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(01)- 1In 1823, German astronomer Heinrich Olbers looked up at the night sky and saw
darkness. He wondered, if the universe were infinite and eternally static, surely the night sky
should shine with the light of infinite stars - a dazzling brilliant sky. Olbers’ paradox was so
compelling that many considered it proof of a finite universe, a cosmos that at some point
simply ends. It wasn’t until a century later, when Edwin Hubble observationally established
the reality of an expanding universe, that Olber’s paradox was firmly solved - Olber’s second
assumption was wrong, the universe is not static. But what does modern astronomy have to
say about the size of the universe though? Is it finite and if so does that meanthere’s an edge?
Or, could be infinite? An endless ocean of space, with challenging philosophical
consequences if so. How big is the universe? It’s the sort of question that a child often asks
when they first encounter the concept of space, and yet, it is one which continues to perplex
and haunt astronomers. It’s often said that studying the cosmos is a humbling experience, for
whilst early thinking considered the Earth Sun and Moon to be the de-facto universe, our
modern understanding establishes one that it is unimaginably larger. At each stage in
science’s journey of revelation, humanity has had to swallow another great demotion, quietly
ushered down to an ever lower seat in the great cosmic hierarchy. These demotions began
with in the 16th century with Copernicus and Kepler, challenging the geocentric view of their
time and revealing that Earth is just another planet. Next, in 1838, Freidrich Bessel pioneered
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the parallax method to measure the distance to the star 61 Cygni - a staggering distance of
more than 10 light years, or approximately 100 trillion km. In 1920, famed astronomers
Harlow Shapley and Heber Curtis debated at the Smithsonian Museum of Natural History as
to whether distant nebulae were small clouds on the outset of our galaxy or entirely separate
galaxies far further away. Soon after Edwin Hubble established that Curtis was right by
proving that Andromeda was in fact far outside of the Milky Way galaxy, at a distance of 2.5
million light years. Equipped with far superior telescopes, modern astronomy has pushed our
observations to distances unimaginable even to these pioneering astronomers. For example,
look at this image. It is one of the most incredible photos ever taken. You are looking at the
most distant galaxy ever observed, GN-z11. This galaxy is so far away, that the light forming
this image left it 13.4 billion years ago. A photographic time machine. The Universe itself
was just a few hundred million years old at this time, and so GN-z11 is a glimpse at what the
first galaxies to ever form looked like. If we could see GN-z11 as it is now, it would probably
be unrecognizable, and in fact likely have merged with other galaxies along the way. GN-z11
is estimated to be 32 billion light years away from Earth. At first, this seems impossible, if the
light left 13.4 billion years ago, surely it’s 13.4 billion light years away. But that’s again falls
into Olber’s fallacy, the universe is not static. In fact, GN-z11 has been hurtling away from us
ever since the light from this image left, or more accurately | should say space has been
expanding, and so a correct calculation of its current distance needs to account for that fact.
Obijects like GN-z11 can thus be thought of as establishing a minimum size of the Universe.
But, given that it’s 13.4 billion years old, and the Universe is 13.8 billion years old, then
surely it should be possible to image an object that’s even older and thus further away and that
would extend this minimum size yet more. It’s at this point it’s useful to talk about two
distinct concepts. The visible universe and the observable universe. Neither of these really
have anything to do with telescope capabilities but rather true limits dictated by spacetime.
The observable universe would be the distance to an object that was present at the very dawn
of the universe itself and whose light was now just reaching us. Of course the universe didn’t
have any stars or galaxies at the very beginning so there are no objects to detect. Nevertheless,
based on the expansion rate of the universe, as measured using telescopes like ESA’ Planck
mission, we estimate that this distance would be 45 billion light years away. If something was
further away than this, there simply wouldn’t have been enough time yet in the universe for
it’s light to reach us. We often say such objects lie beyond our horizon, like a ship that has
dipped below the ocean’s horizon. There’s simply no way to see them whether they exist or
not. In fact, the horizon of the observable universe has a special name - the particle horizon.
The visible universe is actually subtly different from this. For the first few hundred thousand
years after the Big Bang,

(01)- V roce 1823 se némecky astronom Heinrich Olbers podival na no¢ni oblohu a uvidél
tmu. Uvazoval, jestli je vesmir nekonecny a vécné staticky, urcité by no¢ni obloha méla zafit
svétlem nekonecnych hvézd — oslniveé zariva obloha. Olbersiiv paradox byl tak presvédcivy,
Ze jej mnozi povazovali za dikaz kone¢ného vesmiru, kosmu, ktery v ur¢itém okamziku
jednoduse konci. AZ o stoleti pozdéji, kdy Edwin Hubble pozorovanim zjistil realitu
rozpinajiciho se vesmiru, byl Olbertiv paradox pevné vyfeSen — Olbertuv druhy predpoklad byl
Spatny, vesmir neni staticky. Co vSak moderni astronomie fika o velikosti vesmiru? Je to
konecné a pokud ano, znamena to, ze existuje hrana? Nebo muizZe byt nekone¢ny? Nekonecny



ocean vesmiru, s naro¢nymi filozofickymi disledky, pokud ano. Jak velky je vesmir? Je to
druh otazky, kterou si dité casto klade, kdyz se poprvé setka s pojmem vesmir, a piesto je to
otazka, ktera astronomy stale mate a strasi. Casto se ika, Ze studium vesmiru je pokofujici
zkusenost, protoze zatimco rané mysleni povazovalo Zemi, Slunce a Mésic za de-facto
vesmir, nase moderni chapani zaklada ten, ze je neptedstavitelné vétsi. V kazdé fazi cesty
védy za odhalenim muselo lidstvo spolknout dalsi velkou degradaci, tiSe vrzenou dold na stale
nizsi misto ve velké kosmické hierarchii. Tyto demolice zacaly v 16. stoleti Kopernikem a
Keplerem, zpochybnily geocentricky pohled na jejich dobu a odhalily, Ze Zem¢ je jen dalsi
planeta. Dale, v roce 1838, Freidrich Bessel propagoval metodu paralaxy k méteni vzdalenosti
ke hvézdé 61 Cygni - ohromujici vzdalenost vice nez 10 svételnych let, tedy ptiblizné¢ 100
bilionti km. V roce 1920 slavni astronomové Harlow Shapley a Heber Curtis diskutovali v
Smithsonian Museum of Natural History o tom, zda vzdalené mlhoviny jsou mal& oblaka na
pocatku nasi galaxie, nebo jsou zcela odd€lené galaxie daleko vzdalengjsi. Brzy poté, co
Edwin Hubble zjistil, Ze Curtis mél pravdu, kdyZ dokazal, Ze Andromeda byla ve skutecnosti
daleko mimo galaxii M1é¢né dréha, ve vzdalenosti 2,5 milionu svételnych let. Moderni
astronomie, vybavena daleko lepsimi dalekohledy, posunula nase pozorovani do vzdalenosti
nepiedstavitelnych ani pro tyto prikopnické astronomy. Podivejte se naptiklad na tento
obrazek. Je to jedna z nejneuvéfitelngjsich fotografii, jaké byly kdy pofizeny. Divate se na
nejvzdalend)$i galaxii, kterd byla kdy pozorovana, GN-z11. Tato galaxie je tak daleko, Ze
svétlo tvorici tento snimek ji opustilo pfed 13,4 miliardami let. Fotograficky stroj casu.
Samotny vesmir byl v této dobé& jen n€kolik set miliont let stary, a tak GN-z11 je letmym
pohledem na to, jak vypadaly prvni galaxie, které se kdy vytvofily. Pokud bychom vidéli GN-
z11 tak, jak je nyni, bylo by pravdépodobné k nepoznani a ve skutec¢nosti by se cestou
pravdépodobné sloucilo s jinymi galaxiemi. Odhaduje se, Zze GN-z11 je od Zem¢ vzdalena 32
miliard svételnych let. Zpocatku se to zda nemozné, pokud svétlo odeslo pied 13,4 miliardami
let, jisté je to 13,4 miliard svételnych let daleko. Ale to opét spada do Olberova omylu, vesmir
neni staticky. Ve skute¢nosti se GN-z11 od nas fiti pry¢ od té doby, co svétlo z tohoto snimku
opustilo, nebo presné&ji bych mél fici, Ze se prostor rozpina, a tak [spravny vypocet ieho
soucasné vzdalenosti musi tuto skute¢nost zohlednit. jako GN-z11 Ize tedy
povazZovat za stanovujici minimalni velikost vesmiru. Ale vzhledem k tomu, Ze e stary
13,4 miliardy let a je stary 13,8 miliardy let, pak by jist& m&lo byt mozné zobrazit
objekt, ktery je jesté starsi a tedy vzdalené;si, a ktery by tuto minimalni velikost jesté
prodlouzil. V tuto chvili je uziteéné mluvit o dvou odlinych pojmech. Viditelny vesmir a

pozorovatelny vesmir. Ani jeden z nich nema nic spole¢ného se schopnostmi
dalekohledu, ale spise skute¢nymi limity diktovanymi ¢asoprostorem. Pozorovatelny vesmir
by byla vzdalenost k objektu, ktery byl pfitomen na samém usvitu samotného vesmiru a jehoz
svétlo k nam praveé dolétalo. Vesmir samoziejmé na samém zacatku nemél zadné hvézdy ani
galaxie, takze neexistuji zadné objekty, které by bylo mozné detekovat. Nicméné na zéklade
Irychlosti rozpinani vesmiru, ????? Rychlost kvasaru ( na hran¢ pozorovatelnosti)

meéfite ,,jak™ ? pomoci dalekohledi, jako je mise ESA Planck, , Ze tato
y byla 45 miliard svételnych let daleko. Pokud by bylo néco déle nez toto,
jednoduse by ve vesmiru jesté nebylo dost ¢asu, aby k nam svétlo dorazilo. Zrekapitulujeme:
vzdalenost kvasaru odhadujete a...a rychlost rozpinani vesmiru méfite!!! Casto fikame, Ze
takové objekty lezi za nasim horizontem, jako lod’, ktera se ponofila pod horizont oceanu.
JednodusSe neexistuje zpiisob, jak je vidét, zda existuji nebo ne. Ve skute¢nosti ma horizont




pozorovatelného vesmiru zvlastni jméno — horizont ¢astic. Viditelny vesmir se od toho ve
skute¢nosti jemné 1i8i. Prvnich nékolik set tisic let po Velkém tiesku

(02)- the universe was so hot it was an ionized plasma which essentially acted like a thick
fog. Light couldn’t traverse the universe without interacting with one of these ions. It’s only
when the universe cooled enough for atoms to form, clearing the fog away in an epoch known
as re-ionization, that light can freely travel. So the visible universe is a little bit smaller than
than observable one, by about a billion light years. This is a truly mind bogglingly big
number, no words or analogies really do justice to just how preposterously large the universe
is. But it could be even bigger? Take the observable universe, corresponding to a distance 45
billion light years away. Usually, at this point, video like this take that number and double it
and call it the diameter of the observable universe. We have to be a little careful about that
because what if we see another GN-z11 over in the opposite direction, not a galaxy similar to
GN-z11 but the actual GN-z11. For example, if the universe has a positive curvature like a
sphere, then it’s quite possible we would see the same galaxies and patterns in different
directions. If that were true, doubling this distance wouldn’t correspond to the diameter but
something more like the circumference of the universe. These repeating patterns seem to offer
a possible way, then, for the universe to be smaller than we might naively have guessed. To
answer this, let’s return that moment of re-ionization in the early universe. This is the oldest
light we can observe and it comes from all directions, after all the entire universe was filled
with this ionized plasma. The light is known as the cosmic microwave background, or CMB,
and it encodes the temperature of the universe at this time. Any patch of the CMB more than 2
degrees away from another patch is too far away to have had time for light to travel between
them, at least given the age of the universe at the time, just 380,000 years. So, if we see a
particular pattern or ripple repeated in the CMB but separated by several degrees or more, that
could reveal the universe wraps around itself - implying a smaller universe. Detailed studies
of the CMB reveal no such repeating structures though. The lack of such structure can be used
to put lower limits on the size of the universe, but not surprisingly these limits essentially
correspond to the approximately size of the observable universe. So the full universe really
does appear to be at least as large as the observable part. Now let’s suppose someone lives in
the galaxy GN-z11, they would be able to look back along that line of sight and see the proto
Milky Way, as a faint distant galaxy too. But what if they looked in the opposite direction?
Would they see an edge or some kind of physical boundary? Whilst we cannot truly know
what they might see, a basic assumption in astronomy is the so-called cosmological principle,
which states that we do not live in a special part of the universe. So what we see is typical and
by extension what GN-z11 inhabitants see is likely not much different from us, at least on the
largest of scales. The cosmological principle does not rigorously prove anything about the
size of the universe, but rather forms a logical argument. By it, inhabitants at the edge of the
observable universe should themselves be able to see another entire observable universe
around them. Filling out across the edges, this would give us a volume 180 billion light years
across. We have to tread carefully here though, because the size of the universe could still be
smaller than this if it somehow wraps around itself. Consider in this direction at the edge of
our observable universe we have Alice. Alice looks out in that same direction and can see at
the very edge of her observable universe someone else, let’s call him Carlos. Now let’s go
back to Earth and look in the opposite direction. Over at the particle horizon here we see Bob.



As before, Bob looks out in the same direction and sees someone else, just like Alice did.
However, Bob is in fact looking at Carlos again. To each individual observer, there is no
repetition, but Alice and Bob are in fact both able to see the same person, Carlos. And since
Alice and Bob live far beyond each other’s particles horizons, there’s no way they can
communicate this to each other. No-one is able to tell that the universe repeats and thus are
left non the wiser. So we can’t really use the cosmological principle to argue for a much
larger size to the universe, all we can say is that we don’t see repetition within our horizon
and thus the universe must be at least 2 x 45 billion light years in extent, or 90 billion light
years. Repeating patterns are not the only way to place limits on size though, already I’ve
mentioned the concept of curvature and here perhaps we might finally have a clue unto it’s
true size.

(02)- vesmir byl tak horky, Ze to byla ionizovana plazma, ktera v podstaté fungovala jako
Svétlo by nemohlo prochazet vesmirem bez interakce s jednim z té€chto iontfl.
atomy a odstranily mlhu v epose znamé jako reionizace. Viditelny vesmir je tedy o néco
mensi nez ten pozorovatelny, asi o miliardu svételnych let. A také viditelny vesmir je o
néco mladsi nez pozorovatelny Toto je skutecné ohromné velké ¢islo, Zadna slova ani
analogie ve skutecnosti neodpovidaji tomu, jak absurdné¢ velky vesmir je. Ale mohl by byt
jesté vetsi? Vezméte si pozorovatelny vesmir, ktery odpovida vzdalenosti 45 miliard
svételnych let daleko. Obvykle v tomto okamziku video jako toto vezme toto Cislo a
zdvojnasobi ho a nazve ho pramér pozorovatelného vesmiru. Na to musime byt trochu
opatrni, protoze co kdyz uvidime dal§i GN-z11 v opa¢ném sméru, ne galaxii podobnou GN-
z11, ale skute¢nou GN-z11. Pokud ma napiiklad ladné zakiiveni jako koule,
nefikejte >vesmir<, ale fikejte >Casoprostor<. Tady se autor blizi mé vizi, ze vesmir =
casoprostor se rozbaluje. Byl po BB extrémné¢ zakiiveny a pii ,,starnuti* se rozbaluji asové
dimenze,..., dojdeme pak na soucasné stafi 13,8 miliard let a vesmir je uz téméf plochy.
Dokonce mozna i ,,namé&fené* stati 13,8 neni pravdivé, protoze ho méfime, respektive
vyhodnocujeme udaje $patné = za ,viditelnym vesmirem[* jesté ¢asoprostor pokracuje ve
struktuie vice a vice kiivého stavu dimenzi a dojdeme tak k jinému staii ,Jpozorovatelného)
“, 14,24 miliard let. K tomuto ¢islu jsem dospél uz pied 35 lety, kdy bylo stafi
stanoveno jesté v rozmezi 10-20 miliard let. 14,24 miliard let jsem zjistil. Ale dalSich 10 let
jsem nenasel dikaz ,,proc to tak je* ; proto jsem hledani divodu opustil. Pak je docela
mozné, ze bychom vidéli stejné galaxie a vzory v riznych smérech. Pokud by to byla pravda,
zdvojnasobeni této vzdalenosti by neodpovidalo priméru, ale né¢emu spise jako obvod
vesmiru. Zda se, Ze tyto opakujici se vzorce nabizeji mozny zpiisob, jak byt vesmir mensi, nez
jsme mohli naivné tusit. Abychom na to odpovéedéli, vratme se k okamziku reionizace v
raném vesmiru. Toto je nejstarsi svétlo, které miizeme pozorovat, a ptichazi ze vsech smért,
koneckonct cely vesmir byl naplnén timto ionizovanym plazmatem. Svétlo je zndmé jako
kosmické mikrovinné pozadi nebo CMB a kdduje teplotu vesmiru v tomto okamziku. Jakékoli
oblast CMB vzdalena vice nezZ 2 stupné od jiné oblasti je pfili§ daleko na to, aby mezi nimi
m¢élo Cas proletét svétlo, alespon vzhledem k tehdejSimu stafi vesmiru, pouhych 380 000 let.
Pokud tedy vidime urcity vzor nebo vinéni opakujici se v CMB, ale oddélené o né€kolik
stupiiti nebo vice, mohlo by to odhalit, Ze se vesmir obklopuje kolem sebe — coZ naznacuje
mensi vesmir. Podrobné studie CMB vsak neodhalily zadné takové opakujici se struktury.




Absence takové struktury miize byt pouzita ke stanoveni nizsich limita velikosti vesmiru, ale
neni piekvapenim, Ze tyto limity v podstaté odpovidaji pfiblizn€ velikosti pozorovatelného
vesmiru. Cely vesmir se tedy skute¢né zda byt pfinejmensim tak velky jako pozorovatelna
¢ast. Nyni piedpokladejme, ze nékdo zije v galaxii GN-z11, mohl by se po této linii podivat
zpét a vidét proto Mlécnou drahu jako slabou vzdéalenou galaxii. Ale co kdyz se podivali
opa¢nym smérem? Vid¢€li By okraj nebo né&jakou fyzickou hranici? I kdyz nemizeme skute¢né
védet, co by mohli vidét, zakladnim v astronomii je takzvany kosmologicky
princip, ktery fika, ze nezijeme ve zvlastni ¢asti vesmiru. TakZe to, co vidime, je typické a v
rozsifeni to, co obyvatel¢ GN-z11 vidi, se od nas pravdépodobné ptilis nelisi, alesponl v tom
nejvetsSim métitku. Kosmologicky princip disledné nedokazuje nic o velikosti vesmiru, ale
spise tvoii logicky argument. Diky tomu by obyvatelé na okraji pozorovatelného vesmiru
sami méli byt schopni vidét jiny cely pozorovatelny vesmir kolem sebe. Pi1 vyplnéni pies
okraje by nam to dalo objem o priméru 180 miliard svételnych let. Musime zde vSak
naslapovat opatrné, protoze velikost vesmiru miize byt stale mensi, neZ je tato, pokud se
néjakym zptsobem obtoc¢i. Uvazujme timto smérem, ze na okraji naseho pozorovatelného
vesmiru mame Alenku. Alice se diva stejnym smérem a vidi na samém okraji svého
pozorovatelného vesmiru nékoho jiného, fikejme mu Carlos. Nyni se vratme na Zemi a
podivejme se opacnym smérem. Tady na horizontu ¢astic vidime Boba. Stejné jako predtim
se Bob diva stejnym smérem a vidi nékoho jiného, stejné jako Alice. Bob se vSak ve
skute¢nosti znovu diva na Carlose. Pro kazdého jednotlivého pozorovatele neexistuje zadné
opakovani, ale Alice a Bob jsou ve skute¢nosti oba schopni vidét stejnou osobu, Carlose. A
protoze Alice a Bob ziji daleko za hranicemi svych ¢asticovych horizontt, neexistuje zpasob,
jak by si to mohli vzajemné sd¢lit. Nikdo neni schopen fict, Ze se vesmir opakuje, a proto neni
moudfejsi. Nemtizeme tedy skuteéné pouzit kosmologicky princip k argumentaci pro mnohem
vetsi velikost vesmiru, vSe, co miizeme fici, je, Ze v naSem horizontu nevidime opakovani, a
proto vesmir musi mit alespon 2 x 45 miliard svételnych let. V rozsahu nebo 90 miliard
svételnych let. Opakujici se vzory vSak nejsou jedinym zplsobem, jak omezit velikost, jiz
jsem zminil koncept zak¥iveni a zde bychom mozna koneéné mohli mit voditko k jeho
skute¢né velikosti.

(03)- Standing on the Earth, we can’t directly see its curvature because the radius of
curvature is just so vast. But the curvature can be detected with some geometry, as was
famously done so by Eratosthenes of Cyrene two millennia ago by comparing the lengths of
shadows of sticks in the midday Sun at two different locations. In an analogous way,
astronomers can use the CMB radiation and some geometry to measure the curvature of the
universe itself. A simple way to think about this on a positively curved surface, like a sphere,
two parallel lines will eventually meet. For example, if we both head straight north, no matter
where you live, | will eventually bump into you at the north pole. On a flat surface the lines
stay true and parallel forever, but on a negatively curved surface, like a saddle, they
diverge.istt So how curved is the universe? The curvature parameter, known as Omega_k, has
been refined ever more over the years thanks to missions studying the CMB. The earliest
estimate, done by the Boomerang experiment in 2000, found it to be flat to within 6%.
Eighteen years later, ESA’s Planck mission published our current most precise estimate to
date, which is again flat to within 0.19%. It is truly an amazing technical feat by legions of
astronomers involved that we can measure the curvature of space at this level. But what does
this really mean? Let’s consider that the number is indeed exactly 0, a flat universe. It’s at this



point, that many often look at that flatness and interpret it to mean the universe must be
infinite. Look, it’s perfectly reasonable to suggest the universe is infinite as a possible
hypothesis, but it’s not true it’s the only explanation. It’s a non-sequitor that flatness requires
infinite space. To cosmologists flatness doesn’t really mean what we might naively think and
a flat universe can be finite. In fact we’ve already discussed an example of such a universe.
Let’s go back to our friends Alice, Bob and Carlos and imagine the universe really is 2-
dimensional, like a sheet of paper depicted here. If we had a warp drive, we could fly from
Earth in the direction of Alice, and when we cross Carlos we would re-emerge on the other
side and be heading home again. This is probably familiar to any computer gamers, games
like Pac-Man and Asteroids would often feature this rule. Since the the left-side and right-side
really correspond to the same line, the universe wraps around itself here. If up and down go
on forever, then what we essentially have is an infinite cylinder. In fact, since | made this
cylinder from a 2-dimensional sheet, it’s really a 2-cylinder. The 2-cylinder is really defined
by left-goes-to-right Pac-Man rule operating on the original 2D sheet, what is known as the
fundamental domain. That’s what makes it a 2-cylinder. When we roll it up in 3-dimensions,
we’re embedding the 2-cylinder into 3-dimensional space, but that’s just us embedding it into
3D. So even though it looks curved when embedded in 3D, that’s just a product of the
embedding, it’s actually still a flat geometry in it’s fundamental domain. Now this 2-cylinder
doesn’t really save us from an infinite universe because it’s length extends out to infinity. So
let’s go back to our fundamental domain and look at our rules one more time. What if we add
another rule that going past the upper edge takes you back to the lower edge. Now we truly
have full Pac-Man rules. A fundamental domain described by these two rules is no longer an
infinite 2-cylinder, but a finite 2-torus. We call it a torus because if you imagine re-rolling it
back up, we first get the cylinder as before, and then we have to connect these two ends
together. In practice, if [ try to do this I’d have to stretch out the material, distorting the plane,
but we can see that it should form something like a donut shaped torus. Now at this point it’s
useful to discuss John Nash, who you probably know from the biopic A Beautiful Mind. The
fact you have to stretch and distort the original plane to create the torus shape means that you
failed to isometrically embed it. And that isometric part is key because without it distances are
distorted in a way we don’t see in the universe around us. But John Nash proved the it was in
fact possible to isometrically embed a a 2-torus into three-dimensions, by adding waves and
waves of tiny corrugations during the embedding procedure. This was a beautiful proof but it
didn’t actually reveal what this 2-torus embedded into 3D would actually look like. In 2012, a
French team used supercomputers to finally calculate what the shape looked like. This
stunning morphology is in fact flat in the fundamental domain and adheres to the 2-torus Pac-
Man style rules.

(03)- Kdyz stojime na Zemi, nemizeme piimo vidét jeji zakfiveni, protoze polomér zakiiveni
je tak obrovsky. Ale zaktiveni 1ze detekovat pomoci urcité geometrie, jak to skvéle udélal
Eratosthenes z Kyrény pied dvéma tisiciletimi porovnanim délek stina ty¢inek v polednim
slunci na dvou rtiznych mistech. Analogickym zptisobem mohou astronomové pouzit zafeni
CMB a urcitou geometrii k méreni zakiiveni samotného vesmiru. Jednoduchy zptlisob, jak o
tom premyslet na pozitivné zakiivené plose, jako je koule, se nakonec setkaji dvé rovnobézné
¢ary. Naptiklad, pokud oba zamifime pfimo na sever, bez ohledu na to, kde bydlite, nakonec
do vas narazim na severnim p6lu. Na rovném povrchu zlistanou linie navzdy pravdivé a
paralelni, ale na negativné zakiiveném povrchu, jako je sedlo, se rozchazeji. Jak je tedy



_ Parametr zakfiveni, zndmy jako Omega k, byl v priibéhu let stale vice
zptesiiovan diky misim studujicim CMB. Nejstarsi odhad provedeny experimentem
Bumerang v roce 2000 zjistil, Ze je plochy s presnosti 6 %. O 18 let pozdé&ji zvetejnila mise
ESA Planck nas aktualni dosud nejptesnéjsi odhad, ktery je opét plochy s presnosti 0,19 %. Je
skute¢n¢ uzasnym technickym poc¢inem zastupd zicastnénych astronomt, Ze miZeme méf‘iﬂ
zakiiveni vesmiru na této urovni. A jak ho (to zakiiveni) méfime ? ? Anebo podvadime ?
M¢time ,,co“? ; a hodnoty “““namétené““ ( cinknuté) dosazujeme do jakych
Spatnych/spravnych spekulativnich rovnic ? ? Ale co to ve skute¢nosti znamena? UvaZujme,
ze cislo je skutecné piesné 0, tedy plochy vesmir. Dnes, ve stari 13,8 miliard let od zahajeni
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http://www.hypothesis-of-universe.com/docs/c/c_239.jpg . | lokalni plochosti 3+3
casoprostoru se meéni... Pravé v tomto bod¢ se mnozi Casto divaji na tuto plochost a
interpretuji ji tak, ze vesmir musi byt nekone¢ny. Podivejte, je naprosto rozumné tvrdit, ze
vesmir je nekone¢ny jako mozna hypotéza, ale neni pravda, ze je to jediné vysvétleni. Je to
non-sequitor, ze plochost vyzaduje nekonecny prostor. Pro kosmology plochost ve skute¢nosti
neznamena to, co bychom si mohli naivné myslet, a plochy vesmir mize byt kone¢ny. Ve
skute¢nosti jsme jiz diskutovali o ptikladu takového vesmiru. Vratme se k nasim pratelim
Alice, Bobovi a Carlosovi a pfedstavme si| Ze vesmir je skute¢né dvourozmérny, jako list
papiru, ktery je zde vyobrazen. A pro¢ si nepiedstavit vesmir dvouveli¢inovy se 3+3
dimenzemi pro kazdou veli¢inu tii (tfi fyzikalni dimenze a nadbytec¢né vextra dimenze jako
matematické artefakty pro stavbu hmoty)...proc¢ ne ???
http://www.hypothesis-of-universe.com/docs/eng/eng_101.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_098.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_097.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_093.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_095.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_092.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_094.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_087.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_082.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_079.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_075.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_071.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_069.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_059.pdf

and more and more http://www.hypothesis-of-universe.com/en/index.php?nav=home

Kdybychom méli warp pohon, mohli bychom letét ze Zemé smérem k Alici, a kdyZz
piekrocime Carlose, znovu bychom se vynofili na druhé stran€ a mifili zase domu. To je
pravdépodobné znamé vsem pocitacovym hractum, hry jako Pac-Man a Asteroids by toto
pravidlo Casto obsahovaly. Vzhledem k tomu, Ze leva a prava strana skutecné odpovidaji
stejné linii, vesmir se zde omotava kolem sebe. Pokud jde nahoru a dolti vé¢né, pak to, co v
podstaté mame, je nekonecny valec. Ve skutecnosti, protoZe jsem vyrobil tento vélec z 2-
rozmérného plechu, je to opravdu 2-vélec. 2-valec je skute¢né definovan pravidlem Pac-Mana
zleva-jde-doprava fungujicim na pivodnim 2D listu, coz je znamé jako zakladni doména. To
z néj dela 2valec. Kdyz to srolujeme do 3-rozmérti, vkladame 2-vélec do 3-rozmérného
prostoru, ale to je jen my, co ho vklddame do 3D. Takze i kdyz to vypada zakiivené, kdyz je
vlozeno do 3D, je to jen produkt vloZeni, ve skutecnosti je to stale ploch4 geometrie v jeji


http://www.hypothesis-of-universe.com/docs/c/c_239.jpg
http://www.hypothesis-of-universe.com/docs/eng/eng_101.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_098.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_097.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_093.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_095.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_092.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_094.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_087.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_082.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_079.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_075.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_071.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_069.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_059.pdf
http://www.hypothesis-of-universe.com/en/index.php?nav=home

zékladni doméné. Tento 2-vélec nas ve skutecnosti nezachrani pired nekone¢nym vesmirem,
protoze jeho délka saha do nekonecna. Vratme se tedy k nasi zdkladni domén¢ a podivejme
se na nase pravidla jesté jednou. Co kdyz ptidame dalsi pravidlo, ze pfechodem za horni okraj
se vratite zpét ke spodnimu okraji. Nyni mame skute¢né Gplna pravidla Pac-Mana. Zakladni
doménou popsanou témito dvéma pravidly jiz neni nekone¢ny 2-vélec, ale kone¢ny 2-torus.
Rikame tomu torus, protoZe kdyZ si piedstavite jeho op&tovné svinuti zpét, dostaneme nejprve
valec jako predtim a pak musime tyto dva konce spojit dohromady. V praxi, kdybych se o to
pokusil, musel bych material natahnout, ¢imz bych rovinu pokfivil, ale vidime, ze by mé¢l
tvotit néco jako torus ve tvaru koblihy. Nyni v tomto bod¢ je uzitecné diskutovat o Johnu
Nashovi, kterého pravdépodobné znate z zivotopisného filmu A Beautiful Mind. Skute¢nost,
7e musite pivodni rovinu natahnout a deformovat, abyste vytvofili tvar torusu, znamena, zZe se
vam ji nepodafilo izometricky vlozit. A tato izometrickd ¢ast je kliCova, protoze bez ni jsou
vzdalenosti zkreslené zptsobem, ktery ve vesmiru kolem nas nevidime. John Nash vsak
dokazal, Ze je ve skute¢nosti mozné izometricky vlozit a 2-torus do tfi rozméra pfidanim vin a
vin drobnych zvinéni béhem procesu vkladani. To byl krasny dikaz, ale ve skutecnosti to
neodhalilo, jak by tento 2-torus vlozeny do 3D skute¢né vypadal. V roce 2012 francouzsky
tym pomoci superpoéita¢i kone¢né &iﬁoéital, jak tvar vypada. Tato ohromujici morfologie je
ve skutec¢nosti plocha v zakladni doméné a dodrzuje pravidla stylu 2-torus Pac-Man.

(04)- The French team went a step further and even uploaded a 3D print design up on their
website. Thanks to those corrugations, it’s a formidable 3D print to actually pull off though. I
asked around several New York printing agencies about this and they all basically just said
straight up no. If there was anyone that could pull this off, it was going to be Joel, also known
as the 3D Printing Nerd - an awesome YouTube channel that explores everything 3D print
related. He took this on and has even created an awesome video describing this feat, please do
check it out when you’re done here. So here it is, a 3D embedded 2-torus. It’s even more
beautiful to hold and touch than the renderings. And what’s truly mind blowing is that I may
actually be holding the universe in my hands. A finite flat cosmos embedded in some higher
dimensional space. Of course, remember that this is a 2-torus, it’s made from a two-
dimensional plane. Since our universe has three spatial dimensions, the universe would need
to be a 3-torus, so a kind of hyper-dimensional extension of this incredible shape. The 3-torus
is in fact just one of ten different possible manifolds that could represent a flat, finite universe.
Six of these are called orientable and include the 3-torus. But four are so-called non-orientable
manifolds, and include this thing, the bizarre Klein bottle - a mind bending shape off
technically zero embedded volume. This orientability property is best understood by looking
at a simpler manifold, the Mobius strip. If travel along the Mobius, after one circuit your left
and right have switched over - you’ve become a mirror version of yourself. If the universe is
truly one of these non-orientable manifolds, it would have some bizarre consequences for a
hypothetical warp ship. Leave Earth and travel in one direction long enough and you return
home. Arriving back on Earth, you would at first feel the familiarity and relief of being back
home, but would quickly realize something was off. Your family’s faces were mirror versions
of before, their watches ticked anti-clockwise. But from their perspective, it would you who
was changed, and taking you to the doctor for a medical examination they’d discover your
heart was now on the right-hand side. All ten of these manifolds are perfectly consistent with
our observations, and all are finite. So any of these could be true, but there is another
possibility. The universe could be truly infinite, either an infinite flat fundamental domain in



all directions, or a negatively curved infinite saddle-shaped universe. Either way, we are
forced to face an ontological crisis. What if the universe is infinite? Infinities are
uncomfortable to physicists because they bring along some disturbing consequences. Given
infinite possibilities, everything that can happen must happen, an infinite number of times. In
seeking a way out of this, one might consider that yes, perhaps space is indeed infinite, but, at
some point its nature radically changes. There is an end to the universe. Indeed, there is some
theoretical work that might at first seem to fit the bill. In the so-called eternal inflation model,
our local universe is a bubble-like region where the hyper-expansion phase known as inflation
subdued, but travel far enough and you’d enter a region where the inflationary field has a
different state, expanding space so much that each bubble universe is separated by
unimaginable distances. However, since the entire landscape is still infinite, there would be an
infinite number of these bubble universes. So, in truth this doesn’t really solve our dilemma.
So let’s just stop hiding and face the possibility head on. An infinite cosmos. Infinities disrupt
probability theory, since all events have a probability of occurring an infinite number of
times, like infinite monkeys on infinite typewriters. It challenges the cosmological principle,
because what does it really mean to assume you’re typical if there’s an infinite number of
outcomes out there. At a human level, this infinite universe opens the door to some unsettling
consequences. Because it means that there is an infinite number of you’s out there. Not just
similar, but yous with the exact same arrangement of molecules and atoms, right down to the
quantum states of your subatomic particles. That immediately provides a kind of way out of
the no-cloning theorem, a quantum theory proved by James Part that states that its impossible
to ever create an independent and identical copy of an arbitrary quantum state. If these clones
share every single quantum state to you, surely that is you? And indeed these doppelgéngers
would sit inside an entire universe that was identical to our own right down to the last atom.

(04)- Francouzsky tym Sel jesté o krok dale a dokonce na své webové stranky nahral ndvrh
3D tisku. Diky témto zvInénim je to vSak impozantni 3D tisk, ktery se skute¢né vytdhne. Ptal
jsem se na to nékolika newyorskych tiskovych agentur a vSechny v podstaté fekly rovnou ne.
Pokud by to byl nékdo, kdo by to dokézal, byl by to Joel, také znamy jako 3D Printing Nerd —
uzasny kanal YouTube, ktery zkouma vSe, co souvisi s 3D tiskem. Ujal se toho a dokonce
vytvoril uzasné video popisujici tento vykon, az budete hotovi, podivejte se na to. Tak tady to
je, 3D vlozeny 2-torus. Je jesté krasnéjsi na drzeni a dotek nez na rendery. A co je opravdu
ohromujici, je to, Ze mozna ve skutecnosti drzim vesmir ve svych rukou. Koneény plochy
vesmir zasazeny do néjakého vyssiho dimenzionédlniho prostoru. Samoziejmée nezapomeiite,
Ze se jedna o 2-torus, je vyroben z dvourozmérné roviny. ProtoZe na§ vesmir ma tfi prostorové
dimenze, vesmir by musel byt 3-torus, tedy jakési hyperdimenzionalni rozsifeni tohoto
neuvéfitelného tvaru. 3-torus je ve skutecnosti jen jednim z deseti riznych moznych variet,
které by mohly piedstavovat plochy, koneény vesmir. Sest z nich se nazyva orientovatelné a
zahrnuje 3-torus. Ale Ctyfi jsou takzvané neorientovatelné rozvody a zahrnuji tuto véc,
bizarni Kleinovu lahev - tvar ohybajici mysl a technicky nulovy vloZeny objem. Tuto
vlastnost orientace nejlépe pochopite pfi pohledu na jednodussi potrubi, Mobitv pas. Pokud
cestujete po Mobiusu, po jednom okruhu se vase leva a prava piehodila — stali jste se
zrcadlovou verzi sebe sama. Pokud je vesmir skuteéné jednim z téchto neorientovatelnych
manifoldt, mélo by to pro hypotetickou warpovou lod’ néjaké bizarni diasledky. Opust'te Zemi
a cestujte jednim smérem dostate¢né dlouho a vratite se domut.. Po navratu na Zemi byste
nejprve pocitili davérnost a tllevu, ze jste zpatky doma, ale rychle byste si uvédomili, ze néco




neni v poradku. Obliceje vasi rodiny byly zrcadlové verze predchozich, jejich hodinky tikaly
proti sméru hodinovych rucicek. Ale z jejich pohledu byste to byli vy, kdo se zménil, a kdyz
vas vezmou k 1ékafi na Iékatské vySetteni, zjisti, ze vase srdce je nyni na pravé strané. VSech
deset téchto variet dokonale odpovida nasim pozorovanim a vSechny jsou kone¢né. Takze
cokoli z toho muze byt pravda, ale je tu jesté jedna moznost. Vesmir miize byt skute¢né
nekonecny, coz je moje verze HDV, ,,provedeni* Vesmiru v systému stfidani symetrii

s asymetriemi. Pied Tieskem symetrie tj. plochy ¢asoprostor bez hmoty, bez poli, bez toku
Casu, bez rozpinani. Pak pfijde zména stavu — Tresk a nastane prvni asymetricky stav (
extrémni kiivost 3+3D) a v naslednych stavech genezich téch stfidani stavi
http://www.hypothesis-of-universe.com/docs/g/g_041.pdf ; http://www.hypothesis-of-
universe.com/docs/g/g_049.pdf ; http://www.hypothesis-of-universe.com/docs/g/g_080.pdf
...smérem k rozbaleni dimenzi az k tomu Big Cruych - crash ( rozbaleni v§eho kiivého tedy |
hmoty ) a na novo novy Big-bang jako uz byl. .., to je také ptedstava Penrose ,,vice vesmira“
bud’ nekonecna ploché zakladni doména ve vSech smérech, nebo negativné zakfiveny
nekonecny vesmir ve tvaru sedla. At tak ¢i onak, jsme nuceni ¢elit ontologické krizi. ?? Co
kdyz je vesmir nekone¢ny? Je, no a co ? Pre-big-bang(ovy) stav ¢asoprostoru je nekoneény (!)
Dnesni véda si jesté nezapocitala do svych poznatk ,,m0j Piincip stfidani symetrii

s asymetriemi®. Bez n¢ho by Vesmir nemohl provadét genezi vyvoje, ktera uzitecné funguje, i
pro ta nekone¢nma. Nejsem matematik, ale intuitivné to tak citim a beru. Nekone¢na jsou pro
fyziky nepohodlna, protoze s sebou nesou nékteré znepokojivé dusledky. Vzhledem k
nekone¢nym moznostem se vse, co se muze stat, musi stat, nekonecnékrat. A tomu prave
zabrani ten ,,Princip®. Pfi hledani cesty z toho by se dalo uvazovat, Ze ano, mozna je prostor
skute¢n€ nekonecny, ale v urcitém okamziku se jeho povaha radikalné zméni. No vida jak
uvazujete stejnym smérem logiky jako ja : povaha a realita nekone¢na se zméni pii ,,zméné
stavu® (jako byl naptiklad big-bang) Existuje konec vesmiru. Ve skute¢nosti existuje urcita
teoreticka prace, které by se na prvni pohled mohla zdat jako vhodna. V takzvaném modelu
vécné inflace © je nas mistni vesmir oblasti podobnou bubling, kde faze hyperexpanze ©
znama jako inflace utlumila, ale cestovala dostate¢né daleko a vstoupili byste do podsvéti
oblasti, kde m4 inflagni pole jiny stav. Expanduje prostor natolik, 7e kazdy bublinovy vesmir
oddéluji nepiedstavitelné vzdalenosti. © Protoze je vSak celd krajina stale nekoneéna,
existovalo by nekoneéné mnozstvi téchto bublinovych vesmiri. © Takze ve skute¢nosti to
nase dilema opravdu nefesi. Pfestanme se tedy skryvat a ¢elme této moznosti celem. (!)
Nekonec¢ny vesmir. Nekonecna naruSuji teorii pravdépodobnosti, protoZze vSechny udélosti
maji pravdépodobnost, Ze se vyskytnou nekonecnékrat, jako nekonecné opice na nekone¢nych
psacich strojich. Zpochybnuje kosmologicky princip, protoze co to skutecné znamena
predpokladat, ze jste typicti, pokud existuje nekone¢né mnozstvi vysledkd. Na lidské trovni
tento nekone¢ny vesmir otevira dvetfe nekterym znepokojivym diisledkiim. Protoze to
znamena, Ze je vas tam nekone¢né mnoho. © Nejen podobné, ale vy s piesné stejnym
usporadanim molekul a atomti, az po kvantové stavy vasich subatomarnich ¢astic. To
okamzité poskytuje jakési vychodisko z teorému o neklonovani, kvantové teorie dokazané
Jamesem Partem, ktera tvrdi, Ze je nemozné vytvofiit nezavislou a identickou kopii
libovolného kvantového stavu. Pokud s vami tyto klony sdileji kazdy jednotlivy kvantovy
stav, jste to jisté vy? A tito doppelgédngeti by skute¢né sed€li uvnitt celého vesmiru, ktery byl
az do posledniho atomu totozny s tim nasim. :-) tu neni co komentovat
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(05)- Each one watching this video right now, each one their jaw dropping, their sense of self
dissolving, as they challenge the very meaning of who they are. Yet more, in the past, in the
future, there are infinite doppelgangers of you slightly offset in time. A version of you one
day behind, two weeks ahead. You are everywhere. And you never end. Despite the
existential crisis this carries, it perhaps provides some relief in other ways. For our close loved
ones that we’ve lost continue to live somewhere. Both offset in time, but also through
different choices. An infinite number of loved doppelgéngers who didn’t get in the car that
day, who decided not to take those terrible drugs, who got to hospital in time. Still out there,
somewhere, just preposterously distant. At the same time, an infinite universe can also,
paradoxically, feel empty and nihilistic. For many, we define our goals in life in terms of our
impact on the world. But that impact dissolves away in infinity. For example, if your mission
is to reduce suffering amongst humanity, it is challenged by the fact that in an infinite
universe there is infinite suffering. And whatever you subtract from infinity, it’s still infinity.
And likewise there is infinite happiness, so if your goal is to increase happiness, surely your
actions are utterly futile. As we look further and further out, we perhaps finally turn back to
inner space. We can’t affect an infinite universe, or even realistically the infinitely smaller
one we see around us. Rather than trying to derive meaning from our impact on the cosmic
scale, the ensemble of space, meaning might actually be much closer to home. Because whilst
there might be an infinite number of yous, only you can control your actions today, how you
choose to live your life, how you treat others, and so even the smallest acts of kindness carry
infinite
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weight. So until the next video, stay thoughtful and stay curious.

(05)- Kazdy, kdo prave sleduje toto video, kazdému spadne Celist, rozplyne se pocit sebe
sama, kdyz zpochybiiuje samotny vyznam toho, kym je. Jesté vice, v minulosti, v
budoucnosti, existuje nekoneéné mnoho dvojniki, ktefi jsou mirné€ posunuti v ¢ase. Verze vas
jeden den pozadu, dva tydny doptedu. Jste vSude. ©A ty nikdy nekon¢is. Navzdory
existencialni krizi, kterou s sebou nese, mozna piinasi urcitou ulevu i jinymi zptsoby. Nasi
blizci, které jsme ztratili, stale nékde ziji. V nebi Oba se kompenzuji v Case, ale také riznymi
volbami. Nekone¢né mnozstvi milovanych doppelgéngeri, ktefi ten den nenasedli do auta,
ktefi se rozhodli nebrat ty hrozné drogy, ktefi se dostali v€as do nemocnice. Potad tam nékde,
jen absurdné daleko. Nekonecny vesmir pfitom miZe paradoxné plisobit i jako prazdny a
nihilisticky. Pro mnohé definujeme své Zivotni cile z hlediska naseho vlivu na svét. Ale ten
dopad se rozplyne v nekonecnu. Napiiklad, pokud je va§im poslanim sniZzit utrpeni mezi
lidstvem, je zpochybnéno skutecnosti, Ze v nekone¢ném vesmiru existuje nekonecné utrpen.
A cokoli odectete od nekonecna, je to stale nekonecno. A stejné tak existuje nekonecné §tésti,
takZze pokud je vasim cilem zvysit Stésti, vaSe Ciny jsou jisté naprosto marné. Kdyz se divame
dal a dal, mozna se kone¢né vratime zpét do vnitiniho prostoru. NemiiZzeme ovlivnit
nekone¢ny vesmir, ani realisticky ten nekonecné mensi, ktery vidime kolem sebe. SpiSe nez
se snazit odvodit vyznam z naSeho dopadu na kosmické métitko, soubor prostoru, vyznam
muze byt ve skute¢nosti mnohem blize domovu. Protoze 1 kdyz vas miiZze byt nekone¢né
mnoho, pouze vy miiZzete dnes ovladat své ¢iny, jak se rozhodnete Zit svilj Zivot, jak se
chovate k ostatnim, a tak i ty nejmensi skutky laskavosti maji nekonecno. 29:24 hmotnost.
Takze az do dalSiho videa ztistaiite pfemyslivi a ziistaiite zvédavi. Nekone¢no mate vyteseno.
Ja taky: ja pomoci Principu o stiiddni symetrii s asymetriemi.
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