery ma opac¢ny nazor, je Alex Vilenkin. V roce 1982
publikoval ¢lanek se vesmir mohl spontanng stvokit z nigeho* Ukazal,
znamena vymyslel si abstraktni vizi. Cim a jak vizi vysvétlil, dokazal, prokazal, zdivodnil,
vyargumentoval, tak to by mé zajimalo A tim nic nemysli kvantové vakuum, jak nékteri
tvrdili, ale stav, kdy neexistuje ani zadny prostor ani &as. * Cili : ,,ukazat* = prohlésit, ehm, to
neni az tak velky kumst. Takové prohlaseni je stejné jako vyhlasit Peklo a ¢erta. A co vic,
tato nuklea¢ni udalost by nevedla jen k vytvoieni jednoho vesmiru. * Tedy vice certt

v Pekle.. Vilenkin byl jednim z prvnich védcu, kteti tvrdili, * tvrdit umi i pani pokladni u
stanku s novinami v metru. Zze na$ vesmir je pouze jednim z nekoneé¢ného poétu bublinovych
vesmird. * Mozna je, ale..ale tvrdit (?!?!), Ze vznikl z ni¢eho a k tomu navic dal$i nekone¢ny
pocet vesmiru ,,z Ni¢eho®, coby bublin v tom prostiedi NIC, to to chce obdiv za odvahu...

(v Cechach by ho takova odvaha stala pronasledovani do blazince a oznadeni giganticky
fantasmagorista ) http://www.hypothesis-of-universe.com/index.php?nav=x ;
http://www.hypothesis-of-universe.com/index.php?nav=y ; http://www.hypothesis-of-
universe.com/index.php?nav=u Toto jsou n¢ktera z nejkontroverzngjsich tvrzeni ve fyzice. *
Urcite, je to vykiik pro sci-fi. Takze s kym 1épe je prozkoumat, nez se samotnym Alexem
Vilenkinem. "Before the Big Bang" "Episode 9" "A Multiverse From Nothing". M¢&l jsem
dobrého ucitele matematiky, ktery me povzbudil ke studiu matematiky a dal mi nékolik
naroc¢nych problémi. Takze to bylo na zakladni skole velmi uzitecné. A pak na stredni skole
jsem mél dobrého ucitele fyziky. Mél jsem také kamarada, ktery mél podobné zajmy, a
rozhodli jsme se spole¢né studovat Obecnou teorii relativity. TakzZe to byl naro¢ny projekt a
museli jsme se naucit hodné matematiky. * Tak to je to, co mi chybi. Ve §kole jsme méli
n¢jaky kalkul, ale studovali jsme — vis, diferencialni geometrii, coz byla docela pokrocila véc.
A cetli jsme knihu, ktera byla Eddingtonovou "Matematickou teorii relativity”. A na konci —
Setkavali jsme se kazdy tyden, abychom diskutovali o tom, co jsme se naucili, a na konci
knihy byla diskuse o kosmologii s diskuzi o struktuie vesmiru a poc¢atku vesmiru.

... *Struktura dnes a struktura bezprostfedné po Ttesku, to jsou vedle sebe ,,nebe a dudy*... A
byl jsem ohromen, Ze se lidé o takovych vécech mohou néco dozvédét. Takze od té doby jsem
si nedokézal piedstavit, Ze bych délal néco jiného. V roce 1927 publikoval Werner
Heisenberg sviij klasicky ¢lanek o Principu nejistoty, ktery implikuje, Ze se pary castic a
anticastic spontdnné objevuji z vakua. Podle kvantové mechaniky je vakuum ve skute¢nosti
d&jistém mnoha aktivit. *Predevsim proto, ze stale na drovni planckovskych skal
velikosti intervalll délkovych i ¢asovych vladnou kiivé dimenze, je tam chaoticka péna, a tu je
nejen po Tresku, http://www.hypothesis-of-universe.com/docs/c/c_167.qif ale i dnes, t].
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kdykoliv a kdekoliv ve vakuu ...; Vesmir se rozbaluje z ,,vakuové pény* stale. Kdyz se
podivate na malé mikroskopické métitka vzdalenosti, ¢astice se objevuji a zanikaji a Ziji z
vypajéené energie. * Péna vakua ziejm¢ ,,vie“ i nechaoticky, takze se z ni mohou vyloupnout
1 pary Castice-anticastice, které do ,,pény* se zase ,,rozpusti tedy rozbali ce jejich dimenze

Z nichz jsou postaveny. Neni tfeba si ,,vypujcovat™ energii, protoze ta se pro-jevi prave pii
modelaci kiivosti dimenzi které se sbali do oné piesné konfigurace zabaleni jakou maji
elektron a pozitron. Muzete nechat vyskogit elektron a pozitron, ale pak musi zmizet,

*v lokalité néjaké ,,chaotickych kiivosti“ se sbali dva balicky s opa¢nym ,,spinem®, tedy

s opa¢nym smyslem zabalenim dimenzi — jsou v absolutni rovnovaze, a proto se bleskové
zase rozbali jejich dimenze protoze zachovani energie nedovoluje ¢asticim jednoduse
vzniknout. Takze si vypuj¢i trochu energie z vakua * vypujci si néé energii z chvéni dimenzi
vakua, ale ono zakfiveni — sbaleni dimenzi do klubicka a pak musi pékn¢ rychle zmizet. Vice
nez deset let pied Vilenkinovym ¢lankem Edward Tryon navrhl, Zze vesmir muze byt
fluktuaci vakua. Ed Tryon mél néco, co se zdalo byt zvlastni napad, ze — cely vesmir by se
mohl jevit timto zpisobem, jako fluktuace vakua. http://www.hypothesis-of-
universe.com/docs/c/c_166.jpg * No, kdyz to fekl studovany védec, je to k pochvale
hodné..., kdyz fekne HDV nestudovany laik, je to k piskani a k vykiikim nadavek do
vy§inutych fantasmagori. .. [MiiZete si to predstavit], jako byste méli prazdné misto, které si
muzete predstavit jako list papiru. A pak si mizete piedstavit, Ze se na listu papiru vytvori
vyboulenina, kterd ma podobu [baldnu] a nakonec se odstipne.* http://www.hypothesis-of-
universe.com/docs/c/c_221.jpg [Pedstavit si mizete cokoliv], jakoukoliv ideu, vizi,
napad...napt. HDV. Je ovSem nutné tou vizi smysluplné navazat na soudobé poznatky

z fyziky a vyargumentovat divody...snadno by mohly ty vize sklouznout do fantasmagorie
A tohle by byl novy uzavieny vesmir. [Problém je tedy v tom], Ze vesmir je mnohem hmotngjsi
nez elektron a pozitron. Takze byste si piedstavovali, Ze jako — Ale vy potiebujete, aby vesmir
existoval miliardy let. Ale [Tryon si uvédomill, Ze v tom neni Zadny problém, protoZe energie
uzavieného vesmiru je ve skute¢nosti rovna nule. Protoze gravitacni energie je negativni a
energie hmoty je pozitivni. A v piipad¢ uzavieného vesmiru — tedy vesmiru, ktery se uzavira
do sebe, *( po velkém Tiesku je na§ Vesmir jen ,,kone¢nou lokalitou® ,,plavajici®

V nekone¢ném plochém 3+3 dimenzionalnim prostfedi. Anebo je ta ,,lokalita* velka skoro (!)
jako nekone¢ny ¢asoprostor pied Treskem (?), lokalita, kterd ,,pohltila“ v§echny nekone¢né
dimenze a zktivila je do husté pény..., to vSe, tedy takové tivahy, |Ize si pfedstavovatl pod
dal$im neomezenym uhlem vize, Ze ,,jednotkové intervaly* nelze stanovit. Skoronekonecna
dimenze (interval na ni) je tak velka jako skoronulova dimenze. se prostor uzavira do sebe
jako povrch koule. Pro uzavieny vesmir je matematickym faktem, ze celkova energie se
piesné rovna nule. *O.K. Gravita¢ni energie presné kompenzuje kladnou pohybovou energii
hmoty. A tak nebyl zadny problém. Zadny zakon zachovéani nezakazuje vytvofit uzavieny
vesmir z vakua. * Jednak a) zakon zachovani je iluze matematikii, protoze v redl-vesmiru je
tento zakon jen ,,stop-stavem‘ v dynamice promén - zmén kazdou sekundu vsude ! ; a za b)
z4dny zakon zachovani neplati ,,v Case* a ,,v poloze®. ,,Stop-stav* se okamzit¢ méni ,,v misté
a Vv ¢ase* na zakon poruseni zakona zachovani v lokalité. Nejsem fyzikalni ucenec, ale miij
selsky rozum lidového myslitele mi tika, Zze ve Vesmiru Zadna rovnovaha ¢i zakon zachovani
trvale neplati, Ze zdkon zachovani je extrémni vyjimka a spi§ bézné plati naruSovani zékont
zachovéani. V mé HDV prosazuji princip stiidani symetrii s asymetriemi (jako podminku
geneze) Rovnice jsou jen matematické, ve vesmiru vladne ,,chaos nerovnic®, rovnice jsou
vzacnosti a jen na papite. A Tryon mi vlastné fekl, jak se to stalo, Ze pfiSel na tenhle napad.
Sedél na seminaii a nejsem si jisty, ze téma seminafe s tim souviselo, ale fekl, Ze mu to pfislo
jako zablesk svétla, Ze si néjak nahle uvédomil. * O.K. A kdyz se mluv¢i zastavil, aby
shromazdil své myslenky, jen vyhrkl, mozna je vesmir kvantovou fluktuaci. * O.K. Zalezi na
méfitku a ,,vnofeni se do* VSichni se smali, protoze si mysleli, ze jde o legracni vtip, ale on to
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myslel vazné. Tryontv navrh je, Ze vesmir z fluktuace vakua. * O.K. Ovsem nas
Vesmir — stav po Tresku, zacal ,,chaoticky viici pénou” kiivosti dimenzi toho ¢asoprostoru
3+3, které byly pfed Treskem hladké, rovné, a ze stavu pred Tieskem, tedy ze stavu
plochého 3+3 stavu bez rozbalovani ¢asu a bez rozbalovani délek, ty se ani rozbalovat
nemohou, jsou rovné, neckoneéné.. Ale stale se Ize ptat, kde se vakuum vzalo? * Pravé to
fikam...+ v HDV V roce 1982 se Vilenkin rozhodl fesit tento problém v kontextu inflacni
kosmologie, kterd implikuje ohromny, exponenciélni rastovy skok v raném vesmiru. Pro vice
informaci o inflaci se podivejte na Epizodu ¢. 4 této série. 1982 byl rokem, kdy
byla tak n¢jak viceméné dokoncena. S touto myslenkou piisel Alan Guth. S oblibou tika, ze
infla¢ni expanze muze vytvorit velky vesmir téméi z niceho. * Guthova inflace je chybny
vyklad http://www.hypothesis-of-universe.com/docs/c/c_239.jpg ; http://www.hypothesis-
of-universe.com/docs/c/c_232.jpg VSe, co potiebujete, je malicky kousek néjakého
vysokoenergetického vakua, které se pak muze roztahnout > * Ovsem vysokoenergetické
vakuum musi byt extrémé zmackanym ¢asoprostorem, zmackany papir roztahnout lze (1) , ale
rovny plochy papir rozddhmouz nelze, jak to udé€lal A.Guth, nelze, pokud nepouZzijete
carovnou hiilku, ktera bude na tiseCce délkové Casovat nové a nové body do predem
ohrani¢ené usecky. a vytvorit obrovsky vesmir. Stale potrebujete tento pocate¢ni kousek a—
Takze se mi obrazek zda netplny.

(02)- Where did that thing come from? So, that bothered me, and | kept thinking about what
was the possible beginning of inflation.What could trigger— produce this initial thing? The
trick to understanding the Vilenkin's proposal is to think about something that is impossible in
Classical Physics, but it is permitted in Quantum Physics. It's a process that is essential for the
Sun to shine: Quantum tunneling. If you imagine, for example, that you want to get a can of
Coke out of [a] vending machine, you have to throw in a coin and then the Coke comes out.It
cannot come out otherwise because there is a wall.There is a energy barrier that prevents it
from coming through.But according to quantum theory, there is a small probability for the can
of Coke actually to spontaneously materialize outside of the veinding machine. Of course, if
you wait there for this to happen, you'll have to wait much longer than the age of the universe.
But there is a small probability. Such quantum tunneling events happen routinely on
microscopic scales. For example, they are responsible for most radioactive decays, where a
nucleus is forbidden classically to break up because there is an energy barrier, but quantum
mechanically it happens through quantum tunneling. See[ing] how what | call tunneling from
nothing is possible,let us imagine we have a closed universe which has two ingredients : It has
a high-energy vacuum, of the kind that you need to drive inflation. Inflation, I should say, is a
rapid accelerated expansion of the universe, which is driven by this unusual stuff which is
called high energy vacuum. or sometimes false vacuum. And a remarkable thing about this
vacuum is that it has a repulsive gravity.So, when the universe is filled with this stuff— [The]
repulsive nature of gravity causes the universe to expand with acceleration. Also, the other
ingredient is just ordinary matter. So we have this universe with these two ingredients. Now
let us imagine varying the radius of this universe. If we make the radius small the density of
matter will grow, and then the attractive gravity of matter will dominate, and the universe will
collapse. If you increase the radius, the matter will be diluted, and the repulsive gravity of the
vacuum will dominate, and the universe will inflate, expand with acceleration. Okay. Now, |
wanted to start with a very small universe. So, suppose I have a very small universe—
Classically, it would collapse,.Because of gravity. However, there is an energy barrier
between that and the large size of the universe that would make it inflate. But what | realized
is that instead of collapsing, the universe can do something more interesting: It could tunnel to
a larger radius. So, it would be a quantum tunneling process. So the universe will turn out to a
larger radius and will start expanding. And then | asked myself, how small this initial universe
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can be. So, I looked at— Mathematically, I discovered that when I take the size of the initial
universe to zero, the mathematical description of the whole thing simplifies greatly, and what
| had was a mathematical description of a universe tunneling from a point, to a finite radius,
and starting to inflate. So, a point is no space at all. So, basically this is no space, it's no
matter, and the universe in this picture is created spontaneously from basically "nothing™. |
write "nothing™ in quotation marks because it's not a philosophical nothing, because— We
assume that the laws of Quantum Mechanics are there. Somehow "there™. There is no space or
time, and the universe tunnels from this timeless, spaceless state into existence. As it appears
the universe has a very small size. It's filled with this high-energy vacuum, and it starts to
inflate very rapidly. The mathematical picture that | had gives the probability for the universe
to appear in different sizes and also filled with different kinds of high-energy vacuum,and
what | found was that the highest probability is for the largest energy vacuum, and the
smallest initial size. So, the universe appears extremely tiny. But then the high energy of the
vacuum, and its repulsive gravity, caused the universe to expand very fast. So, it doesn't stay
small, it becomes huge in [a] very tiny amount of time. So, how does for Vilenkin's tunneling-
from-nothing model differ from Tryon's vacuum fluctuation model? It's different from Tryon's
model in two regards: First, Tryon had the disadvantage that he didn't know about inflation.
So, he wouldn't explain why— I mean, if the universe appears as a quantum fluctuation then a
small quantum fluctuation is much more probable than a large one. He assumed the pre-
existing empty space, pre-existing vacuum, and it wasn't clear where that came from. So, the
main difference is, in the picture of tunneling from nothing, there is no space before that and
no time. When we say 'nothing' in this context, tunneling from nothing, we don't mean
quantum vacuum.

(02)- Kde se ta véc vzala? Takze mé to Stvalo a porad jsem piremyslel o tom, co je moznym
zacatkem inflace. Jeden muj oponent obhajoval inflaci takto : http://www.hypothesis-of-
universe.com/docs/c/c_233.jpg Co by mohlo spustit— tuto po¢ate¢ni véc? Trik k pochopeni
Vilenkinova navrhu je myslet na néco, co je v klasické fyzice nemozné, je hladka , ale v
kvantové fyzice je to povoleno.Kvantova fyzika“ ptivadi pozorovatele do ,,pény* , zmuchlané
3+3 dimenze. Péna je matematicky linearni. http://www.hypothesis-of-
universe.com/docs/aa/aa_195.pdf > Ja to chapu tak, Ze na malych velikostnich skalach je
prostorocas ,,kvantovan“ proto, ze se takto projevuje casoprostor jako péna, ( coz jsou shluky
sttidajicich se kiivosti dimenzi ) ¢ili zmuchlany ¢asoprostor, €ili ,,topologické kiivosti
dimenzi délkovych®. Proto v takové ,,péné¢ muze byt v cesté¢ castici ,,lokalita” s ,,malou
kiivosti* a tou Castice projde, ( neb potencidlova bariéra je mensi nez energie Castice ) anebo
»lokalita - bariéra“ s ,,velkou kiivosti“ a tou ¢astice neprojde..coz se ,,predvadi tou
pravdépodobnosti Ze se v péné najde 99% lokalit s vyssi bariérou a 1% s nizsi barierou kterou
Castice projde — to je to kvantové tunelovani = ze péna vykazuje i 1% lokalit kde kiivost je
mensi nez ,kiivost® energie Castice.

Je to proces, ktery je nezbytny pro to, aby Slunce svitilo: Kvantové tunelovani. O kvantovém
tunelovani jsem psal zde : http://www.hypothesis-of-universe.com/docs/aa/aa_194.pdf Kdyz
si naptiklad predstavite, ze chcete z automatu vytahnout plechovku koly, musite vhodit minci
a pak z toho vyjede kola. Nemuze vyjit jinak, protoze je tam zed’. Je energeticka bariéra, ktera
ji bréni v prachodu. Ale podle kvantové teorie existuje mala pravdépodobnost, Ze se
plechovka s kolou skute¢né spontanné zhmotni mimo Zilni stroj. OvSem, pak existuje i jista
mala pravdépodobnost ze i Bohu narostou na hlavé dva rohy... Samoziejmé¢, pokud tam
pockate, az se to stane, budete muset ¢ekat mnohem déle, nez je vék vesmiru na konci je
konce existence Vesmiru Ale je tu mala pravdépodobnost. K takovym udalostem kvantového
tunelovani dochazi bézné v mikroskopickych métitcich. ?? Jsou napiiklad zodpovédne za
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vétsinu radioaktivnich rozpadu, kdy je klasicky zakézéano jadro rozbit, protoze existuje
energeticka bariéra, Jsou to ,,lokality-pole® jistych kiivosti dimenzi, které¢ jsou vyssi nez
kiivosti ,,lokalit*, které chtéji tu barieru ,,prorazit proplout ji*.

Prosté a stale do omrzeni : vse co fyzika produkuje lze ,,piefiltrovat® pohledem HDV na
Lo o . cels yaika, cely Vesmir je pouze a pouse o KRIVOSTECH
DIMENZI ale kvantovs mechanicky se to dgje prostrednictvim kvantového tunelovani.
Kdyz vidime, jak je mozné to, ¢emu fikdm tunelovani z ni¢eho, predstavme si, piedstavte si
vy, vy si kone¢n¢ predstavte konecne, ze hladce spojitou entitu nelze, nemuizete kvantovat, ale
muzete kvantovat ,,pénu®...protoze to je stav kiivych dimenzi, ktery se jevi Pozorovateli
jako, jako.. . zrnity, stfidani nul a jednicek, stiidani zhusténin a ziedénin,
stfidani ,,nic*“ a ,,n€co, tok elektronti v médéném drétu, kdy tam putuje ,,mezera“ a
,.elektron®.. a mezera a elektron...atd. Ze mame uzavieny vesmir, ktery ma dv¢ slozky: Ma
vysokoenergetické vakuum, takové, jaké potiebujete k fizeni inflace. Rekl bych, Ze inflace je
rychlé zrychlené rozpinani vesmiru, rozbalovavani kiivosti délkovych a nejen délkovych ale i
ten Cas ,,se rozbaluje* (( tvrdi to i Kulhanek : tempo plynuti casu je zde u nas v nasi soustavé
nejrychlejsi, vsude jinde — v celém vesmiru — se zdd, a vime to podle STR, Ze je tam tempo
pomalejsi — dilatuje tam vsude cas, protoze telesa jsou v pohybu v = c¢. Konec citace
Kulhanka. Pokud se galaxie a kvasary ,,nepohybuji“ vlastni setrvacnosti, pak na nich cas
nebézi, tvrdi Kulhanek, a ¢as bézi jen ,,v okoli“ galaxii ). které je pohanéno touto
neobvyklou véci, které se fika vysokoenergetické vakuum, nebo n¢kdy falesné vakuum. A
pozoruhodna véc na tomto vakuu je, ze ma odpudivou gravitaci. No, no..“odpudivost” je svou
podstatou projevem ,,rozbalovavani* toho ,,viiciho* vakua... Takze kdyZ je vesmir naplnén
timto materialem — odpudiva povaha gravitace zpusobi, ??? gravitace ma jen jednu
povahu...ale vakuum ma opacnou povahu , ovSem kdyz se vakuum rozbali na ,,geometrické
kiivky parabolické® — gravitace, a dal se rozbaluji, pak toto rozbalovavani kiivek
parabolickych ,,ma povahu* odpudivou, ¢ili nikoliv ,,sama gravitace* ale ono rozbalovavani
ktivosti velkoskalovych ze se vesmir rozpina se zrychlenim. To je logaritmicky pohled
Pozorovatele na velikosti intervalll do geometrie tvaru rozbalovavani . N&jakym obrazkem do
predstavivosti Citatele muze byt tento http://www.hypothesis-of-
universe.com/docs/c/c_357.jpg Také dalsi slozka je jen obycejna zalezitost. Takze mame
tento vesmir s témito dvéma prisadami. Nyni si piedstavme zménu poloméru tohoto vesmiru.
Zmens§ime-li polomér, hustota hmoty poroste pokud se po Ttesku ,,narodilo* konstantni
mnozZstvi hmoty, napt. 10° kg...a pokud se nova hmota v priibéhu starnuti Vesmiru neméni.
Vi to nekdo ? PrirGstek hmoty ,,v ¢ase® mize byt ,,sestoupnd exponencidla® ...ale vime ze
hustota energie vakua je konstantni, coz znamena Ze pii zvétsujicim se obému x° se energie
n¢kde rodi, ve viicim vakuu...protoze principem vzniku hmoty je ,kiiveni* dimenzi. Ve
vakuu na planckovskych Skalach se ¢p stale ,,smrSt'uje = sbaluje se do jesté vice viiciho
vakua, coz znamena ,,vznik* nové energie do hustoty vesmiru aby byla konstantni a pak bude
dominovat pftitazliva gravitace hmoty a vesmir se zhrouti. Zvétsite-li polomér, hmota se ziedi
a bude dominovat odpudiva gravitace vakua a vesmir se bude nafukovat, rozpinat se
zrychlenim. Dobie. Nyni jsem chtél zagit s velmi malym vesmirem. Piedpokladejme tedy, ze
méam velmi maly vesmir — klasicky by se zhroutil. Kvuli gravitaci. Mezi tim a velkou velikosti
vesmiru v8ak existuje energetickd bariera, ktera by ho ptimé¢la nafouknout. Ale co jsem si
uvédomil, je, Zze misto kolapsu muize vesmir udélat néco zajimavéjsiho: mohl by tunelovat na
vétsi polomér. Slo by tedy o proces kvantového tunelovani. Vesmir se tedy zméni na vétsi
polomér a zacne se rozpinat. A pak jsem se zeptal sdm sebe, jak maly mize byt tento
pocatecni vesmir. Podival jsem se tedy na — matematicku a zjistil jsem, Ze kdyZ velikost
puvodniho vesmiru vezmu na nulu, matematicky popis celé véci se zna¢né zjednodusi, a to,
co jsem ziskal byl matematicky popis vesmiru tunelujiciho z bodu na kone¢ny polomér a
zacina se nafukovat. Rozbalovat. http://www.hypothesis-of-universe.com/docs/c/c_240.jpg
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rozbalovani neni ,,centralni !, rozbalovani dimenzi se déje ,,z kazdého bodu* ¢asoprostoru
jinak, opét do ,,houbovitého* provedeni , do kosmické pavuciny, kde svitici vldkna jsou
,sbaleny ¢asoprostor* do hmoty a mezery — prazdné prostory mezi galaxiemi jsou kazda jinak
,rozbalena lokalita® dimenzi ... protoze i ,,prazdnota“ nese kifovost ¢p gravitacni...atd. Prosté
to rozbalovani Vesmiru neni jen jako http://www.hypothesis-of-
universe.com/docs/c/c_241.jpd ,,vyladéna prostorva spirala z jednoho bodu®. Bod tedy neni
vibec zadny prostor. Takze v podstaté to neni zadny prostor, neni to hmota a vesmir na tomto
obrédzku je vytvoren spontanné v podstaté z ,,ni¢eho®. Pisu ,,nic* v uvozovkach, protoze to
neni nic filozofického, protoze— predpokladame, Ze zakony kvantové mechaniky existuji. Tak
ngjak ,,tam*. zfejme (podle fyziki) nékde nad vesmirem, pod vesmirem, vedle vesmiru, v
nicoté.. Neexistuje zadny prostor ani ¢as a vesmir tuneluje z tohoto bez¢asového,
bezprostorového stavu do existence. Toto je zakladni idea dnesni kosmologie, tedy idea uz
stara cca 50 let. A pravé tuto ideu chci nahradit novou : HDV ((*-%*)) Jak se zda, vesmir ma
velmi malou velikost. Je naplnéna timto vysokoenergetickym vakuem coz je n-zakiiveny
Casoprostor tedy péna dimenzi a zac¢ina se velmi rychle nafukovat. vesmir nebo ¢asoprostor ?
Matematicky obrazek, ktery jsem mél, dava pravdépodobnost, ze se vesmir objevi v raznych
velikostech a také napInény raznymi druhy vysokoenergetického vakua, a zjistil jsem, ze
nejvyssi pravdépodobnost je pro nejvétsi energetické vakuum a nejmensi pocatecni velikost .
Vesmir se tedy zda byt extrémné maly. Pak ale vysoka energie vakua a jeho odpudiva
gravitace zpusobily, Ze se vesmir velmi rychle rozpinal. http://www.hypothesis-of-
universe.com/docs/c/c_239.jpg Takze nezistane maly, stane se obrovskym ve velmi malém
mnoZstvi ¢asu. JenZe se nikdy nezkoumalo zda se nerozpinal nerovnomérné 1 v Case ;

v kazdém piipad¢ si myslim, ze plynuti ¢asu neni po cely vék vesmiru roznomérné, plynuti
¢asu se meéni v té siti 3+3 struktufe. A samoziejmé se méni tempo plynuti ¢asu i v duchu STR
a v gravitacnich polich. To vs$e neni probadano pro globalni ,,rozpinani ¢aso-prostoru®. Jak
se tedy Vilenkinav model tunelovani z ni¢eho 1isi od Tryonova modelu fluktuace vakua?
Matematicky. Lisi se od Tryonova modelu ve dvou ohledech : Za prvé, Tryon mél tu
nevyhodu, Ze nevédél o inflaci. Takze by nevysvétlil pro¢. Chci fict, ze pokud se vesmir jevi
jako kvantova fluktuace, na trovni planckovskych §kal ...protoze tam je ¢asoprostor
,.peénovity*, n-dimenzionalni pak je mala kvantova fluktuace mnohem pravdépodobné;jsi nez
velka. Piedpokladal jiz existujici prazdny prostor, jiz existujici vakuum, a nebylo jasné, odkud
se to vzalo. HDV [((*=*)) to popisuje ve své verzi Hlavni rozdil je tedy v tom, Ze na obrazku
tunelovani z ni¢eho neni prostor pied tim a ani ¢as. Kdyz v této souvislosti fikame ,,nic*,
tunelovani z ni¢eho, nemame na mysli kvantové vakuum. Chapu..

(03)- It's actually what Tryon meant. And here we have a state without space, completely. So
there is no vacuum. There are— The laws of physics I assumed to be there, and that's a great
mystery. Where they come from and what determines which laws they should be? Most
cosmologists accept that in order to understand the origin of the universe we need to combine
the General Theory of Relativity with Quantum Mechanics into a theory of Quantum Gravity.
But there is no agreement in the field about how to do this. All Quantum Gravity theories are
now still at a pretty rudimentary level of development. So, you can use what is called 'semi-
classical gravity', which is the approximation where things are almost classical, but, for
example, things like quantum tunneling can still be described. And in that regime all these
different theories are pretty much more or less the same. The difference has come really at the
true quantum gravitational level, where the nature of space-time actually may change like in
String Theory, which says that space may have more dimensions, or maybe even the space
and time themselves are kind of semi-classical concepts, and on a more microscopic level we
have some different structures, so that space and time emerge when you go to sufficiently
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large scale[s]. And the same is true of Loop Quantum Gravity. If the universe began from
such a quantum nucleation event, then what would be the cause? Many quantum mechanical
processes do not require a cause. For example, if you have a radioactive atom, you know that
it will decay. But you cannot tell when. So, there is a— Half-life time, for example, that you
can tell that in a year the probability for this atom to decay is 50%. Then the year has passed,
it didn't decay. The probability for it to decay the next year is still 50%. Eventually, it will
decay. But if you ask why did it decay at that particular moment? There is no reason. There is
no cause. So, quantum mechanical processes like these are uncaused, and the spontaneous
creation of the universe is of the same nature. It doesn't require any cause. While many
physicists accept that a breakdown of causality occurs at the quantum level, there are different
interpretations of Quantum Mechanics. So, how does this impact on the nature of causality in
Quantum Cosmology? The only interpretation of Quantum Mechanics that appears to make
sense in Cosmology is the Everett's interpretation or many-worlds interpretation. Because the
other— For example, the so-called Copenhagen interpretation— This interpretation requires
that there is an observer outside of the universe with some measuring device, measuring the
universe. In the case of the universe, we don't have such an observer. So, the universe is a
self-contained system, and | think many-worlds interpretation is required here. In the
Copenhagen interpretation things are a-causal simply because it's kind of built in the nature of
[the] interpretation. You have a wavefunction describing your atom, and then the
wavefunction collapses in the course of measurement, resulting in some of the outcome
probabilistically. And there is no cause how you choose these things— the outcomes.In the
case of many-worlds, there is no these collapses of wave function, and the wave function
evolves deterministically.So, in a sense, this is a deterministic interpretation of Quantum
Mechanics. However, this wave function describes an ensemble of universes, and in different
members of the ensemble, in different universes, you get all possible outcomes of your
measurement. Simply, you don't know which universe you are in. So, which universe you end
up in is also an a-causal kind of process. [Phil] I've heard some people claim that's when—
Could the pilot wave theory, or De Broglie-Bohm, that that is causal.Do you have any
comment on that? Well, I— I thought that this pilot theory is a beautiful idea. I looked at it in
my youth, very which was very long time ago, and I didn't really follow it afterwards. It was—
To my understanding, it is not really a well developed theory. It applies to kind of simple
settings, a particle moves in some potential, but applying it to Quantum Field Theory, or to
Quantum Gravity, | don't think it is at that stage yet. If something could come from nothing,
then why doesn't this happen all the time? Why don't tigers just appear in our living room? In
Quantum Mechanics many things are possible that are not possible in Classical Physics. And,
indeed you can have— In principle, you can have very strange things happening. Like objects
coming out of thin air. However, there are some rules. And these rules are conservation laws.
So, energy conservation is always enforced. So, for example, you cannot have a tiger appear
out of— In the vacuum because [the] tiger has a mass, some energy. But if you have a lump of
matter, in principle it can turn into [a] tiger.

(03)- Piesn¢ to mel Tryon na mysli. A tady mame stat bez prostoru, UpIné. Ovsem — jsoucno
pre-big-bang tu bylo, jen v jiném stavu : totaln€ plochém bez toku plynuti ¢asu a bez hmoty
Neexistuje tedy zadné vakuum. VV HDV existuje pre-big-bang stav prostorocasu, jako
nekone¢ny 3+3 D, plochy, bez hmoty, bez poli, bez plynuti ¢asu, bez rozpindni...a bez
zakont EXistuji — fyzikalni zakony, ne neexistuji...v pre-big-bangu zakony neexistuji, snad
...snad az na jeden, dva. Myslim si, Ze jeden z nich je ,,zdkon o stfidani symetzrii

s asymetriemi® o kterych jsem piedpokladal, Ze tam jsou, a to je velka zahada. Odkud
pochazeji a co urcuje, jaké zakony by mély byt? Zakony se po velkém Tiesku také rodi-



rekrutuji pravé na podkladé konfiguraci sbalenych balickd dimenzi tj. kvarky, leptony,
bosony, které svym ,,postavenim* v poli kfivych dimenzi generuji ,,zakony, providla,
prindipy“vzajemnosti avlastnosti nejen kazdé Castice ( naboj, spin, hmotnost ) ale i
dalsi chovani elementt v ¢asoprostoru a konglomerati elementt ( atomy, molekuly,
slouc¢eniny ) v polich atd. atd. Prosté : bezprostiedné po Ttesku neexistoval chemicky zakon
jak se bude chovat kyselina sirova k mramoru. VétSina kosmologt uznava, ze abychom
pochopili ptivod vesmiru, musime spojit Obecnou teorii relativity s kvantovou mechanikou do
teorie kvantove gravitace. Musime ?? Pro¢ musime ? Nemohou tu koexistovat vedle sebe ?
Ale v oboru neexistuje shoda o tom, jak to udélat. Jak jsem uz psal jinde nazor :
http://www.hypothesis-of-universe.com/docs/g/g_039.pdf gravitace je nelinearni a kvantova
mechanika linearni, takze narovnéavat parabolu do ptimky tak, Ze ji rozkouskuji na
infinitezomalni Gisecky a ty zpét poskladam zasebou a mam piimku — to je podvod na
principu. VSechny teorie kvantové gravitace jsou nyni stale na docela rudimentarni urovni
vyvoje. Co to je ? Muzete tedy pouzit to, ¢emu se fika ,,poloklasicka gravitace®, coz je
piiblizeni, kdy jsou véci témét klasické, aha...to je ta pfimka, poskladana s roziezané
paraboly , ¢ili $vindl ale naptiklad véci jako kvantoveé tunelovani Ize stale popsat. A v tomto
rezimu jsou vSechny tyto rizné teorie vicemene stejné. Vilenkin = Tryon ; Einstein = Newton
Rozdil nastal skute¢né na skutecné kvantové gravita¢ni trovni, kde se povaha ¢asoprostoru ve
skute¢nosti muze zmenit jako v Teorii strun, Kterd tika, Ze prostor muze mit vice dimenzi, ano
1 ¢as miiZze mit vice dimenzi.., spolecné pak kdyz se balickuji vyrabi tim hmotu nebo mozna i
prostor a ¢as samotné jsou tak trochu poloklasické. koncepty a na mikroskopic¢téjsi trovni
mame razné struktury, struktury = propletené kiivé dimenze ti délek a to propletené s tiemi
dimenzemi ¢asu — viici vakuum takze prostor a ¢as se objevi, kdyz piejdete do dostatecné
velkych métitek. Tady pozor : tok plynuti ¢asu v jedné Sipce dominuje ve velkych méfitcich,
ale na malych métitkach, v té péné, je tok Casu ,,vSesmérny*...; dotto uvnitt sbalenych balicka
které presentuji elementy hmoty A to samé plati o Loop Quantum Gravity. O.K. , smyc¢kova
gravitace se objevi napft. kdyz se pfiblizi dvé ¢erné diry , vzajemné s rotaci v n¢jakém thlu a
pak nastane ,,komplikovangj$i pokiiveni Casoprostoru®, ale neni to stav 3+3 ,,sbaleny* do
klubicka...Pokud by vesmir za¢al takovou kvantovou nukleaci, co by bylo pii¢inou? Princip
kiiveni dimenzi je tou odpovédi na tu zahadu Mnoho kvantové mechanickych procesi
nevyzaduje ptic¢inu. Naptiklad, pokud mate radioaktivni atom, vite, Ze se rozpadne. Ale
nemuzete fict kdy. Existuje tedy — polocas rozpadu, napiiklad, ze muzete fici, Ze za rok je
pravdépodobnost rozpadu tohoto atomu 50 %. Pak uplynul rok, nezchétral. Pravdépodobnost,
7e se pristi rok rozpadne, je stale 50 %. Nakonec se rozpadne. Ale kdyz se ptate, proc¢ se to v
tu konkrétni chvili rozpadlo? Neexistuje divod. Neexistuje zadna piic¢ina. Anebo ji jeste
nezname..Kvantové mechanické procesy, jako jsou tyto, jsou tedy nezavinéné a spontanni
stvoieni vesmiru je stejné povahy. To je stale ta vase ,,prvni* vize. Dotéd’ nebyla
prozkoumana ,,druha* vize, moje HDV : skokové zména kiivosti dimenzi 3+3 euklidovsky
plochych pied Tieskem do kiivosti extrémné kiivych — plazma, péna dimenzi, viici vakuum,
po Tresku — nas Vesmir NevyZzaduje to zadnou piicinu. ? To nedokazi posoudit. Pfesto si
myslim, Ze vase vize ,,prvni“ : vznik Vesmiru Z Niceho, tj. vznik i prostoru a ¢asu a i hmoty s
,konecnou hmotnosti* je vize mén¢ krasna, nez moze vize ,,druhd* kdy plochy 3+3D
Casoprostor je nekonecny ve svych dimenzich ¢asovych i délkovych..., a ve kterém ,,stiithem-
treskem® ( bez pficiny ) stane ,.,konecna lokalita* (singularita ?) extrémé kiivych dimenzi a
tato ,,pénovita lokalita®, pénovité plazmatické prostiedi chaoticky kiivych dimenzi, se stane
vyvojovou lihni promeén, tj. vyrobou balickil = elementarnich ¢istic balenim dimenzi do
klubicek, ty pak stavebnimi kameny dalSich produktii — atomy, molekuly, slou¢eniny, chemie,
bilogie az DNA...., dale geenze promén kiivosti ¢p fyzikalnich poli a dale vzajemnosti hmoty
a Casoprostoru tak jak to uz vSichni znaji.

Je to jen maly PODSTATNY rozdil mezi
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izi ,,prvni‘|: vznik v§eho z Ni¢eho a
vizi ,,druhou‘| vznik hmoty a poli v prostiedi ¢asoprostorové pény a to z dimenzi dvou

zékladnich veli¢in, kde kazda konfigurace pouzité kiivosti kazdé dimenze z 3+3 nese-dodava
konfiguracim ,,vlastnosti a ,,zdkony*. V&tim, ze az se najdou lidé kteti HDV pochopi, Ze tu
vizi HDV zdokonali do kosatého nadherného smysluplného popisu, nej je tento milj popis
jednoduchy, kostrbaty. Zatimco mnoho fyzikt ptipousti, Ze ke zhrouceni kauzality dochazi
na kvantové urovni, existuji rizné interpretace kvantové mechaniky. Jak to tedy ovliviuje
povahu kauzality v kvantove kosmologii? Jedinou interpretaci kvantové mechaniky, ktera se
zda byt v kosmologii smysluplnd, je Everettova interpretace nebo interpretace mnoha svétu. |
tato interpretace skiipe. Protoze ten druhy— Napfiklad tzv. Kodanska interpretace— Tato
interpretace vyZaduje, aby mimo vesmir existoval pozorovatel s néjakym méiicim
zarizenim,bla-bla které vesmir méti. V piipadé vesmiru takového pozorovatele nemame.
Vesmir je tedy samostatny systém a myslim, Ze zde je vyzadovana interpretace mnoha svéta.
V kodanské interpretaci jsou véci kauzalni jednoduse proto, Ze je to tak trochu zabudovano do
povahy [interpretace]. Mate vinovou funkci popisujici vas atom a pak se vinova funkce v
prabéhu méfeni zhrouti, na papiie ,,v matematice* se zhrouti funkce, ale co se zhrouti v real-
vesmiru ? a jak ? coz pravdépodobné vede k néjakému vysledku. A neexistuje Zadna pficina,
jak si tyto véci vybirate — vysledky. V piipadé mnoha svéta nedochazi k témto kolapsum
vinové funkce a vinova funkce se vyviji deterministicky. Jednu zavadu jste vyménili za jinou
zavadu Takze v jistém smyslu jde o deterministickou interpretaci Kvantova mechanika. Tato
vlnova funkce v8ak popisuje soubor vesmirt (soubor, to je kolik ? pul nekone¢na ?) a v
raznych ¢lenech souboru v riznych vesmirech ziskate vSechny mozné vysledky vaseho
méteni. JednodusSe nevite, ve kterém vesmiru se nachazite. Takze to, ve kterém vesmiru
skoncite, je take a-kauzalni druh procesu. [Phil] Slysel jsem, Ze néktefi lidé tvrdi, ze tehdy —
Mohla by teorie pilotnich vin nebo De Broglie-Bohm, Ze je to kauzalni. Mate k tomu né&jaky
komentai? No, myslel jsem, Ze tato pilotni teorie ? je krasny ndpad. Dival jsem se nato v
mladi, coz bylo velmi davno, a potom jsem to opravdu nesledoval. Bylo to — podle mého
chapani, Ze to neni ve skute¢nosti dobte rozvinut teorie. Plati to pro jednoducha nastaveni,
castice se pohybuje v n¢jakém potencialu, ale pokud to pouzijeme na kvantovou teorii pole
nebo na kvantovou gravitaci, nemyslim si, ze to v této fazi jesté neni. Pokud by néco mohlo
pochézet z ni¢eho, tak proc se to nedéje porad? Mozna déje. I v ,,dneSnim* viicim vakuu
elementarni ¢astice nové vznikaji (?) Pary Castic urcité, ale zda solo Castice, to nevim,
mozna..Proc¢ se tygii prosté neobjevi v nasem obyvaku? V kvantové mechanice je mozné
mnoho véci, které nejsou mozné v klasické fyzice. A skute¢né mazete mit — V zasade se vam
mohou dit velmi zvlastni véci. Jako predméty vychazejici ze vzduchu. Existuji vak urcita
pravidla. A tato pravidla jsou zakony zachovani. Uspora energie je tedy vzdy prosazovéana.
Takze napiiklad nemuzete mit tygra, aby se objevil z— ve vakuu, protoZe [ten] tygr ma
hmotnost, n&¢jakou energii. Ale pokud mate hroudu hmoty, v zasadé se maze proménit v

[Jtygra.

(04)- And Quantum Mechanics will not tell you that this is absolutely impossible, but if you
try to calculate the probability of this happening, it will be pretty low. On the other hand, in
[the] micro world, when you collide particles like they do at the Large Hadron Collider, you
collide two particles and they turn into all sorts of things. They turn into other particles, or
you can collide two protons and they turn into a cascade of a huge number of other particles.
S0, on the microscopic scale such processes do occur, and— If you think of the quantum
creation of the universe, it is a tiny microscopic universe that has to pop out out of nothing. If
you calculate the probability of this happening— I should say that, conceptually, interpreting
this probability is a little difficult. But still, if you do the calculation you find that it is far



more probable than having a tiger materialized in front of you. Once the small universe
nucleates, it is thought to undergo inflation. But as Vilenkin pointed out in the early 1980s,
this was a mind-blowing implication for the large-scale structure of reality. It all has to do
with how inflation ends. It happens through bubble nucleation. So, it is like boiling of water.
A tiny bubble of our vacuum, like the one we live in pops out in this expanding, inflating
universe, and it starts to grow. And this bubble nucleation is also a random quantum process.
It happens at different points randomly, and so— You will have, after a while, this inflating
space sprinkled with these different bubbles. The bubbles that formed earlier big, the bubbles
that are just forming are tiny. And as | said the bubbles grow, but they very rarely collide,
because the space between them is expanding even faster. We cannot really travel to other
bubbles because the boundaries of the bubbles are expanding so fast. They expand at the
speed approaching the speed of light. So, no matter how fast we travel we will not reach the
boundaries. So, for all practical purposes, we live in a self-contained bubble universe. And an
unlimited number of such bubble universes will be formed in the course of inflation So, that is
why it is called "eternal inflation”. Inflation never ends in the entire universe. It ended in our
part of the universe, and this is what we call our Big Bang, when this energy of the vacuum
went to ignite a fireball of particles, and that's— That was our local Big Bang in our bubble.
But countless Big Bangs happened before it in other bubbles and will happen after it. Many
textbooks claim that inflation happens after the Big Bang. But when we spoke to Alan Guth,
the father of inflation, in Episode #4 of this series, he claimed that it might be better to think
of inflation happening before the Big Bang. In the early interpretation, Big Bang was kind of
a singularity, where if you take the simplest cosmological models and continue them back in
time you find a point where the energy density and temperature become infinite. It's simply
the point where the mathematics of the theory breaks down. You cannot go any further and
so, that's where you stop. But— The meaning I use the term Big Bang in is the beginning of
the standard, hot cosmological evolution. So, when the universe has a very high temperature,
very high density, is rapidly expanding— That's the Big Bang. Before that, according to
present views, we have inflation. Now Big Bang, the term, is sometimes applied to [the]
initial singularity, if you want to consider one. But, in fact, | think [a] singularity is not a
useful thing to have in a physical theory, because you want your mathematics to work, you
don't want it to break down."What happened before the Big Bang?": inflation. "What
happened before inflation?" No matter what you say you can keep asking what happened
before that. So, creation from nothing kind of seems to be the only thing that stops this infinite
regress. When | had the idea that inflation is eternal | went to see Alan Guth and tell him
about this. And he actually fell asleep. | should say that now he is a great enthusiast of eternal
inflation. When I got to know Alan better, I discovered— Well, first of all, I discovered that
he's a pretty sleepy fellow. He comes to seminars regularly, and he regularly falls asleep a few
minutes after the seminar begins in most cases. Sometimes actually [he] stays awake, but
these are exceptions. But then, no matter what, in the end Alan wakes up and asks [the] most
penetrating questions about— About what was said in the seminar. If I knew his supernatural
abilities, 1 would continue telling him about my idea, but I quickly retired. Many have
claimed that as other bubble universes cannot be directly observed, the multiverse is not
science. In Episode #4 we talked about the possibility of detecting signatures, bubble
collisions in the Cosmic Microwave Background, But the Vilenkin and his collaborators have
recently worked on a new proposal for testing the multiverse.

(04)- A kvantova mechanika vam netekne, Ze to je absolutné nemozné, ale pokud se
pokusite spog¢itat pravdépodobnost, Ze se to stane, bude to docela nizké. Na druhou stranu, v
mikrosvéte, kdyz se srazite s ¢asticemi jako ve Velkém hadronovém urychlovaci, srazite se



dv¢ ¢astice a ty se promeéni v nejriznéjsi véci.. Promeéni se v jiné ¢astice, nebo muzete srazit
dva protony a ty se promeéni v kaskadu obrovského mnozstvi dalSich ¢astic. Nejcastéji jsou to
.jety®, coz pokladam za ,,sttepy*, nikoliv za prave ¢astice hmoty ve SM Takze v
mikroskopickém meétitku k takovym procestim skuteéné dochazi a — pokud premyslite o
kvantovém stvoreni vesmiru, je to maly mikroskopicky vesmir, ktery musi vyskogit z ni¢eho.
Fuj, nemusi...Pokud spogitate pravdépodobnost, Ze se to stane— mél bych fici, ze koncepéné
je interpretace této pravdépodobnosti trochu obtizna. Ale piesto, kdyZ provedete vypocet,
zjistite, Ze je to mnohem pravdépodobnéjsi, nez kdyz se pied vami zhmotni tygr. Jakmile 8€ v
malém vesmiru uytvori jadra, predpoklada se, Zze podstoupi inflaci. Vytvoii se, ano, jiste, ale

z dimenzi veli¢in Délka a Cas stylem bali¢kovani...atd. viz HDV Ale jak Vilenkin poukézal
na pocatku 80. let 20. stoleti, byla to ohromujici implikace pro rozsahlou strukturu reality.
Ve souvisi s tim, jak inflace skon¢i. Déje se tak prostrednictvim nukleace bublin. Z ¢eho jsou
,bubliny* a co to je ,,nukleace* ? Soudim, ze bubliny budou z dimenzi ¢p a nukleace je ono
vlnobalickovani téch dimenzi do klubicek...TakzZe je to jako vaieni vody. V tomto
rozpinajicim se nafukujicim se vesmiru vyskoc¢i malé bublina naseho vakua, a z ,,ciziho*
vakua se vynofi co ? jako je ta, ve které zijeme, a zacne rust.co to je ,,rust” ? Ja kdyz fikam
,dimenze kiiva-smotana, ze se rozbaluje a tim se natahuje atim ,,roste délka* (intervalu) tak to
ma smysl, ale u vas ,,roste* z ¢eho ? A tato nukleace bublin je také ndhodny kvantovy proces.
D¢je se to na riznych mistech nahodné, a tak— Po chvili budete mit tento nafukovaci (
rozbalovavaci se) prostor posety témito raiznymi bublinami. Bubliny, které se vytvofrily diive,
jsou velké, bubliny, které se teprve tvori, jsou malé. A jak jsem tekl, bubliny rostou, roztou
jediné tak, ze se rozbaluje kiivost dimenze ale velmi ziidka se srazi, protoze prostor mezi nimi
se roz§ifuje jesté rychleji. Prostor se rozbaluje a bubliny (s jinou kiivosti dimenzi ) v tom
,plavou http://www.hypothesis-of-universe.com/docs/c/c_241.jpg toto je nedokonala
vizualizace ,,rozbalovavani® a ,,sttedi ve Vesmiru neni jen jeden ale miliony takovych stiedi,
tedy zazda oblast galaktickych kup a poloprazdnych prostor mezi nimi, se rozbaluje
jinak...http://www.hypothesis-of-universe.com/docs/c/c_240.jpg rtzné kiivosti kiivych
dimenzi do sebe zapadaji Nemizeme skute¢né cestovat k jinym bublinam, protoze hranice
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ohledu na to, jak rychle cestujeme, nedosahneme hranic. TakZe pro vSechny praktické ucely
Zijeme v sobéstacném bublinovém vesmiru. A takovych bublinovych vesmiru se v prabéhu
inflace vytvoti neomezeny pocet. Proto se tomu tika ,,vé¢na inflace”. Inflace v celém vesmiru
nikdy nekonci. Skon¢ilo to v nasi ¢asti vesmiru, a v jiné ¢asti to neskoncilo ? a tomu fikdme
nas Velky tiesk, a v jiné Cisti nebyly velké Tresky ? kdyz tato energie vakua zazehla ohnivou
kouli &astic, a to je — To byl jnas§ mistni Velky tiesk| v nasi bubling. A co existuje mezi
bublinami ? tam vladne Belzebub ? Ale bezpocet velkych tiesku se stalo pred nim v jinych
bublinach a co v téch bublinach ,treska-triska® ? a bude se dit i po ném. Mnoho ucebnic tvrdi,
ze k inflaci dochazi po velkém tiesku. Ale kdyz jsme mluvili s Alanem Guthem, otcem
inflace, v epizodé ¢. 4 této série, tvrdil, ze bylo lepsi myslet na inflaci pied Velkym
tieskem. A co takhle myslet na verzi B, tj. HDV ?!! V rané interpretaci byl Velky tresk
jakousi singularitou, kde kdyZ vezmete nejjednodussi kosmologické modely a pokracujete v
nich zpét v ¢ase, najdete bod, kde se hustota energie a teplota stanou nekone¢nymi. O.K.
JenZe v nekonecné kiivé chaotické péné dimenzi jesté hmota neni ! Hmota se zrodi
procesem...procesem balickovani dimenzi do ,,pfedepsanych® konfiguraci z ,,pfedepsaného*
poctu dimenzi pro kazdou zakladni elementarni ¢astici http://www.hypothesis-of-
universe.com/index.php?nav=ea ( jaky je ten ,pfedpis™ to ja zatim nevim ) Je to proste bod,
kde se matematika teorie hrouti. Nemuzete jit dal, a tak se tam zastavite. Ale— Vyznam, ve
kterém pouzivam termin Velky tiesk, je pocatek standardni, horké kosmologické evoluce.
Takze kdyz ma vesmir velmi vysokou teplotu, velmi vysokou hustotu, rychle se rozpina — to
je Velky tiesk. Pied tim mame podle soucasnych nazora inflaci. Nyni se termin Velky tiesk
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nékdy pouziva pro [] po¢atecni singularitu, chcete-1i o ni uvazovat. Ale ve skute¢nosti si
myslim, Ze [a] singularita neni uZite¢na véc ve fyzikalni teorii, protoZe chcete, aby vase
matematika fungovala, nechcete, aby se zhroutila."Co se stalo pred Velkym tieskem?" :
inflace. ? inflace, ale ¢eho ? co inflantovalo ? , a kde to bylo ? v ¢em ? "Co se stalo pred
inflaci?" Pro fyziky nezodpovéditelna otazka. Pro HDV je to zcela zasadni a realistické : 3+3d
plochy ¢asoprostor, nekone¢ny, bez hmoty, bez poli, bez toku plynuti ¢asu, bez rozpinani
prostoru. Pak v tomto prostiedni big-bang. Bez ohledu na to, co fikate, muzete se ptat, co se
stalo pred tim. Ano, jsou to $patné otazky, protoze tok-plynuti ¢asu pred big-bangem
neexistoval, ale existoval tam majestatny 3+3d Casoprostor se dvéma veli¢inama (které¢ maji
tii plus tfi dimenze ) Zda se tedy, Ze stvoieni z ni¢eho je jedinou véci, kterd zastavi tento
nekonecny regres. Nikoliv Kdyz jsem mél piedstavu, Ze inflace je vé¢na, Sel jsem za Alanem
Guthem a ekl jsem mu o tom. A skute¢né usnul. M¢l bych fici, ze nyni je velkym nadSencem
vécné inflace. Kdyz jsem Alana Iépe poznal, zjistil jsem — No, za prvé jsem zjistil, Ze je to
docela ospaly chlapik. Na seminaie doch&zi pravidelné a ve vétsing pripadu pravidelné par
minut po zacatku seminare usne. N¢kdy skutecné [on] ziastava vzhuru, ale to jsou vyjimky.
Ale pak, at’ se d&je cokoli, nakonec se Alan probudi a polozi ty nejpronikavéjsi otazky — 0
tom, co bylo fe¢eno na seminati. Kdybych znal jeho nadptirozené schopnosti, pokracoval
bych mu ve vypravéni o svém napadu, ale rychle jsem odesel do dichodu. Mnozi tvrdili, Ze
jelikoz jiné vesmiry bublin nelze ptimo pozorovat, multivesmir neni véda. V epizod¢ ¢. 4
jsme mluvili o moznosti detekce podpist, kolizi bublin v pozadi kosmického mikrovinného
zareni, ale Vilenkin a jeho spolupracovnici nedavno pracovali na novém navrhu testovani
multivesmiru.

(05)- multiverse picture, there is not just one type of bubbles. String Theory, for example,
predicts an enormous number of possible types of vacua, and all these vac— With this vacuum
comes a corresponding type of bubble which can be filled with that vacuum.And in the course
of eternal inflation all these vacuum states will be populated to have bubbles within bubbles,
within bubbles. When inflation was going on in our region of space, bubbles of different
vacua popped out and expanded. When we worked on this idea we thought, "What is going to
happen to these bubbles when inflation ends?' The answer is that instead of expanding they
will start contracting and they will collapse. They will form black holes. And we've calculated
the mass distribution of these black holes. So, there are there is a very uniquely defined
distribution of masses. And, for one thing, these black holes are interesting because they may
explain, say, the origin of supermassive black holes that we observe in galactic centers. But
also if we really detect black holes with this predicted mass distribution, that would be
evidence for the multiverse, that we indeed had this period where bubbles were nucleating.
So, these are basically failed bubbles, these big black holes. So, these are direct tests. If we
are lucky enough, we will be able to observe these things. But also there are indirect tests
possible. The idea is that if you have indeed these bubbles with variety of physical properties,
some people noted that this will explain fine-tuning, observed fine-tuning of the constants of
nature. Because obviously we can live only in those bubbles which are suitable for life. But
you can turn this around and make it a testable prediction. You can say, okay, if you have a
theory of this multiverse, Can we try to predict what kind of bubble we are most likely to
inhabit? In particular, what values the constants of nature, like [the] gravitational constant, or
electron charge, or whatever other parameters [it] will have. This prediction was actually
successful for one constant, which is the cosmological constant of the vacuum energy density,
or it is sometimes called dark energy. There was a great problem related to this parameter,
which is that particle physics models naturally predict a huge value for this cosmological
constant. And that would cause the universe to inflate at tremendous rate, which we obviously



don't observe. So, the the problem was why the vacuum energy is so small. If you calculate
the vacuum energy, this large value comes from quantum fluctuations due to different fields.
Like, for example, photons contribute positively to vacuum energy and electrons being
fermions contribute negatively. So, in principle, you can imagine that different contributions
will cancel out, but that would require cancellation up to 120 decimal points. So, that would
be a tremendous fine tuning. However, if you have a huge multiverse with a very large
number of different vacuum types, in most of the bubbles you will have [a] cosmological
constant very large, and there will be no observers there. But in some very, kind of rare
bubbles, just by chance, you will have a small value. And that's where the observers will be.
Now, you can try to figure out what value we are likely to observe. Steven Weinberg was the
first to find the bounds. He found the bounds if the— He figured that if the cosmological
constant is bigger than some certain value, then the repulsive force due to it is too large to
allow galaxies to form. So that obviously will not be a populated type of universe. But the
next step was to figure out— Okay, this is where we don't live, right? So, this is not really a
useful prediction. But you can try to calculate where we are most likely to live. And that's in
those bubbles where the cosmological constant does not start dominating before galaxies are
formed. So it allows galaxies to form. And then you have a large number of galaxies. After
that, [the] cosmological constant can dominate without damage. And that predicts a value, or
a range of values rather, which at the time when the prediction was made people paid little
attention to it, because anthropic arguments were in disrepute— Disresp— Disrepute, I think.
—Yeah. And, then— [A] value in the predicted range was actually observed. It came as a
shock to most physicists when the antropically predicted value of the cosmological constant
was actually observed. And this changed many minds. So, no other possible explanations for
the observed value of the cosmological constant have been found. So, this may be our first
indication that there is indeed a huge multiverse out there. If the amount of dark energy in the
universe is delicately fine-tuned for life, the multiverse can explain why. We have to live in a
part of the multiverse that permits life.

(05)- multivesmirny obraz, neni jen jeden typ bublin. Teorie strun naptiklad predpovida
obrovské mnozstvi moznych typt vakua a v§echny tyto vakuum— S timto vakuem ptichazi
odpovidajici typ bubliny, kterou Ize timto vakuem naplnit. Podkladem vakua je sit’ 3+3
dimenzi zvana ¢asoprostor...a teprve ,,pak* se vakuum formuje, napt do ,,pény kiivych
dimenzi®, v niz mohou ,,vznikat-zanikat* sbalené geony, kokony...anebo pary ¢astic, prosté
vakuum je ,,pIlné kiivych dimenzi a kiiveni dimenzi je P RIN C I P E M realizace = stavby
hmoty stylem ,,balickovani do , ktera ,,naberou* na sebe vlastnosti ..atd. jak pravi HDV Av
prabéhu vééné inflace se vSechny tyto vakuové stavy byt osazen tak, aby mél bubliny uvniti
bublin, uvnitt bublin. KdyZz v nasi oblasti vesmiru probihala inflace, vyskakovaly a
expandovaly bubliny razného vakua. Prosté si tu vzajemné vypravime jiné pohadky...“ja o
koze, ty 0 voze*“ Kdyz jsme pracovali na této myslence, fikali jsme si : 'Co se stane s témito
bublinami, az inflace skon¢i?' Odpovéd’ zni, Ze misto rozpinani se za¢nou smrstovat a zhrouti
se. Az se vesmir a jeho vSechny zakfivené dimenze rozbali ( ¢imZ mam na mysli 1 prostory-
objemy mezi galaxiemi, i prostory v kosmické pavuéing, i prostory v galaxiich i prostory
uvéznéné ve hmot¢ = 3+3 dimenze sbalené ) tak az se veskera kiivost vSech dimenzi narovna
tedy 1 ,,rozplyne se hmota®, bude Vesmir ve stavu jaky panoval pied Treskem tohoto vesmiru,
zastavi se tok plynuti ¢asu — bude rozbaleny, zastavi se rozpinani — budou dimenze
euklidovsky rovné...zaniknou zékony, pravidla, principy...atd. Multivesmir se méni prave a
diky ,.ktiveni® dimenzi, to je zékladni akt Budou tvofit ¢erné diry. A vypocitali jsme rozlozeni
hmoty téchto ¢ernych dér. Existuje tedy velmi jedine¢né definované rozlozeni hmotnosti. Na
velkoskalové trovni je rozlozeni hmotnosti homogenni, protoze i rozloZeni kiivosti je



homogenni. .. http://www.hypothesis-of-universe.com/docs/c/c_362.jpg Obrazek presentuje
svitici hmotu, pfesto klidné by mohla tato ,,sit’ bodi* slouzit jako vizualizace nehomogennich
kiivosti dimenzi Casoprostorovych ..Cli jako bych zadal grafikovi aby nakreslil sité vice a
méné fivych poli a objemii ¢asoprostorovych dimenzi A za prve, tyto ¢erné diry jsou
zajimavé, protoze mohou vysvétlit, feknéme, pavod supermasivnich ¢ernych dér, které
pozorujeme v galaktickych centrech. Ale také pokud skute¢né odhalime ¢erné diry s timto
piedpokladanym rozlozenim hmoty, byl by to diikaz pro multivesmir, Ze jsme skute¢né méli
toto obdobi, kdy bubliny nukleovaly. Takze to jsou v podstaté nedspésne bubliny, tyto velké
Cerné diry. Takze to jsou piimé testy. Pokud budeme mit $tésti, budeme moci tyto véci
pozorovat. Jsou v§ak mozné i nepiimé testy. Myslenka je takova, ze pokud skute¢né mate tyto
bubliny s riznymi fyzikalnimi vlastnostmi, hmotové elementy maji vlastnosti, ale jake
vlastnosti ma asoprostor ? nez tu jedinou : , K RIV E NI DIMENZI nekteii lidé
poznamenali, Ze to vysvétli jemné doladéni, pozorované jemné doladéni prirodnich konstant.
Konstanty jsou zajimavé téma. Krom jiného urcité zavisi ,,velikost* konstanty na lidské volbé
jednotek ( a které veli¢iny maji jednotky ?...ze ? ). http://www.hypothesis-of-
universe.com/docs/c/c_052.jpg Zahadngjsi bude zjistit ,,pro¢ je postavena elementarni
castice prave ,,Nekym* schvalenou predlohou, ¢ili nendhodnou konfiguraci zabaleni dimenzi
»he-zvolenych® a s nezvolenymi danymi kiivostmi. O tom ani to tuSeni nemam. ProtoZe
evidentné mizeme zit jen v téch bublinach, které jsou pro zivot vhodné. Ale mizete to otocit
a ud¢lat z toho testovatelnou predpoveéd’. Mazete fici, dobie, pokud méte teorii tohoto
multivesmiru, Muzeme se pokusit piedpovédét, jaky druh bubliny budeme s nejvétsi
pravdépodobnosti obyvat? Zejména jaké hodnoty budou mit piirodni konstanty, jako je
gravita¢ni konstanta nebo naboj elektronu nebo jakékoli jiné parametry. Tato predpovéd byla
ve skute¢nosti Gspésna pro jednu konstantu, coz je kosmologicka konstanta hustoty energie
vakua, nebo se ji nékdy tika temna energie. O.K. Energie vakua nemuze byt v teorii HDV nic
jiného nez ,.hustd péna kiivych dimenzi®.. kfiveni dimenzi je principialnim diivodem
realizace hmoty ( a poli také ) S timto parametrem byl velky problém, ktery spo¢iva v tom, ze
modely ¢asticoveé fyziky prirozené predpovidaji obrovskou hodnotu této kosmologické
konstanty. A to by zpiasobilo nafouknuti vesmiru obrovskou rychlosti, kterou evidentné
nepozorujeme. TakZe problém byl, pro¢ je energie vakua tak mala. Pokud vypogitate energii
vakua, tato velka hodnota pochazi z kvantovych fluktuaci v dusledku raznych poli. Stejné
jako naptiklad fotony ptispivaji pozitivné k energii vakua a elektrony jako fermiony ptispivaji
negativné. V zasade¢ si tedy dokazete piedstavit, Ze se rizné prispévky zrusi, ale to by
vyzadovalo zruSeni az na 120 desetinnych mist. !?!? Ja osobné nevéfim na zrychlené
rozpinani Vesmiru. Jsem konzervaticec a véfim v ,,parabolické postupné pomalejsi a
pomalejsi rozbalovavani®, tj. na A = 0 https://astronuklfyzika.cz/Gravit5-3-TemnaEnergie.qif
Tak to by bylo ohromné jemné doladéni. Pokud vSak mate obrovsky multivesmir s velmi
velkym poctem raznych typt vakua, ve vétsing bublin budete mit [] kosmologickou konstantu
velmi velkou a nebudou tam Zadni pozorovatelé. Ale v n¢kterych velmi vzacnych bublinach,
jen ndhodou, budete mit malou hodnotu. A pravé tam budou pozorovatelé. Nyni se muzete
pokusit zjistit, jakou hodnotu pravdépodobné zaznamename. Steven Weinberg byl prvni, kdo
nasel hranice. Nasel hranice, pokud — Usoudil, Ze pokud je kosmologicka konstanta vétsi nez
n¢jaka urcitd hodnota, pak je odpudiva sila zptisobena ni piilis velka na to, aby umoznila
vznik galaxii. Takze to zjevné nebude osidleny typ vesmiru. Ale dal$im krokem bylo pfijit na
to — Dobfe, tady nezijeme, ze? Takze to opravdu neni uzite¢na piedpoveéd’. Muzete si ale
zkusit spocitat, kde s nejvétsi pravdépodobnosti budeme bydlet. A to je v téch bublinach, kde
kosmologicka konstanta neza¢ne dominovat diive, nez se vytvoii galaxie. Umoznuje tedy
vznik galaxii. A pak mate velké mnozstvi galaxii. Poté muze [kosmologické konstanta
dominovat bez poskozeni. A to pfedpovida hodnotu, nebo spise rozsah hodnot, kterym v
dobg¢, kdy byla piedpoveéd’ vytvoiena, lidé vénovali malou pozornost, protoze antropické
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argumenty byly podle mého nazoru v nepravd¢ — Disresp — Disrepute. —Ano. A pak —
hodnota [A] v predpokladaném rozsahu byla skute¢né pozorovana. Pro vétsinu fyziku to byl
Sok, kdyz byla skute¢né pozorovana antropicky piedpovézenad hodnota kosmologické
konstanty. A to zménilo mnoho nazori. Nebylo tedy nalezeno zadné jiné mozné vysvétleni
pozorované hodnoty kosmologické konstanty. Takze to mlize byt nas prvni naznak toho, ze
tam venku skutecné existuje obrovsky multivesmir. Pokud je mnozstvi temné energie ve
vesmiru jemn¢ vyladéno pro zivot, multivesmir maze vysvétlit pro¢. Musime zit v ¢asti
multivesmiru, kterd umoziuje zivot. http://www.hypothesis-of-
universe.com/docs/g/g_041.pdf

(06)- But a recent study has suggested that dark energy could be many times larger than the
observed value, without threatening life Furthermore, they claim that this puts pressure on the
multiverse as an explanation. | think they somewhat exaggerated the— That— So, the initial
prediction when you calculate the probability distribution. That calculation was actually a
pretty rude. The— Basically the probability of finding a certain value of [the] cosmological
constant was identified with the fraction of matter that clusters in galaxies. So, if you have a
cosmological constant large enough to make, say, most of the matter to avoid clustering in
galaxies, and only a few galaxies are formed, then the probability of such a universe is low.
And if most matter is in galaxies, then the probability is high. When you calculate the
probability distribution using this you find that it is pretty broad. And the observed value is on
a low side of the distribution but within the 95% range. So, what they did— They did a more
realistic calculation using [a] numerical simulation of the universe, and they found that it is
somewhat broader than— But, in my view, not dramatically broader than analytic calculations
did. But the main point is not that, that | want to make. The main point is that this model is, as
| said, it is rather primitive. For example, it doesn't consider differences between galaxies. So,
if the cosmological constant is large, for example, then it starts dominating early. And this
means that galaxies also must form early.Any galaxies that you form will form earlier than
galaxies in our version of the universe. Earlier means density is higher. So those galaxies will
be denser. And stars will run into one another more often, and what's more important,
supernovae will explode closer to us, right? Because the density of stars will be higher. In the
last few months there appeared a paper where— I don't remember the names, there were four
Japanese authors— They did a simulation but now including this effect of supernovae. And
with some realistic assumptions about how close you can afford to have a supernova to you
without causing a great extinction. And they found that as a result the probability distribution
changes in such a way that we happen to be just in the middle of the distribution. So, I think
there is no big problem there. While eternal inflation may be possible to probe
experimentally, is there any prospect for evidence of tunneling from nothing? The
mathematics of this proposal gives you a probability distribution for initial states. So you can
say what kind of state the universe is most likely to appear. Inside it will be very small, filled
with this high-energy vacuum. What kind of fluctuations it will have, and so forth. The
problem is that after that, you have this eternal inflation with bubbles, and so forth. So, the
universe forgets its initial state. So, you have tunneling from one bubble to another. So, it's
kind of a process where the initial state is completely erased. And that's why it's very hard to
test. So far nobody [has] really figured out how it can be tested. The universe could be closed,
like a sphere, or negatively curved, like a saddle, or have no curvature, like a flat plane. One
thing tunneling from nothing does suggest is the shape of the universe. The universe in this
picture has to be closed. Because an open universe is infinite, and the probability for an
infinite fluctuation is exact exactly zero. [Phil] We observe the universe to be flat. Is that
right? Geometrically, yes. It's flat with a very high accuracy. [Phil] So, how do you make
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that? 'Cause, isn't a closed universe curved? Sure. The universe is closed, and when it appears
is like a three-dimensional sphere of extremely small radius. But then it inflates, and Inflation
makes it huge. So, we see only [a] small portion of this universe and it appears flat to us. The
tunneling from nothing proposal requires that the laws of physics exist platonically
independent of the universe. One reaction has been that this cannot be. As laws are just
descriptions of how objects behave and have no causal powers. People who say that was a
mere descriptions— I don't know where they get this knowledge. It seems to me that the laws
may well have some platonic existence. [Phil] Do you have any thoughts on why the laws are
what they are? Any ideas about that or it's just a given? | wish | had, but it's certainly the
question that suggests itself.

And the only attempt to address it, which | know, was made by Max Tegmark, who suggested
[an] even bigger multiverse. He said that, okay, maybe all possible mathematical structures
are somehow realized. | think this idea has some problems, like, for example, there are many
more complicated mathematical structures than simple ones. The laws we observe have
certain simplicity to them. Einstein said beauty.

(06)- Ale nedavna studie naznacila, Ze temna energie by mohla byt mnohonasobné VEtsi nez
pozorovana hodnota, aniz by ohrozovala Zivot. Dale tvrdi, ze to jako vysvétleni vyviji tlak na
multivesmir. Myslim, Ze ponékud piehnali — To — TakZe, poc¢ate¢ni predpovéd’, kdyz pocitate
rozde¢leni pravdépodobnosti. Ten vypocet byl vlastné dost hruby. V podstaté pravdépodobnost
nalezeni urcité hodnoty [kosmologické konstanty] byla ztotoznéna s podilem hmoty, ktera se
shlukuje v galaxiich. Pokud tedy méate kosmologickou konstantu dostate¢n¢ velkou na to,
abyste vytvorili, feknéme, vétsinu hmoty, abyste se vyhnuli shlukovani galaxii, a vznikne jen
nékolik galaxii, pak je pravdépodobnost takového vesmiru nizka. A pokud je vétsina hmoty v
galaxiich, pak je pravdépodobnost vysoka. Kdyz pomoci toho spocitate rozdéleni
pravdépodobnosti, zjistite, Ze je dost Siroké. A pozorovana hodnota je na spodni strané
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numerické simulace vesmiru a zjistili, Ze je ponékud $ir$i nez — Ale podle mého nézoru ne
dramaticky $ir$i nez analytické vypocty. Ale to hlavni neni to, co chci fict. Hlavni véc je, ze
tento model je, jak jsem fekl, ponékud primitivni. Napiiklad nebere v Gvahu rozdily mezi
galaxiemi. Pokud je tedy napiiklad kosmologicka konstanta velkd, za¢ne brzy dominovat. A
to znamena, ze galaxie se také musi vytvoftit brzy. Jakékoli galaxie, které vytvofite, se
zformuji diive nez galaxie v na$i verzi vesmiru. Diiv&jsi znamena, Ze hustota je vyssi. Takze
ty galaxie budou hustsi. A hvézdy na sebe budou narazet ¢astéji, a co je dulezitéjsi, supernovy
budou explodovat bliz k nam, ze? Protoze hustota hvézd bude vyssi. V poslednich mésicich se
objevil ¢lanek, kde — Nepamatuji si jména, byli tam ¢tyfi japonsti autofi — Udélali simulaci,
ale nyni zahrnuji i tento efekt supernov. A s nékterymi realistickymi piedpoklady o tom, jak
blizko si muzete dovolit mit supernovu u sebe, aniz byste zpasobili velké vyhynuti. A zjistili,
ze v dusledku toho se rozlozeni pravdépodobnosti méni tak, ze jsme nahodou uprostied
rozloZeni. TakZe si myslim, Ze tam zadny velky problém neni. I kdyZ je mozné
experimentalné zkoumat vécnou inflaci, existuje n¢jaka vyhlidka na dukaz tunelovani z
niceho? Matematika tohoto ndvrhu vdm dava rozdéleni pravdépodobnosti pro pocatecni stavy.
Muzete tedy fici, v jakém stavu se vesmir s nejvétsi pravdépodobnosti objevi. Uvniti bude
velmi maly, napInény timto vysokoenergetickym vakuem. Jaké to bude mit vykyvy a tak déle.
Problém je v tom, Ze poté mate tu véénou inflaci s bublinami a tak dale. Vesmir tedy
zapomene na svij pocatecni stav. Takze mate tunelovani z jedné bubliny do druhé. Jde tedy o
druh procesu, kdy je pocatec¢ni stav zcela vymazan. A proto se to velmi tézko testuje. Zatim
nikdo [ne] skute¢né prisel na to, jak to 1ze otestovat. Vesmir muze byt uzavieny, jako koule,
nebo negativné zakiiveny, jako sedlo, nebo nema zadné zaktiveni, jako rovna rovina.
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https://upload.wikimedia.org/wikipedia/commons/thumb/d/dc/Friedmann_universes.svg/440p
x-Friedmann_universes.svg.png Jedna véc, kterou tunelovani z niceho naznacuje, je tvar
vesmiru. Vesmir na tomto obrdzku musi byt uzavien. Protoze otevieny vesmir je nekonecny a
pravdépodobnost nekone¢né fluktuace je piesné nulova. [Phil] Pozorujeme, Ze vesmir je
plochy. Je to spravné? Geometricky ano. Je plochy s velmi vysokou piesnosti. Z globalniho
pohledu, v nadhledu ve ,,stop-Case* >>dnes<< je téééméert plochy, (geometricky euklidovsky )
az do vzdalenosti stafi cca 400 000 let, http://www.hypothesis-of-
universe.com/docs/c/c_239.jpg , jak to ukazuje obrazek http://www.hypothesis-of-
universe.com/docs/c/c_029.jpg z dalky je plochy, ale v lokalitach v§ude libovolné po
Vesmiru zvolenych, galaxie, kupy galaxii anebo siti, jsou tyto lokality rizné neploché, tedy
ktivé - plavou tu kiivosti 3+3 dimenzi v celém rozsahu : od extrémnich kiivosti pies
geometrické kiivky jako je parabola = gravitace az po ty kiivosti téméi ptimmkové To co
fikam-popisuji, je nutné jesté precisovat. [Phil] Tak, jak to délas? ProtoZe, neni uzavieny
vesmir zakiiveny? Tak urcité. Vesmir je uzavieny, posuzujeme-li ho ve vyvojovém Case a
kdyz se objevi, je jako trojrozmérna koule s extrémné malym polomérem. Ale pak se to
nafoukne a inflace to udéla obrovskym. Stop-stavy Vesmiru ve stop-¢ase Takze vidime jen []
malou ¢ast tohoto vesmiru a zdé se nam plochy. O.K. Na horizontu pozorovatelnosti, ktery je
Z nasi soustavy daleko 13.8 miliard let, je ¢asoprostor pootoceny, vzdalenost = isecka od nasi
soustavy na horizont viditelnosti je pooto€ena, je zakiiveny pravé podle STR ... protoZze STR
je svou podstatou pootacenim soustav, tj. soustavy Pozorovatele a soustavy Objektu. Foton
ktery opousti kvasar lezici pfimo na horizontu uz k nam nedoleti, protoze leti ,,radialné* od
nas, a z kvasaru kousek od horizontu leti k nam ,,po oblouku‘ protoze globalni ¢asoprostor je
u horizontu uz pootoc¢eny Navrh tunelovani z ni¢eho vyzaduje, aby fyzikalni zakony
existovaly platonicky nezavislé na vesmiru. Jenze zakony nemohou existovat ,,nezavisle na
Vesmiru, na existenci ¢i neexistenci Vesmiru. Posloupnost zakonil se béhem starnuti Vesmiru
rodi, vznikaji Jedna reakce byla, Ze to nemiize byt. Protoze zakony jsou jen popisy toho, jak
se predmeéty chovaji, a nemaji zadnou kauzalni silu. Lidé, ktefi fikaji, ze to byly pouhé
popisy— Nevim, kde tyto znalosti berou. Zda se mi, Ze zakony mohou mit néjakou
platonickou existenci. Ne. Zakony maji také svou genezi, tj. ,,strom posloupnosti vznikt
novych a novych zékonti. Po Veském tfesku neexistovaly ,,vSechny* soudobé zakony.

V biologii mame spoustu pravidel a zakoni, které po Tresku v té horké plazmé nebyly. [Phil]
Méte n&jaké myslenky na to, pro¢ jsou zakony takové, jaké jsou? Mate o tom n¢jake napady
nebo je to jen dané? http://www.hypothesis-of-universe.com/docs/g/g_041.pdf ;
http://www.hypothesis-of-universe.com/docs/eng/eng_009.pdf Pral bych si to, ale je to
otazka, ktera se rozhodné nabizi sama. A jediny pokus jak to fesit, vyiesit, ktery vim, udélal
Max Tegmark, ktery navrhl [] jesté vétsi multivesmir. Toto je ,,pokus™ ? a dokonce jediny ?
nejlepsi jak dokazat, Ze zakony (fyziky, chemie, biologie) jsou platonicky zvoleny vSechny
nardz ? ...? © Rekl, ze dobfe, mozna jsou viechny mozné matematické struktury néjak
realizovany. Myslim, ze tato mySlenka ma urcité problémy, jako napiiklad existuje mnohem

wevr

(07)- So, this seems to be a different selection criterion from just a random pick in the huge
set of mathematical structures. But the bottom line is that we have no idea where the laws of
physics come from. A frequent problem that has been raised in the context of a multiverse is
that of a "Boltzmann brain". If universes can spontaneously appear, why not just a brain? And
if such brains dominated the multiverse, then why aren't we one of them? In the multiverse
you have these bubbles nucleating, which are populated by observers like us, and you can also
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have these freak observers that fluctuate out a vacuum, or isolated disembodied brains, as
people suggest, which have the same perceptions as we have. Once you have a specific model
of the multiverse, you can figure out which are more probable. Like, you can compare their
numbers, and if your model predicts that predominantly the observers are Boltzmann brains,
that the model is, | would say, ruled out by observations. Maybe not ruled out by
observations, but | think this model is unsatisfactory. But there is a criterion which you can
figure out, and there are quite a few multiverse models which do satisfy the criterion— That
ordinary observers dominate over Boltzmann brains. So, | don't think it is an insurmountable
problem. It is just a condition that needs to be satisfied. In one of our previous episodes, we
discussed the No Boundary Proposal of Hartle and Hawking. How do these proposals differ
from one another? The the two proposals are similar in spirit, but mathematically, they are
rather different.And the predicted initial conditions for the universe are also rather different.
In the tunneling proposal the prediction is that the universe appears filled with the very high-
energy vacuum and it has initially a very small size. Because these things are related: The
high-energy vacuum corresponds to small size of the universe. The Hartle-Hawking proposal,
on the contrary, says that the universe should appear filled with very low energy vacuum and
have a very large size. The larger the initial size the more probable it is. | find this rather
counterintuitive, but on the other hand, things do not have to be intuitive with quantum
gravity. While inflation is the mainstream view of cosmologists, it does have its critics. And
one of the most prominent of these is Neil Turok. He and his colleagues recently took aim at
the Vilenkin's tunnelling from nothing proposal. They claimed that this thing doesn't work
and, basically, if you look at other particles, other than just gravity and this field that is
responsible for inflation, there are huge instabilities. That somehow these particles are created
in huge numbers, and— So the model predicts various disasters which we don't observe
happening. And they claimed that this applies both to my proposal of tunneling from nothing
and to the ideas of Hartle and Hawking, which were in a similar vein. So, there was now a
stimulus to reexamine these ideas, and | actually wrote a paper with Masaki Yamada, here at
Tufts, where we show that these things don't really happen. But this required a better
understanding of mathematics of the model, and— So, we felt that we made some progress. In
2003 Arvind Borde, Alan Guth and Alex Vilenkin published a theorem, often known as the
BGV theorem, which implies inflation must have a beginning. But does that mean that the
universe as a whole had a beginning? The theorem proves that inflation must have a
beginning, right? The universe as a whole— It doesn't— The theorem doesn't say that. It says
that the expansion of the universe must have a beginning, right? But it opens the door
somewhat for alternatives. One alternative that would circumvent the BGV theorem is a
universe that contracted before it expanded. While many cosmologists we've interviewed find
this a plausible option, Alex Vilenkin takes the opposite view. Strictly speaking the theorem
allows the universe, which is contracting from infinite size, for example, and then bounces
and re-expands. It— This excludes the model of eternal inflation to the past. The question that
the theorem answers clearly is that inflation maybe eternal to the future, but cannot be eternal
to the past. There may be problems with contracting universes, because basically contracting
universes are highly unstable. If you have, for example— You know, the galaxy is formed by
gravitational instability. You have a small over density and attracts matter and it grows. In flat
space it grows faster than an expanding universe. When the universe expands, it slows down
all these instabilities. But in contracting universes, it grows catastrophically. So, if you have
some inhomogeneities in this contracting universe, they would grow out of hand. For
example, if you have bubble[s] forming, all these bubbles instead of being driven away from
one another they would be driven towards one another.



(07)- Zda se tedy, Ze toto je jiné vybérové kritérium neZ jen ndhodny vybér v obrovské
mnoziné matematickych struktur. Zakladem ale je, ze nemame ponéti, odkud se berou
fyzikalni zakony. Opakuji : zakony se rodi, vyvstavaji, rekrutuji se do paralelni posloupnosti
,.prolinani* balickt kiivych 3+3 dimenzi v viti ¢asoprostoru. Castym problémem, ktery se
objevil v souvislosti s multivesmirem, je problém ,,Boltzmannova mozku“. Pokud se vesmiry
mohou spontanné objevit, pro¢ ne jen mozek? © Opét tu poukazi na svou praci
http://www.hypothesis-of-universe.com/docs/eng/eng_009.pdf kdy se smutnym uzasem lituji,
ze se nenasel ani jeden ¢lovék na svéte, ktery by si to pireCetl a nabidl se o zdokonalovani této
vize A pokud takové mozky ovladly multivesmir, tak pro¢ mezi né nejsme my? V
multivesmiru méate tyto bubliny ,,multivesmiry* ; ,,bubliny* jsou podle mé zbytec¢na fantazie
nukleujici, které jsou osidleny pozorovateli, jako jsme my, a muzete mit také tyto podivné
pozorovatele, kteti kolisaji ve vakuu, nebo izolované mozky bez téla, To uz se mi vic nez
fikate, libi pohadka Cert a Kaca jak lidé naznaduji, které maji stejné vnimani jako my. Jakmile
budete mit konkrétni model multivesmiru, a model Pekla s ¢erty nestaci ?? muzete zjistit,
které jsou pravdépodobné;jsi. Jako, muzete porovnat jejich pocty, a pokud vas model
piedpovida, obcas predpovida ,,model i ¢erta se tfemi rohy...Ze pfevazné pozorovatelé jsou
Boltzmannovy mozky, ze model je, fekl bych, pozorovanim vylou¢en. Mozna to nevylucuji
pozorovani, ale myslim si, ze tento model je nevyhovujici. !'! Existuje vSak kritérium, které
muzete zjistit, a existuje nékolik modela multivesmiru, které spliuji kritérium — ze obycejni
pozorovatelé dominuji nad Boltzmannovymi mozky. Nemyslim si tedy, Ze je to
nepiekonatelny problém. Je to jen podminka, kterou je potieba splnit. V jednom z nasich
piedchozich dila jsme diskutovali o navrhu Hartle a Hawkinga bez hranic. Jak se tyto navrhy
od sebe 1isi? Tyto dva navrhy jsou v duchu podobné, ale matematicky jsou ponékud odlisné.
A piedpovidané pocate¢ni podminky pro vesmir jsou také ponékud odlisné.

je predpoved’, ze se vesmir jevi jako naplnény vakuem s velmi vysokou energii
0.K. Kazdy kiivy stav tii plus tfi dimenzi je uz stavem hmoty a tedy 1 energie...Kfiveni
dimenzi je podstata zjeveni se hmoty...a ve vaku se uz nikdo nedivi Ze ,,vladne péna téch
dimenzi“ a chova se v chaotickém stavu jako plazma a zpoc¢atku mé velmi malou velikost.
Protoze tyto véci spolu souvisi: Vysokoenergetické vakuum odpovida malé velikosti vesmiru.
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podob Casoprostoru s hmotou ( pole, hvézdy, galaxie, ) tu energetické (nizkoenergetické)
vakuum nemizi, je tu 13,8 miliard let po celou historii, je tu vS§ude kolem kazdého z nés ( na
planckovskych skalach ) Hartle-Hawkingav navrh naopak tika, ze vesmir by se mél jevit jako
naplnény vakuem s velmi nizkou energii a mé&l by mit velmi velkou velikost..?!..? Cim vétsi je
pocatecni velikost, tim je pravdépodobngéjsi. Povazuji to za ponékud kontraintuitivni, ale na
druhou stranu véci s kvantovou gravitaci nemusi byt intuitivni. Zatimco inflace je hlavnim
proudem kosmologt, ma sve kritiky. A jednim z nejvyraznéjsich z nich je Neil Turok. On a
jeho kolegové si nedavno vzali na musku navrh Vilenkinova tunelovani z ni¢eho. Tvrdili, Ze
tato veéc nefunguje O.K. a v podstaté, kdyz se podivate na jiné castice, kromé gravitace a
tohoto pole, které je zodpovédné za inflaci, jsou tam obrovské nestability. Ze

tyto castice vznikaji vznikaji balickovanim dimenzi Casoprostorovych v obrovském
mnozstvi a— Takze model predpovida rizné katastrofy, které nepozorujeme, ze se déji. A
tvrdili, Ze to plati jak pro mdj navrh tunelovani z ni¢eho, tak pro myslenky Hartlea a
Hawkinga, které byly v podobném duchu. TakZe nyni byl [podnét k piehodnoceni téchtd

a ve skutecnosti jsem napsal clanek s Masaki Yamadou zde v Tufts, kde
ukazujeme, Ze tyto veci se ve skute¢nosti ned&ji. To vSak vyzadovalo lepsi porozuméni
matematice modelu a — Citili jsme tedy, Ze jsme udélali urcity pokrok. V roce 2003 Arvind
Borde, Alan Guth a Alex Vilenkin publikovali teorém, ¢asto znamy jako BGV teorém, ktery
naznacuje, Ze inflace musi mit za¢atek. Inflace ,,ceho® musi mit zacatek ??? ,,co* vybuchne



http://www.hypothesis-of-universe.com/docs/eng/eng_009.pdf

inflaci ? = je to inflace veli¢iny ,,DELKA* a veli¢ina ,,CAS* ( které maji kazd4 3 dimenze ).
Tyto mohou inflantovat a hmotné elementy se v 3+3D pouze sekundarné nesou Znamena to
ale, ze vesmir jako celek mél pocatek? O.K. ,,Nas“ Vesmir mél pocatek zahajeni geneze zmén
v tom Ttesku ( zahdjeni toku ¢asu, zahajeni rozbalovani prostoru, vzniku hmoty atd. ) a

z logiky vasi véty plyne, Ze tu je-existuje jeste ,,cizi Vesmir a...a z n€ho se skokem nystane
,,nas* Vesmir Véta dokazuje, ze inflace musi mit zacatek, ze? Vesmir jako celek — Netika —
Véta to netika. Rika se, Ze expanze vesmiru musi mit zadatek, ze? Do jisté miry to ale otevira
dvefe alternativam. Jednou z alternativ, ktera by obesla BGV teorém, je vesmir, ktery se pied
rozpinanim smrstil. Zatimco mnoho kosmologt, s nimiz jsme hovofili, povazuje tuto moznost
za prijatelnou, Alex Vilenkin ma opacny nazor. Pfisné vzato teorém umoziiuje vesmir, ktery
se napriklad smrstuje z nekone¢né velikosti, coz je vyklad ,,;nas“ o tom kdy se z nekonecné
velikého vesmiru 3+3 dimenzionalniho pted Treskem (plochého bez hmoty, bez poli bez toku
plynuti ¢asu, bez kiivosti dimenzi ) zrodil skokovym smrs§ténim = extrémnim zkfivenim vSech
dimenzi do PoTieskové pény viicich dimeni = plazmy coby kone¢né velikosti a pak se odrazi
a znovu se roztahne. To— To vylucuje model vécné inflace do minulosti. Otazka, na kterou
teorém jasné odpovida, je, ze inflace mize byt vé¢na do budoucnosti, ale nemuze byt vééna
do minulosti. Mohou nastat problémy se smr§tujicimi se vesmiry, protoze smrst'ujici se
vesmiry jsou v zasadé vysoce nestabilni. Pokud méte, napiiklad — Vite, galaxie je tvoiena
gravita¢ni nestabilitou. Mate malou nadmérnou hustotu a pfitahujete hmotu a ta roste. V
plochém prostoru roste rychleji nez rozpinajici se vesmir. Dokonce to mohlo byt tak, ze

k prudkému rozpinani plazmy mohlo dojit soubézn ¢ s, prudkou” dynamikou
sbalovavani dimenzi jenZ nese mensi objemy s hustSim prostfedim. Oboji prbiha soubéZné :
rozpinani Cp i1 sbalovani ¢p ( do kvarki, leptonti, bosonii..; dale do atomti, molekul a soucenin
) KdyZ se vesmir rozpina, zpomaluje vSechny tyto nestability. ?? pro¢ Ale ve smrst'ujicich se
vesmirech roste katastrofalné. Takze pokud mate v tomto smrstujicim se vesmiru néjaké
nehomogenity, vymknou se vam z rukou. Pokud se vdm napiiklad tvoti bubliny, vSechny tyto
bubliny misto toho, aby byly odhanény od sebe, byly by hnany k sobg.

(08)- So, the whole thing will [be] filled up with bubbles and inflation will end. But strictly
speaking, it is allowed. One of the great mysteries of Cosmology is why did the Big Bang
have such a low entropy condition? Entropy is an extensive quantity, it's proportional to the
volume. And the very small universe will necessarily have a very low entropy. But also it is
filled with vacuum, and that is also the lowest entropy that you can have, is the vacuum.
While Alex Vilenkin's picture of multiple Big Bangs is a radical one many of his critics
propose a cyclic model instead, which also has many Big Bangs. It seems there are very few,
if any cosmologists, proposing the standard picture of a single Big Bang. If you call standard
what is called the Standard Big Bang Cosmology, which was the hot Big Bang. You start with
a very hot, dense universe which begins at [the] singularity. So that picture I don't think
anybody believes. In eternal inflation, there is thought to be an infinite number of infinitely
large bubble universes. But some have said that infinity cannot exist in the real world. These
bubble universes that form in the course of eternal inflation— These bubble universes, kind of,
if you look at them from outside, they're spherical bubbles which expand. So, at any given
time they are finite, but they grow indefinitely to arbitrary large size. But then if you look at
them from the inside, if you're an inhabitant of these universes, the geometry of them is very
interesting. Because in the interior these bubbles are infinite spaces of negative curvature.
So— How an infinite space can fit into finite space? This is because the finite, inflating total
universe grows exponentially, becomes exponentially large, and kind of infinity of space and
time mix together in an interesting way. So, it's hard to explain in words. But my point is that
these bubble universes are infinite from inside, and this is a mathematical fact. You could say,



ok, maybe this— The entire space of the bubble is not in existence at any finite moment. But I
don't think that you can really, meaningfully make claims like that, simply because in these
inflating universes different points in the space-time are not causally related. So, whether or
not the universe is infinite at this moment of time— You have to define what you call time,
and there is no unique definition, because, you know, you cannot synchronize clocks in [an]
eternal inflating universe. Georg Cantor developed a theory of infinite sets, and he defined
sets of different level of infinities, so you can have like one infinity bigger than another
infinity. Mathematicians, at least some of them— Some well-known ones, deal with infinities
without fear. Until a way to experimentally test the tunneling from nothing proposal is found
we may never know if it's right or wrong. But the fact there are still papers being published
about it, more than 30 years after it was proposed, shows this idea has much stayed in power.
So where do we go from here? With the tunneling from nothing, I think now we seem to have
entered a very stimulating period stirred by these papers by Turok and Lehners. | work with
My collaborators here, and Hartlel and his collaborators also Kinda were spirits to activity,
So, at least there were some issues [with] the mathematical formulation of these proposals
which required clarification. And I think we are working on that now. | like the results that we
get. We think that we clarified a great deal about how [the] mathematics of the proposal
works. It would be good to have progress in Quantum Gravity. That, you know— That would
provide another stimulus for the field. As for Early Universe Cosmology, there are many
things that one should be looking for, including dark matter, and— There are some anomalies
seen in the Cosmic Microwave Background which kind of call for for an explanation. They
may be just flukes but they look suspiciously, kind of, persistent So it will be good to explain
those. And maybe | could add one of my other favorite subjects, which is cosmic strings. It's,
you know, the— Progress in Early Universe Cosmology is closely related to progress in
Elementary Particle Physics at high energies. We are coming to a point where building bigger
and bigger accelerators becomes problematic. Because already we have an accelerator, which
is 30 kilometers in size. How much bigger can you get? So, it would be good to find some
other ways to investigate high-energy physics. One of the ideas is that in the early universe, of
course, at early times tremendous energies were reached, tremendous temperatures, and the
idea is that as the universe cools down from this extremely high temperature, it can go
through a series of phase transitions, and as a result of these phase transitions, it defects, like
cosmic strings or monopoles.

(08)- Takze cela véc bude naplnéna bublinami a inflace skon¢i. Ale ptisné vzato je to
povoleno. Jednou z velkych zéhad kosmologie je, pro¢ mél Velky tresk tak nizkou entropii?
http://www.hypothesis-of-universe.com/docs/c/c_088.jpg Vakuova péna chaoticky viicich
dimenzi bude asi tim nejuspotadanéj$im stavem hmoty, tedy s nejniZsi entropii (?) Entropie je
extenzivni veli¢ina, je tmérné objemu. A velmi maly vesmir bude mit nutné velmi nizkou
entropii. Ale také je napInén vakuem, a to je také nejnizsi entropie, kterou muzete mit, je
vakuum. Zatimco obraz Alexe Vilenkina o nékolika velkych tiescich je radikalni, mnozi jeho
kritici misto toho navrhuji cyklicky model, ktery méa take mnoho velkych tieskt. Zda se, ze
existuje jen velmi mélo, pokud vibec néjaci kosmologové, kteti navrhuji standardni obrazek
jediného velkeho tiesku. To snad néé... Pokud nazyvate standardni to, cemu se fika
standardni kosmologie velkého tiesku, coz byl horky velky tresk. Za¢inate s velmi horkym,
hustym vesmirem, ktery zacina v [] singularité. Takze tomu obrazku si myslim, ze nikdo
neveri. Kdyz ja zacinal s HDV, tj. s vizi, ze ,,nas“ vesmir zacal skokovou udalosti zmény
stavu piedeslého ( pied big-bangem ) na stav nasledny extrémeé kiivych dimenzi ¢asoprostoru
po tiesku, tak védci jesté verili v tu singularitu Ve véené inflaci se predpoklada, ze existuje
nekone¢ny pocet nekone¢né velkych bublinovych vesmira. Ale nékteti fikali, Ze nekone¢no
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nemize ve skuteéném svété existovat. Tyto bublinové vesmiry, které se tvoti v prabéhu vécné
inflace — Tyto bublinové vesmiry, pokud se na né podivate zven¢i, je to pohadka jsou to
kulové bubliny, které se rozpinaji. TakZe v kazdém daném okamziku jsou konecné, ale
neomezeng rostou do libovolné velké velikosti. Ale kdyz se na n¢ podivate zevnitf, je to
pohadka pokud jste obyvatelem téchto vesmird, jejich geometrie je velmi zajimava. Protoze v
interiéru jsou tyto bubliny nekone¢né prostory negativniho zakiiveni. Takze— Jak se
nekone¢ny prostor muaze vejit do prostoru kone¢ného? Je tu vidét, ze myslena ! védct je zcela
na jiném sméru tvorby. Je vidét Ze a¢ nekteré cetli HDV, tak je tato mySlenka viibec
,hepostihla®..nenavedla na nové mysleni Je to proto, Ze kone¢ny, nafukujici se celkovy
vesmir roste exponencialng, stdva se exponenciélné velkym a jakasi nekonecnost prostoru a
¢asu se zajimavym zpusobem misi. Takze je to tézké vysvétlit slovy. Ale jde mi o to, Ze tyto
bublinové vesmiry jsou zevniti nekone¢né, a to je matematicky fakt. Dalo by se fici, dobte,
mozna toto — Cely prostor bubliny v zddném kone¢ném okamziku neexistuje. Nemyslim si
vsak, ze muzete skute¢né a smysluplné tvrdit takova tvrzeni, je to pohadka jednoduse proto,
ze v téchto nafukujicich se vesmirech ruzné body v ¢asoprostoru spolu kauzalné nesouvisi.
Takze, zda je vesmir v tomto ¢asovém okamziku nekone¢ny nebo ne, musite definovat to, co
nazyvate ¢asem, ano, ja definoval pfesné, viz HDV a neexistuje zadna jedine¢na definice,
protoZe, vite, nemizete synchronizovat hodiny ve [] vééném nafukujicim se vesmiru. Cas
nejsou hodiny...Cas je fenomén-veli¢ina ktera ,,ma = se prezentuje” také tfemi dimenzemi
jako veli¢ina Délka se ttemi dimenzemi, fikdme tomu prostor ( u casu bychom mohli fikat
»casor ) A teprve az ,,po této Casové dimenzi* kdyz se pohybuje téleso, hmotné, tak téleso
,»ha ¢asové dimenzi‘ ukrajuje intervaly s tak sled téchto intervalil je na§ vém casu, vjem
naseho plynuti ¢asu. Takze ¢as sam o sob¢ neplyne, ¢as neplyne nam, ale my-objekty
plyneme ,,po ném®. Georg Cantor vyvinul teorii nekone¢nych mnozin a definoval mnoziny
raznych drovni nekoneé¢na, takze muzete mit jako jedno nekonec¢no vétsi nez jiné nekonec¢no.
Matematici, alespon néktefi z nich — Nékteti zndmi se zabyvaji nekone¢ny beze strachu.
Dokud nebude nalezen zpisob, jak experimentalné otestovat navrh tunelovani z ni¢eho,
mozna nikdy nebudeme védét, zda je to spravné nebo Spatné. Ale skutecnost, Ze o ni stale
vychazeji ¢lanky, vice nez 30 let poté, co byla navrzena, ukazuje, ze tato mySlenka zustala u
moci. 30 let mame radi pohadku Cert a K4¢a, a tak se udrZela, protZe je to krasna pohadka, no
née ?? Tak kam odsud pujdeme? S tunelovanim z ni¢eho se nyni zda, ze jsme vstoupili do
velmi podnétného obdobi, které vyvolaly tyto ¢lanky Turoka a Lehnerse.
https://www.aei.mpqg.de/43381/homepage-of-jean-luc-lehners Vidim na webu ,,kolik* toho
musi ¢lovek napsat, aby vibec o ném nékdo ve svété veédél a toto jméno znal... Pracuji zde se
svymi spolupracovniky a Hartlel a jeho spolupracovnici byli také trochu duchy k aktivité,
takze alesponi byly n&jaké problémy [s] matematickou formulaci téchto navrhu, které
vyZzadovaly objasnéni. A myslim, Ze na tom ted’ pracujeme. Libi se mi vysledky, kterych jsme
dosahli. Myslime si, Ze jsme si hodné vyjasnili, jak funguje matematika do navrhu. To je mi
smutno, kdyZz ja pro HDV neumim postavit matematiku. Jednou ji ochotni lidé postavi.
Zajimaveé z historie je, ze matematiku psali géniové a pak ji fyzici ,,zadarmot pouzili, tj. byla
pro jejich vize ptipravena, a jindy zase fyzici neméli k vizim matematiku a tak si ji museli
dodatecné pro vize vymyslet Bylo by dobré mit pokrok v kvantové gravitaci.Proc¢ chcete
gravitaci , kvantovat® ? opravdu ten divod mi feknéte To, vite — to by poskytlo dalsi podnét
pro pole. Pro¢ je pole jednou hladké a jednou kvantované ? ,,co* kvantujete v poli ? | pole je
Casoprostor ktery je hladky — malo kiivy z pohledu globalniho Pozorovatele, a je to pole
zrnité (viici ) z pohledu Pozorovatele v mikrosvété. Co se tyce kosmologie raného vesmiru,
existuje mnoho véci, které by ¢lovek mél hledat, véetné temné hmoty, a — v pozadi kosmické
mikrovinky jsou vidét nékteré anomalie, které si zadaji vysvétleni. Mohou to byt jen nahody,
ale vypadaji podeziele, tak n¢jak, vytrvale, takze bude dobré je vysvétlit. A mozna bych
piidal jeden z mych dalSich oblibenych predméti, kterym jsou kosmické struny. Je to, vite, —
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Pokrok v kosmologii raného vesmiru Uzce souvisi s pokrokem ve fyzice elementarnich ¢astic
pii vysokych energiich. Dostdvdme se do bodu, kdy se budovani vétsich a vétsich
akceleratoru stava problematickym. Protoze uz mame urychlovac, ktery je velky 30
kilometra. O kolik vétsi se da dostat? Bylo by tedy dobré najit néjaké dalsi zptsoby, jak
zkoumat fyziku vysokych energii. Jednou z myslenek je, ze v raném vesmiru se samoziejmeé v
ranych dobach dosahovalo ohromnych energii, ohromnych teplot, a myslenka je, ze kdyz se
vesmir ochlazuje z této extrémneé vysoké teploty, muze prochazet fadou fazovych piechodu. a
v dasledku téchto fazovych piechodt dochazi k defektam, jako jsou kosmické struny nebo
monopoly. Pohadky

(09)- Other main walls can form. And cosmic strings appear to be the most interesting of
these defects. They are kind of lines of concentrated energy, and they can produce a variety of
observational effects. Observers are well aware of the possibility of cosmic strings existing,
For example, they can produce gravitational waves and some electromagnetic phenomena. So,
if cosmic strings are discovered we are going to learn a great deal about high-energy physics
that we cannot learn— At energies that we cannot even hope to get an accelerators. As
astronomers look out into the cosmos, One can only hope that new phenomenon like cosmic
strings, or primordial gravitational waves might be discovered. If they are they may be the
keys that could unlock the mystery of our cosmic origin. English subtitles by: SpanishSubs

(09)- Mohou se vytvorit dalsi hlavni stény. A kosmické struny se jevi jako nejzajimavéjsi z
téchto defektd. Jsou to jakeési ¢ary koncentrované energie a mohou vytvaret raizné pozorovaci
efekty. A Certi ... jsou to jakési kozy natfené na cerveno Pozorovatelé jsou si dobie védomi
moznosti existence kosmickych strun, ale dodnes si nejsou védomi MOZNOSTI
EXISTENCE kiiveni, tj. balickovani dimenzi dvou veli¢in mohou napiiklad produkovat
gravita¢ni viny a nékteré elektromagnetické jevy. Takze pokud budou objeveny kosmické
struny, dozvime se toho o fyzice vysokych energii hodné, co se nemuzeme naucit — o
energiich, o kterych nemizeme ani doufat, ze ziskdme urychlovacée. Kdyz astronomové
pozoruji vesmir, mizeme jen doufat, ze by mohl byt objeven novy fenomén, jako jsou
kosmickeé struny nebo prvotni gravitacni viny. Pokud ano, mohou to byt klice, které by mohly
odemknout tajemstvi naseho kosmického puvodu. Anglickeé titulky od: SpanishSubs.
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