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(01)- “You must not attempt this approach to parallels. I have traversed this bottomless
night, which extinguished all light and joy in my life. | entreat you, leave the science of
parallels alone...” Two trains hurtle along tracks side by Two trains hurtle along tracks side
by side, straining every rivet and bolt. It’s neck and neck, one locomotive inching in front of
the other, before conceding ground. Crowds line the sidings, waving flags and cheering for
their favourite engine in this unusual race. Then the unthinkable happens. Gasps ring out as
the trains smash into each other, metal folding like paper as they burst into flames. But how
could this have happened? After all, the tracks the trains were racing along were parallel. The
very definition of
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parallel lines is that they will never meet, no matter how far you extend them. How could
they have come together? Mathematicians have studied parallel lines for millennia. Among
the earliest to juggle with these ideas was the Greek polymath, Euclid - often referred to as
the Father of Geometry. Euclid penned one of the most influential books ever written,
Elements - containing many of the rules that underpin mathematics to this day. And the fifth
of these rules is called the parallel postulate. This effectively states that two trains travelling
along parallel tracks should never, ever meet. The other four postulates were quickly proven,
but the parallel postulate remained evasive, unproven for almost two thousand years. Until
finally, in the 19th century, mathematicians dropped an existential bombshell. The postulate
hadn't been proven because it couldn't be. Two parallel lines could meet after all.
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Suddenly, Euclidean geometry was no longer the only game in town. It became possible to
bend and contort space in ways that completely upend the usual rules. Indeed, among those
who broke Euclid’s parallel postulate was Hungarian mathematician night that extinguished
all joy in his life. But what does this mean? And why does this matter outside of
mathematics? The answer, as we will see, is truly bizarre. For today, non-Euclidean geometry


https://www.youtube.com/watch?v=qS7tt_9P1k8
https://www.youtube.com/@HistoryoftheUniverse
https://www.youtube.com/@HistoryoftheUniverse
https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqazJaQmdqaHE1ZFltdmE2YnFzRzJmQXMwVTdzQXxBQ3Jtc0tsQmhKa1phX0k2YWxteU9lRTNvb3F4NGE3ZV8yaHBUSURURUtwZF9pdUhrZktiNlpaLTlreGlPNWlsa0dxcExheS1ianlMbjlfTlkwb1JrV3dmNGE2U0I0RTJyTzQ5UTNib2VhWk1LcTlaOXFwOWJZWQ&q=https%3A%2F%2Fground.news%2Fhotu&v=qS7tt_9P1k8
https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqa0FJSkVuLVNVZVBzRmZ2T1BUYVNHOHhzNjFrd3xBQ3Jtc0tsc2dZcmxYOEl1WHN0NDE2YnZVZlZLb0ZZeEpubVJRb2ZmODVOQjE2cHpUMXdySjBRWVhiZFNNVThUT2JTeW14c2NYdEE3ZUtGbEFlQl8zLVdBOTNGSlk0d1Q1WkpXdlIzYVN6MHkzTVhDUmpRcW1pVQ&q=https%3A%2F%2Fcolinstuart.substack.com%2F&v=qS7tt_9P1k8

lies at the heart of one of the most fundamental questions in the universe. A cosmic question
close to the top of the list of those asked to astronomers. Our journey towards answering this
question will take us to bizarre, twisted universes where light loops round and we can see the
same galaxies multiple times in the sky. It will guide us through universes folded back on
themselves, universes where if you look hard enough you may see yourself staring back - and
universes where parallel lines meet again and again and again.
3:04
It is a trip that will defy common sense, but is guaranteed to leave you with a much
deeper understanding of the cosmos in which we live - and possibly even which cosmos in
which we live. And the question we will be answering? If the universe is expanding, just
what is it expanding into...? On the 27th of December 2024, a telescope in Chile discovered
something that caused the UN to activate a planetary defence protocol for the very first time.
The telescope had discovered 2024 YRA4, an asteroid the size of a football field, that if it hits
Earth in 2032 will unleash hundreds of times more energy than the Hiroshima bomb.
4:00
But the question is - will it? With breaking news like this, especially science breaking news,
which is very susceptible to hyperbole, it is hugely important to know where your
information is coming from, which is why I use Ground News as an indispensable resource
when researching, and they've kindly helped make this video possible. Ground News gathers
the world’s news in one place so you can compare coverage and verify your information. For
the 2032 asteroid, it lists 224 news sources all on one handy page, and rates each publication
for bias and factuality, as well as providing information about the publication's ownership.
For example, one source listed as 'mixed factuality' originally ran with the headline 'Graphic
shows asteroid the size of a football pitch on course to hit Earth' whereas most of the sources
listed as high or very high factuality were more up front that the chances of impact with earth
are only between 1 and 2%. And so | encourage you to visit ground.news/HOTU or scan my
QR code if you're looking for a quick
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and easy way to stay fully informed, on any topic, Make sure you use my link to save 40%
off unlimited access to their VVantage plan — the same one | use.
An Expanding Universe
In Medieval Naples, Pope Innocent IV lies on his sickbed. The Pontiff's advisors have just
delivered the crushing news that his Papal forces have been overrun by Manfred, the King
of Sicily. This devastating development is widely credited as the reason for his death just
days later at the age of 59. And yet, in some circles at least, there are growing whispers that

(01)- ,,Nesmite se pokouset o tento pfistup k paralelam. Prosel jsem touto bezednou noci,
ktera uhasila viechno svétlo a radost v mém Zivoté. Zadam vas, nechte védu o paralelach
byt...“ Dva vlaky se fiti po kolejich vedle sebe. Dva vlaky se fiti po kolejich vedle sebe a
napinaji kazdy nyt a Sroub. Je to krk a krk, jedna lokomotiva se pliZi pted druhou, neZ ustoupi.
Davy lemuji vlec¢ky, mavaji vlajkami a fandi svému oblibenému motoru v tomto neobvyklém
zavod¢. Pak se stane nemyslitelné. Jak vlaky do sebe narazeji, kovy se skladaji jako papir,
kdyZ vzplanou. Ale jak se to mohlo stat? Koneckonct, koleje, po kterych se vlaky prohanély,
byly paralelni. Samotna definice
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rovnobézné linie je, Ze se nikdy nesetkaji, bez ohledu na to, jak daleko je prodlouzite. Jak se
mohli dat dohromady? Matematici studovali paralelni cary po tisicileti. Mezi prvni, kdo s
témito myslenkami zongloval, byl fecky polyhistor Euclid — ¢asto oznacovany jako Otec
geometrie. Euclid napsal jednu z nejvlivnéjsich knih, které kdy byly napsany, Elements -
obsahujici mnoho pravidel, ktera dodnes tvofi zaklad matematiky. A paté z téchto pravidel se
nazyva paralelni postulat. To v podstaté fika, ze dva vlaky jedouci po paralelnich kolejich by
se nikdy, nikdy nemély potkat. Dalsi ¢tyfi postulaty byly rychle prokazany, ale paralelni
postulat ztistal vyhybavy, neprokdzany témét dva tisice let. Az nakonec v 19. stoleti
matematici svrhli existencialni bombu. |Postu|ét nebyl prokazan, protoze nemohl byd. Dvé
paralelni linie by se pfece mohly setkat.
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Najednou uz euklidovské geometrie nebyla jedinou hrou ve mésté. Bylo mozné ohybat a
zkroutit prostor zpisoby, které zcela rusi obvykla pravidla. Ano. Krouceni, kiivent,
balickovani prostoru, ¢asoprostoru je ona podstata vyroby hmoty. O tomto modelu je moje
HDV. Nikdy bych netusil, ze tak uchvatnou myslenku nebude 40 let nikdo ¢ist, Ze nad ni
nebude nikdo chtit premyslet. (a mozna jesté dalsich 20 let). Pro¢? Opravdu, mezi témi, kdo
porusili Euklidv paralelni postulat, byla mad’arskd matematicka noc, ktera uhasila veskerou
radost v jeho zivoté. Ale co to znamena? A pro¢ na tom zalezi mimo matematiku? Odpoved,
jak uvidime, je skute¢né bizarni. Pro dnesek lezi neeuklidovska geometrie jadrem jedneé z
nejzékladnéjsich otazek ve vesmiru. Kosmicka otazka blizko vrcholu seznamu téch, které
astronomtim polozili. Nase cesta k zodpovézeni této otazky nas zavede do bizarnich,
pokroucenych vesmiri, kde se svétlo otaci kolem, dokola a my mizeme na obloze vidét tytéz
galaxie n€kolikrat. ?? Kiiveni, krouceni dimenzi patii do mikrosvéta planckovych skal. A
naopak ve velkych rozlohach globalniho vesmiru bych hledal rozbalené dimenze, ve kterych
plavou lokality = galaxie. Provede nas vesmiry slozenymi zpét na sebe, vesmiry, kde, kdyz se
podivate dostatecné pozorné, uvidite, jak zirate zpét - a vesmiry, kde se paralelni linie znovu a
znovu a znovu setkavaji.
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Je to vylet, ktery se bude vzepftit zdravému rozumu, ale zaruc¢ené vam zanecha mnohem
hlubsimu pochopeni vesmiru, ve kterém zijeme — a moZna i toho, ve kterém vesmiru Zijeme.
A otézka, na kterou budeme odpovidat? Pokud se vesmir rozpiné, do ¢eho se rozpina ...? 27.
prosince 2024 objevil dalekohled v Chile néco, co zpiisobilo, Zze OSN viibec poprvé
aktivovala protokol planetarni obrany. Dalekohled objevil 2024 YR4, asteroid o velikosti
fotbalového hiiste, ktery pokud zasdhne Zemi v roce 2032, uvolni stokrat vice energie nez
bomba v HiroSimé¢.
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Otazka ale zni — bude? S nejnovéjsimi zpravami, jako je tato, zejména s nejnovejsSimi
zpravami z védy, které jsou velmi nachylné k nadsazce, je nesmirné dulezité védét, odkud
vase informace pochazeji, a proto pouzivam Ground News jako nepostradatelny zdroj pfi
badani, a oni laskavé pomohli vytvofit toto video. Ground News shromazd'uje zpravy ze svéta
na jednom mist¢, takze mtliZzete porovnat pokryti a ovétit své informace. Pro asteroid z roku
2032 uvadi 224 zpravodajskych zdroju, vSechny na jedné praktické strance, a hodnoti kazdou
publikaci z hlediska zkresleni a vérohornosti, stejné jako poskytuje informace o vlastnictvi
publikace. Naptiklad jeden zdroj uvedeny jako ,,smiSena fakta* ptiivodné bézel s titulkem
,(rafika ukazuje asteroid o velikosti fotbalového htisté na cesté k dopadu na Zemi®, zatimco
vétSina zdrojii uvadénych jako vysoce nebo velmi vysoce pravdivé byla spise v poptedi, ze




Sance na dopad se Zemi jsou pouze mezi 1 a 2 %. A tak vam doporucuji navstivit
ground.news/HOTU nebo naskenovat mtij QR kod, pokud hledate rychly
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a snadny zpusob, jak zlstat plné informovani o jakémkoli tématu. Ujistéte se, Ze pomoci
mého odkazu usetiite 40% slevu na neomezeny ptistup k jejich planu Vantage — stejnému,
ktery pouzivam ja. RozSifujici se vesmir. Ve sttedovéké Neapoli lezi na 1azku nemocného
papez Innocent IV. Papezovi poradci pravé ptinesli zdrcujici zpravu, Ze jeho papezské sily
byly pfemozeny Manfredem, sicilskym kralem. Tento znicujici vyvoj je Siroce povazovan za
diivod jeho smrti o né€kolik dni pozdé&ji ve veku 59 let. A presto se alespont v nékterych
kruzich stale vice Septa, ze

(02)- the Pope's early demise came from an entirely different source. That he was, in fact,
murdered. The proposed culprit? The ghost of a little known English bishop with whom he'd
clashed time and time again. A clergyman by the name of Robert Grosseteste.
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This supposed spiritual assassin was born in the 13th century and rose to become the bishop
of the English cathedral city of Lincoln. Quarrelsome and restless, he sought reforms to the
Catholic Church that would bring him into direct conflict with Pope Innocent 1V as well as
King Henry I11. Yet it is Grossteste's contributions to the fledgling field of modern science
that are far more noteworthy. For he was a particularly early advocate of the scientific method
- and the crucial role of experiment in revealing the hidden laws that invisibly govern our
world. To begin with, Grossteste was the first person in history to correctly explain rainbows
as the result of the refraction of light. And light became somewhat of an obsession and
played a central role in his version of something bishops and cosmologists both fixate on: the
creation of the universe. According to Grossteste, the
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universe began when light expanded outwards from a central point, before condensing into
matter. This was a full seven centuries before modern astronomers would hit upon a similar
notion. And so today, Grosseteste is known in some circles as the “Big Bang bishop”.
Grossteste died in 1253 and is buried in Lincoln cathedral. Miracles were reported at his
shrine and he was widely considered a saint in England as a result. Although Grosseteste’s
sainthood was never ratified by the Vatican, in large part due to the rumour that his ghost
murdered the Pope. But as we know Grosseteste”s idea for an expanding universe would not
be developed in the following years - it would take more than half a millenia for it to raise its
head again. And interestingly, it was another Catholic man of the cloth that would ultimately
rekindle Grossteste's idea in the early 20th century: the Belgian priest Georges Lemaitre.
8:04

Lemaitre was lucky to even be alive at this point. As an artillery officer at Ypres during the
First World War, he narrowly escaped the horrors of a cloud of chlorine gas when the wind
changed direction and blew it away from him. Then, in the Second World War, the
Americans accidentally bombed his home. In 1927, Lemaitre published his solutions to the
equations of Einstein's General Theory of Relativity, our best and most complete theory of
gravity. He wasn’t the first to do this - people had been doing it for years - indeed Karl
Schwarzschild had been one of the first more than a decade earlier, using his solution to
propose the idea of a black hole. Lemaitre's solutions however were different - they implied
that the entire universe was expanding. But most ignored his findings. Einstein was



among those who were brutally dismissive: “Your calculations are correct, but your physics
is abominable,” he said. Einstein famously would go on to tweak his
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own equations to maintain a static universe. However, the seeds of the proof that

Lemaitre was right — and Einstein wrong - had already been sown - for in 1915, the American
astronomer Vesto Slipher had announced his discovery that galaxies appear to be running
away from us. And Slipher reached his landmark conclusion thanks to measurements of
redshift, one of the most important weapons in an astronomer's armoury. First, take light
from a galaxy and break it up into its constituent colours - much like Grosseteste correctly
assumed raindrops do to create rainbows. Second, look for the dark bands hidden in this
spectrum that represent missing colours swallowed by the various chemical elements that
make up the galaxy. Finally, measure how far this pattern of lines has been shunted towards
the red end of the spectrum. The more pronounced this “redshift”, the faster the galaxy is
receding from us. This was only one half of the puzzle, however.
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The final, missing piece would be provided by Edwin Hubble in 1929. He measured the
distances to galaxies, before comparing them to the speeds with which the galaxies are
fleeing. In doing so he found a very strict pattern now known as Hubble’s Law. The further a
galaxy is from us, the faster it appears to be running away. How fast? According to modern
measurements, about 23 kilometres per second for every million light years. And so Hubble
immediately knew that Lemaitre was right. The universe is expanding after all, just as the
visionary Grossteste had suspected centuries before. Despite how often it is talked about, it's
not always immediately obvious why the fact that more distant galaxies are fleeing from us

(02)- Papezova brzka smrt pfisla ze zcela jiného zdroje. Ze byl ve skute¢nosti zavrazdén.
Navrhovany vinik? Duch malo zndmého anglického biskupa, se kterym se znovu a znovu
stietaval. Duchovni jménem Robert Grosseteste.
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Tento domnély duchovni vrah se narodil ve 13. stoleti a stal se biskupem v anglickém
katedralnim mésté Lincoln. Svarlivy a neklidny usiloval o reformy katolické cirkve, které by
ho ptivedly do pfimého konfliktu s papezem Inocencem IV. stejné€ jako kralem Jindfichem III.
Mnohem pozoruhodnéjsi jsou vSak Grosstesteovy piispévky do zacinajici oblasti moderni
védy. Byl totiZ zvlasté ranym zastancem védecké metody — a zsadni role experimentu pii
odhalovani skrytych zdkoni, které neviditeln€ vladnou nasemu svétu. Grossteste byl prvnim
¢loveékem v historii, ktery spravné vysvétlil duhu jako vysledek lomu svétla. A svétlo se stalo
ponekud posedlosti a hralo ustfedni roli v jeho verzi néceho, na co se biskupové i
kosmologove fixuji: stvofeni vesmiru. Podle Grossteste,
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vesmir zacal, kdyz svétlo expandovalo ven z centralniho bodu, nez se zkondenzovalo do
hmoty. Bylo to celych sedm stoleti, nez moderni astronomové narazili na podobnou
ptedstavu. (...mam bidny pocit, jak dopadne moje HDV? Kdy si ji fyzikové v§imnou... ..
ehm, ...) A tak je dnes Grosseteste v nékterych kruzich znam jako ,,biskup velkého tfesku®.
Grossteste zemiel v roce 1253 a je pohiben v katedrale v Lincolnu. V jeho svatyni byly
hlaseny zazraky a v disledku toho byl v Anglii Siroce povazovan za svatého. Ackoli
Grossetesteovo svatost nebylo nikdy ratifikovano Vatikanem, z velké ¢asti kviili famé, Ze jeho
duch zavrazdil papeze. Jak ale vime, Grossetesteho myslenka na rozpinajici se vesmir by se v




nasledujicich letech nerozvinula — trvalo by vice nez pul tisicileti, nez by znovu zvedl hlavu.
A zajimavé je, ze to byl dalsi katolik, ktery nakonec pocatkem 20. stoleti ozivil Grosstesteho
myslenku: belgicky knéz Georges Lemaitre.
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|LemaTtre mél Stéstil, ze byl v tuto chvili nazivu. Jako délostrelecky diistojnik v Ypres za prvni
sveétove valky jen o vlasek unikl hrizam oblaku plynného chloru, kdyz vitr zménil smér a
odval ho od néj. Pry jeden oblak zahubil milion lidi (?) Poté, ve druhé svétové valce,
Ameri¢ané omylem bombardovali jeho diim. V roce 1927 publikoval Lemaitre sva feSeni
rovnic Einsteinovy Obecné teorie relativity, nasi nejlepsi a nejupInéjsi teorie gravitace. Nebyl
prvni, kdo to ud¢lal — lidé to délali 1éta — skute¢né Karl Schwarzschild byl pied vice nez
deseti lety jednim z prvnich, ktery své feseni pouzil k nadvrhu myslenky cerné diry.
Lemaitreho feSeni vSak byla odli$na — naznacovala, ze se cely vesmir rozpind. VétSina fyziki
ale jeho zjiSténi ignorovala. Einstein byl mezi témi, ktefi byli brutdlné¢ odmitavi: ,,
Vpocty jsou spravné, ale vase fyzika je ohavnd, fekl. Ehm, u mé HDV by se feklo: ,,Vase
vypocty jsou ohavné, ale myslenka je spravna, ohromna“. Einstein by slavné pokracoval ve
vylepSovani jeho
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vlastni rovnice k udrzeni statického vesmiru. Semena ditkazu, ze Lemaitre m¢l pravdu — a
Einstein se mylil — vSak jiz byla zaseta — protoze v roce 1915 americky astronom Vesto
Slipher oznamil svij , Ze galaxie pied nami ziejmé utikaji. A ja kdyz oznamuji, Ze
vesmir se rozbaluje, tak odbornici mI¢i a mnozi urazi. Dokonce piednasim, ze se ¢asoprostor
od BB nejen rozbaluje (v toku plynuti ¢asu) ale soub ¢ zn¢ se sbaluje (jeho dimenze)

Vv lokalitach do bali¢ku a ty pak jsou elementarnimi ¢asticemi hmoty https://www.hypothesis-
of-universe.com/index.php?nav=ea ; do velkoskalovych méfitek se rozbaluje a do minisvéta
se sbaluje do hmoty. A dokonce jesté vice: vesmir vznika stéale, stale vSude kolem nas, ve
viicim vakuu, v plankovském méfitku cca 107° m, tak jsou ty nekone¢né poéty singularit. Ta
,»prvni* singularita byla rozhranim dvou stavii: pfedtieskového a potreskového, kdy
,,okamzité* Vesmir zménil kiivost k =0 na kfivost k= nekonec¢no. Nastala inflace
ROZBALENT{ dimenzi na ,,ptijatelné* hodnoty, pak plazma, atd....atd. A Slipher doséhl

vvvvvv

zbrojnici astronomul. \Nejprve vezméte svétlo z galaxie a rozbijte ho na barvy\,(coz je opet to
slavné kiiveni dimenzi) z nichZ se skladd — podobné jako Grosseteste spravné predpokladal,
ze deStové kapky vytvareji duhu. Za druhé, hledejte tmavé pruhy skryté v tomto spektru,
které predstavuji chybgjici parvy pohlcenéd| raznymi chemickymi prvky), které tvoii galaxii.
Pohlcené byly tim, fe se ta ,,sbalena kiivost* utopila v téch atomech....jako opét néjaké
,.balicky* https://www.hypothesis-of-universe.com/docs/c/c_275.qif ; Nakonec zméite, jak
daleko byl tento vzor ¢ar posunut smérem k ¢ervenému konci spektra. Cim vyrazngjsi je tento
,rudy posuv®, tim rychleji se od nas galaxie vzdaluje. O.K. a linearné se vzdaluji jen do urcité
vzdalenosti smérem ke Ttesku. Pak za¢ne kiivost ¢p rust a ,,Hubbleho zdkon* uz neplati. A to
je to pro¢ fyzikové chybuji v odhadech vzdalenosti a nasledné v odhacech dalSich parametrti
V raném vesmiru. A divi se co strasného tam Webertiv teleskom pozoruje. To vSak byla jen
jedna polovina skladacky.
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Posledni chybéjici kousek by mél poskytnout Edwin Hubble v roce 1929. Zméftil

ke galaxiim, nez je porovnal s rychlostmi,| kterymi galaxie prchaji. Pii tom nasel

velmi prisny (?!) vzorec nyni znamy jako Hubbletiv zakon. Ovsem ,,piisny* pouze do
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vzdalenosti 400 000 let od Velkého tresku. Pak smérem ke Ttfesku se znatelné /poznatelné
zacina globalni velkoskalovy Casoprostor kiivit...; https://www.hypothesis-of-
universe.com/docs/c/c 239.jpg ; Cim dale je galaxie od nés, tim rychleji se zda, ze utika. Jak
rychle? Podle modernich méfeni asi 23 kilometrti za sekundu na kazdy milion svételnych let.
A tak Hubble okamzité véd¢l, ze Lemaitre mél pravdu. Vesmir se koneckonct rozpina, jak
pied staletimi tusil vizionar Grossteste. Navzdory tomu, jak ¢asto se o tom mluvi, Zdy
hned , pied nami prchaji vzdalené;si galaxie. Pro mé to ziejmé je. Vesky tresk
byla ,,zména stavu*“ zk =0 na k = nekonecno, a...a pak se ¢p zacal rozbalovat. Z pohledu
>od Tiesku< je rozbalovani stale pomalejsi, respektive kiivost se méni stale pomaleji a
pomaleji... v raném vesmiru rychle a nyni pomalu = a to pravé pozoroval Hubble: v raném
vesmiru Cili bliZ a bliZ ke tfesku, je rozpinani (rozbalovani) stale ,,rychlejsi.

(03)- faster automatically means that the universe must be expanding. So let's nail the link
with a more familiar example of something else that expands: bread. Bread with raisins in it -
to be precise. Imagine mixing and kneading the dough, before placing it in the oven for an
hour to bake. In that time it will double in size to give you a tasty treat. But now imagine
placing yourself on one of the raisins and looking around you at the other raisins as the dough
rises. A raisin that was initially one centimetre away from you will end up two centimetres
away at the end of the baking time. It will have moved one centimetre in an hour. If a raisin
was already two centimetres away from you to begin with then it will end up four centimetres
away, moving at an apparent speed of two centimetres per hour. A third raisin initially three
centimetres away would finish the bake six centimetres distant, apparently moving at three
centimetres per hour.
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In other words, the bigger the initial gap between you and raisin, the faster you’ll see it move
away from you. Why? Because the dough is expanding. It is not that the raisins are moving
through the dough. Nor is more dough somehow being added. Instead the gap between the
raisins is stretched by the existing dough’s expansion. The more dough there was between
you and a raisin to begin with, the more pronounced the effect of its expansion. Hubble’s Law
offers up an identical explanation for galaxies. As Slipher realised, most appear to be running
away from us, but the galaxies themselves aren’t fleeing through space. Instead, the space
between the galaxies is expanding and carrying them ever further from us. The more space
there was to begin with - in other words the further a galaxy is from us - the faster it will
appear to move away. No new space is being added, merely existing space stretched. This is
allowed by General Relativity - space and
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time are malleable, inconstant things. And it is the expansion of the universe that is also
responsible for the more pronounced redshift of more distant galaxies spotted by Slipher. As
the light waves travelled towards Earth, they were stretched as the space they travelled
through expanded. Of all the colours of the rainbow, red light has the longest waves. The
more space the light had to travel through to get here, the closer to the red end of the spectrum
the spectral lines will appear.This is a good illustration of another subtle point that often vexes
people when it comes to fully understanding an expanding universe. People often ask about
what happens to energy as the universe expands. Energy conservation is one of the most
famous laws of physics, stating that energy can't be created or destroyed and that the total
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energy of a system must stay the same. However, energy is not conserved in an expanding
universe.
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The energy conservation rule holds for the kind of physics covered by Isaac Newton's three
famous laws of motion where particles move through a benign background space that isn't
changing. However, space is constantly changing in an expanding universe and so the total
energy of the particles moving through it is not conserved in the same way. Redshifted light
is a perfect example. As the expansion stretches out the light waves, they lose energy. The
total energy of all the photons reaching Earth decreases, it is not conserved. And this
expansion of the universe also leads to another curious effect. Light from the most ancient
events takes longer to arrive as it has had to travel a long way through an expanding universe
to get here. The result is that the oldest objects in the universe appear to evolve almost five
times more slowly than the same events today.

15:12

The fact that the universe is expanding is clear, but when exactly did this expansion start?
Well, if the universe is getting bigger day by day then it was smaller yesterday. It was
smaller still a century ago and yet more minuscule nearly a millennium ago when
Grossteste’s ghost was supposedly seeing-off the Pope. And so how far back does this
expansion go? It is Hubble's Law that tells us how much expansion there has been since

the Big Bang. Rewinding the clock on this expansion tells us when the expansion started. At
this earliest moment in the universe's history, every part of the modern cosmos was
concentrated down into an infinitely small speck. This little piece of nothingness is what
Lemaitre called the “Primeval Atom” - today, astronomers call it the Big Bang. And
rewinding Hubble’s Law timestamps the beginning of this expansion at around 13.8 billion
years ago. The very name of the event - The Big Bang - calls to mind some kind of explosion,
one that continues to drive the ongoing
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expansion of the universe even to this day. Understandably, people then ask astronomers for

(03)- rychlejsi automaticky znamena, Ze vesmir se musi rozpinat. Anebo se rozbaluje
https://www.hypothesis-of-universe.com/docs/c/c_032.gif opakuji: ,,rychleji* na zacatku a
S pfibyvajicimi miliardami let stale pomaleji a pomaleji, protoZe se uz nema ,,co* rozbalovat,
kiivost je totiz uz od cca prvni miliardy do 13,8 miliardy let stadle mensi...Myslim, Ze
hnupové, co me urazeli 20 let a dodnes urazi a mazou mi vSechny piispévky na YouTube, ze
to pochopili, ... uz pochopili. Pojd’'me tedy odkaz pfibit znamé&j$im piikladem néceho jiného,
co se rozsifuje: chlebem. Chleba s rozinkami - abych byl pfesny. Pfedstavte si michani a
hnéteni tésta, nez ho vloZite do trouby na hodinu k peceni. Za tu dobu zdvojnasobi svou
velikost a poskytne vam chutnou pochoutku. Ale ted’ si pfedstavte, Ze se polozite na jednu z
rozinek a divate se kolem sebe na dalsi rozinky, jak tésto kyne. Rozinka, ktera byla piivodné
od vas vzdalena jeden centimetr, skon¢i na konci doby peceni dva centimetry. Za hodinu se
posune o jeden centimetr. Pokud byla rozinka od vas na zacatku jiz dva centimetry, skon¢i
Ctyfi centimetry daleko a pohybuje se zdanlivou rychlosti dva centimetry za hodinu. Tteti
rozinka zpocatku ve vzdalenosti tii centimetri by dokoncila peceni ve vzdalenosti Sesti
centimetrd, ziejme se pohybovala rychlosti tii centimetry za hodinu.

12:03



https://www.hypothesis-of-universe.com/docs/c/c_032.gif

Jinymi slovy, ¢im vétsi je poCateéni mezera mezi vami a rozinkou, tim rychleji uvidite, jak se
od vas vzdaluje. Pro¢? Protoze se tésto roztahuje. V ,,nasem* staii vesmiru 13,8 miliard let je
ktivost globalni (skoro)nulova...rozbaluji se uz jen lokality (?) Nevim, (nejsem vsevéd). ..
Neni to tak, Ze by se rozinky pohybovaly téstem. Ani se n¢jak nepfidava dalsi tésto. Misto
toho je mezera mezi rozinkami natazena expanzi stavajiciho tésta. Cim vice tésta bylo mezi
vami a rozinkou na za¢atku, tim vyraznéjsi byl ti¢inek jejiho rozpindni. Hubbletiv zakon
nabizi stejné vysvétleni pro galaxie. Jak si Slipher uvédomil, zda se, Ze vétSina od nés utika,
ale samotné galaxie vesmirem neutikaji. Ale jesté se asi rozbaluji... Misto toho se prostor
mezi galaxiemi rozsifuje a unasi je stale dale od nas. Cim vice prostoru bylo na za¢atku -
jinymi slovy ¢im déle je galaxie od nés a bliz ke Ttesku - tim rychleji se bude zdat, ze se
vzdaluje. Neptidava se zadny novy prostor, 600, to se nevi. Mozna Vesmir ,roste”, tedy ta
,kiiva lokalita“=Nas Vesmir, co plave v nekonecném plochém casoprostoru... pouze se
protahuje stavajici prostor. Protahuje znamena ,,co®“? To umoziuje Obecna teorie relativity -
prostor a
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¢as jsou poddajné, nestalé véci. A praveé rozpinani vesmiru mé na svédomi 1 vyraznéjsi
cerveny posuv vzdalenéjSich galaxii, které Slipher zahlédl. Jsem piesvédcen, ze Cerveny
posuv je diukazem ,,pootaceni soustav®, soustavy pozorovaného objektu (napt. kvasar) a
soustavy Pozorovatele ,,pasované¢ho® do klidu. Jak svételné viny putovaly k Zemi, byly
natazeny, jak se prostor, kterym putovaly, zvétSoval. A mozna to nebylo (a neni) natazeni
vinovych délek, ale je to efekt pootaceni Casoprostoru, kiivost dimenzi. ..
https://www.hypothesis-of-universe.com/docs/c/c_230.jpg ; https://www.hypothesis-of-
universe.com/docs/c/c_231.jpg Cervené svétlo ma ze viech barev duhy nejdelsi viny. Cim
vice prostoru muselo svétlo projit, aby se sem dostalo, tim blize k ¢ervenému konci spektra se
spektralni ¢ary objevi. Toto je dobra ilustrace dalsiho jemného bodu, ktery ¢asto znepokojuje
lidi, kdyz jde o plné pochopeni rozpinajiciho se vesmiru. Lidé se ¢asto ptaji, co se stane s
energii, kdyZ se vesmir rozpina. Uspora energie je jednim z nejznamgjsich fyzikalnich
zakont, ktery fikd, ze energii nelze vytvofit ani zniCit a Ze celkova energie systému musi
zustat stejna. Energie se vSak v rozpinajicim se vesmiru neuchovava.
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Pravidlo zachovéni energie plati pro druh fyziky pokryty tfemi slavnymi zdkony pohybu
Isaaca Newtona, kde se ¢astice pohybuji skrz neskodny prostor pozadi, ktery se neméni.
Prostor se vSak v rozpinajicim se vesmiru neustale méni, a tak celkova energie Castic, které se
jim pohybuiji, neni zachovana stejnym zptisobem. Cervené posunuté svétlo je dokonalym
ptikladem. Jak expanze natahuje svételné viny, ztraceji energii. A kdyz to neni >natahovani
vIn< ale pootaceni soustav ¢ili fikce o vinovych délkach, https://www.hypothesis-of-
universe.com/docs/c/c_231.jpg pak se ani ta energie neztraci... Celkova energie vsech fotont
dopadajicich na Zemi klesa, neni zachovana. A toto rozpinani vesmiru vede také k dal§imu
kuriéznimu efektu. Svétlu z nejstarSich udalosti trva dorazit déle, protoZze muselo urazit
dlouhou cestu rozpinajicim se vesmirem, aby se sem dostalo. To jsk se rozbaluje ¢as, to
nevim, ale ,,spekulace o tom mam... Vysledkem je, Ze se zda, Z¢ nejstarsi objekty ve
vesmiru se vyvijeji téméf pétkrat pomaleji nezZ stejné udalosti dnes. To ale popirda Webitiv
teleskop (?!)

15:12 To, ze se vesmir rozpind, je jasné, ale kdy presné toto rozpinani zacalo? No, pokud se
vesmir den ode dne zvétSuje, pak byl véera mensi. Jeste pred sto lety byl mensi a téméf pred
tisiciletimi jesté nepatrnéjsi, kdyz Grosstestetiv duch udajné vyprovazel papeze. A jak daleko
zpét saha tato expanze? Je to Hubbletv zakon, ktery nam tika, chybny jak velka expanze
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doslo od Velkého tresku. Pretoceni hodin na tomto rozsifeni nam tika, kdy rozsifeni zacalo.
Mozna se hodiny pfetaceji ,,uvniti galaxie jinym tempem, nez ,,mimo galaxii (?) vime to
presné? Je tempo plynuti Casu stale stejné?, neni. V tomto nejranéj$§im okamziku historie
vesmiru byla kazda ¢ast moderniho kosmu soustfedéna do nekone¢né malé skvrnky. Tento
maly kousek nicoty je tim, co Lemaitre nazval ,,pravékym atomem* — dnes tomu astronomové
fikaji Velky tresk. A pfetoceni Hubbleova zdkona znamena zacatek této expanze zhruba pied
13,8 miliardami let. Samotny nazev akce — Velky tfesk — pfipomina né&jaky druh exploze,
kter& nadale pohani probihajici
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expanze vesmiru dodnes. Je pochopitelné, ze lidé potom astronomové zadaji

(04)- the location of the explosion. To point them to the place in the universe where the Big
Bang banged. Where is the centre of the universe? After all, if a bomb exploded in a room
then investigators sent in in the aftermath could piece together the necessary clues from the
shrapnel and debris to work out where in the room the bomb went off. So why can’t the same
be done with the Big Bang? Well, the Big Bang created the universe. If a bomb exploded,
and in doing so created a room, then it would make no sense to ask where in that room the
bomb detonated. After all, the room didn’t exist before the explosion. In an

expanding universe everyone thinks that they are at the centre of the expansion, when in fact
there is no centre at all. And so - It's clear that the universe isn’t
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expanding from anywhere, but then what is it expanding into? It is one of the other

questions most frequently asked of astronomers, but also one that turns out to be trickier to
answer than it first appears, with deep and profound consequences for the way we understand
the universe...

The Shape Of The Universe

The view is magnificently monochrome as you hurtle high above the surface of the Moon.
Prehistoric craters, smooth lava plains, soaring mountains and spindly volcanic rilles
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jut and spread for as far as the eye can see. An ancient, empty wasteland touched only by
twelve pairs of American boots in billions of years. Flying over the jagged lunar landscape is
more than just breathtaking. It is also a journey through the history of science. You’ll

find crater after crater named after the most towering figures ever to contemplate the cosmos.
Indeed, this roll-call of celestial greatness includes Einstein, Hubble, Slipher and Lemaitre.
And it also includes two craters that sit on opposite sides of the Moon - one on the northern
nearside and the other on the southern far side. Their geographical juxtaposition is apt because
the two physicists they are named after - Wilhelm de Sitter and Hermann Minkowski -

also lend their names to opposing possibilities for the shape of our universe. Which one turns
out to be correct governs whether or not the cosmos will ever end - and has important
consequences for our question of what exactly the universe is expanding into. Minkowski was
once Einstein's professor. They didn't always see eye to eye, however. “He's a lazy dog who
never bothered about mathematics at all,” Minkowski once said of the most famous scientist
who has ever lived. Indeed, Minkowski was far closer to the legendary German
mathematician David Hilbert, who wrote a touching obituary of his friend. Referring to their
shared scientific work, Hilbert said: “It seemed to us a garden full of flowers. In it, we
enjoyed looking for hidden pathways and discovered many a new perspective that appealed to



our sense of beauty, and when one of us showed it to the other and we marvelled over it
together, our joy was complete.” de Sitter, on the other hand, was born in 1872 to a judge, the
latest in a long line of lawyers stretching back generations. However, Wilhelm would abandon
enforcing the rule of law for a chance to understand the hidden rules of the universe.When
he died of pneumonia in 1934, the New Times wrote of him: “He is not a cold, dispassionate
juggler of Greek letters, a balancer of equations, but rather an artist... Only the musician can
fully grasp what it must have meant to de Sitter to see the cosmos shaping itself in new ways
in his formulas.” And it is for their work on the overall shape of the universe that the two
men are most remembered today. Minkowski space and de Sitter space are different ways to
describe the way in which the fabric of the universe curves. Minkowski space is usually
referred to as ‘flat’, which is not intuitively the clearest way to describe it - because to
astronomers and mathematicians, ‘flat’ doesn’t necessarily mean two dimensional like
21:00

a flat sheet. Instead it refers to space that has zero intrinsic curvature. Indeed, shortly we’ll
encounter multiple examples of ‘flat’ shapes that are very much three dimensional. Shapes
drawn in Minkowski space follow the rules of Euclidean geometry, named after the Ancient
Greek mathematician Euclid. Euclidean geometry may sound unfamiliar, but it is the bedrock
of high school mathematics. Triangles drawn in Minkowski space, for example, have angles
that add up to 180 degrees, just as our teachers repeatedly tried to drum into us. Parallel lines
stay parallel - forever. What your teachers probably didn’t tell you, though, is that this isn’t
true for all triangles. And to see why, let’s return to the Moon... Imagine yourself atop the
lunar North Pole. You travel down towards the lunar equator, crossing the de Sitter crater on

(04)- misto vybuchu. Ukazat je na misto ve vesmiru, kde udetil Velky tfesk. Kde je stied
vesmiru? Koneckoncti, pokud v mistnosti vybuchla bomba, vysetfovatelé vyslani v disledku
toho mohli poskladat potfebné stopy ze Srapnelu a trosek, aby zjistili, kde v mistnosti bomba
vybuchla. Pro¢ tedy nelze totéz udélat s Velkym tieskem? (*) Velky tiesk vytvoril vesmir.
M1j model je jiny. Vesky tfesk nevytvofil Vesmir. Velky tfesk byl/byla ,,zména stavu*
ptedchoziho, kde byl pouze plochy 3+3D Casoprostor s k =0, bez hmoty ( nekone¢ny, bez
plynuti ¢asu, bez zakond.. ). Po tfesku nastala zména stavu kiivosti dimenzi plochych na stav
S k = nekonecno. Nyni byl ,,stoustén* tok-plynuti Casu, spusténo rozbalovabi dimenzi,
rekrutovaly se zdkony (zakony ,,se rodily* a fasily se do posloupnosti, viz vyklad jinde).
Kitivosti dimenzi z k= infinity klesaly exponencialn¢ do ,,piijatelnych* velikosti, stav vesmiru
se zahajuje plazmou, tj. péna dimenzi, viici vakuum a rodi se elementérni ¢éstice ,,balenim*
dimenzi do klubicek, jsou ,,nastaveny* 4 fyzikalni zdkony chovani hmoty kontra ¢asoprostor.
BB byl prvni tfesk, zakladni zména stavu a po ni se rozviji dal$i zmény stavii, koSaty strom,
do ohromnych kosatosti zmén ( az do ,,big-cruichu®, kdy v té neskute¢né ,,konecné*
budoucnosti opét dojde ke zpomaleni zmén stavi, utlum a...a podle Penrose k cyklické nové
zméné z k=0 na k= inf,, ¢ili Vesmir ¢.2, a...a opét v dalsi budoucnosti Vesmir €. 3, Vesmir €.
4 atd. ; Vesmir €. ,,n“. - - Opakuji ndzor: BB nevytvofil >velVesmir<. Velky tfesk vytvofil
,,nas vesmir s hmotou, ktera se rodi ,,balickovanim dimenzi* ; https://www.hypothesis-of-
universe.com/index.php?nav=e ; Ja jsem na této vizi pracoval 10 let. Pokud by bomba
explodovala a vytvortila tim mistnost, pak by nemélo smysl ptat se, kde v té¢ mistnosti bomba
vybuchla. Koneckoncti, mistnost pted vybuchem neexistovala. Mistnost ne, ale Vesmir ano.
Existoval ve formé& ,,vSestrann¢ inertniho ¢asoprostoru®. A kde se ten vzal? No, nevim, to vi
jen Bih. Dimenze Casoprostoru si Ize piedstavit jako tf1 nekonecné ptimky délkové a tfi
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nekonedné ,,nitky* ¢asové. Ces netika, ¢as béZi aZ tehdy kdyZ se kiivost ¢asovych dimenzi
zaéne rozbalovat. Cas tik az tehdy, kdy se po dimenzi ¢asové zacne pohybovat-posouvat
objekt — subjékt, ktery ukrajuje Easové intervaly. Takze Cas jakozto veli¢ina neb&Zi, netika.. .,
Iéas nebézi nam, ale my bézime jemu, my po éasel. .., objekt po Case, a to muze byt i >kursor<,
cokoliv co ukrajuje intervaly. - - Mam spoustu vykladu vizi ,,0 ¢ase®, ,,0 rozbalovani
dimenzi®, jenZe je zbytecné to stale dokolecka (22 let) opakovat, to je na zblbnuti. I A tak ,,do
&eho se rozpina nekoneéna ptimka? No pootadi se az po 90° vidite jen >bod<, a pak se pootaci
druha ptimka ,,y* az z ni je bod, a pak se pootadi treti ptimka ,,z*“ a je z ni bod,
(jako je Biih trojjediny ). Nyni nastane _ , Cili zména stavu
na stav ,,NIC*....pak zase zména stavu a nastane ,,NECO*, pak...a cyklicky se to opakuje, nic
a néco, néco je nekonecné a nic je konecné... anebo obracené (!), ze (?). Co je tedy Buh? =
Nic a N¢co....nic = néco - tady uz je Buh nikoliv trojjediny, ale dvojjediny. © Musim konc¢it
vypravéni, aby na mé Petrasek neposlal psychiatry. V rozpinajicim se vesmiru si kazdy mysli,
ze je ve stiedu rozpinani, i kdyZ ve skutecnosti zadny stied neexistuje. A tak — je jasné, ze
vesmir neni
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expanduje odkudkoli, ale [do &eho pak expanduje? Je to jedna z dalsich otazek, které

vvvvvv

nez se na prvni pohled zd4, O.K., s hlubokymi a hlubokymi diisledky pro zptsob, jakym
chapeme vesmir... JA mam HDV ...

Tvar Vesmiru. Pohled je nadherné monochromaticky, kdyz se fitite vysoko nad povrch
Mg¢sice. Prehistorické kratery, hladké lavové plané, tycici se hory a tenké sopecné utesy
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vycCnivat a §ifit, kam az oko dohlédne. Prastara prazdné pustina, které se za miliardy let dotklo
jen dvanact part americkych bot. Létani nad rozeklanou mésicni krajinou je vic nez jen
dechberouci. Je to také cesta d¢jinami védy. Najdete krater po krateru pojmenovaném po
nejvznesenéjsich postavach, které kdy vesmiru. I ja... Skute¢n¢, tato piezdivka
nebeské velikosti zahrnuje Einsteina, Hubblea, Sliphera a Lemaitra. (!) A zahrnuje také dva
kratery, které se nachazeji na opa¢nych stranach Mé&sice - jeden na severni pfivracené strané a
druhy na jizni pfivracené strané. Jejich zemépisné srovnani je vystizné, protoze dva fyzici, po
kterych jsou pojmenovani — Wilhelm de Sitter a Hermann Minkowski — také proptjcuji sva
jména protichiidnym moZnostem tvaru naSeho vesmiru. Ktera z nich se ukaZe jako spravna,
urcuje, zda vesmir nékdy skon¢i nebo ne Roger Penrose... —a ma dilezité disledky pro nasi
otazku, [do Eeho presné se vesmir rozpinal. Do dvojjediného bodu = Biih. Minkowski byl kdysi
Einsteinovym profesorem. Ne vzdy si vSak vidéli z o¢i do o¢i. ,,Je to liny pes, ktery se nikdy
nezabyval matematikou,* fekl kdysi Minkowski o nejslavnéj$im védci, ktery kdy zil. | ja lituji
toho, ze té matematice pfili§ nerozumim...uz bych byl s tou HDV hotov. Minkowski mé¢l
skuteéné mnohem blize k legendarnimu némeckému matematikovi Davidu Hilbertovi, ktery
napsal dojemny nekrolog svého pfitele. S odkazem na jejich spole¢nou védeckou praci Hilbert
fekl: ,,Pfipadalo ndm to jako zahrada plna kvétin. Bavilo nas v ném hledat skryté cesty a
objevovat mnohé nové perspektivy, které oslovovaly na§ smysl pro krésu, a kdyz to jeden z
nas ukazal druhému a spole¢né jsme nad tim zasli, naSe radost byla uplna.“ Ja jsem singl, a je
mi z toho smutno, strasné¢,...strasn¢, ze mij model nikdo necte. (vinikem je Ondfej Rotter na
80%). Je to nesmirna potupa, ktera mé dusi. Na druhé strané de Sitter se narodil v roce 1872
soudci, poslednimu z dlouhé¢ fady pravnika tdhnoucich se po generace. Wilhelm by se vSak
vzdal vymahani pravniho statu, aby mél Sanci porozumét skrytym pravidlim vesmiru. Kdyz v




roce 1934 zemfel na zapal plic, Novy Cas o ném napsal: , Neni chladny, nezaujaty Zonglér s
feckymi pismeny, vyvazovac rovnic, ale spise umélec ... Jen hudebnik dokaze plné pochopit,
co to muselo znamenat ve svych comossharech de Sitter. A pravé pro jejich praci na
celkovém tvaru vesmiru jsou dnes oba muzi nejvice pfipominani. Minkowskeho prostor a de
Sitteriv prostor jSOU [rizné zpﬁsoby{, jak popsat zptsob, jakym se struktura vesmiru
zaktivuje. Ano, rizné zpusoby jak popsat... https://www.hypothesis-of-
universe.com/docs/eng/eng_096.pdf (A) ; https://www.hypothesis-of-
universe.com/docs/aa/aa_078.pdf (CZ) ; https://www.hypothesis-of-
universe.com/docs/c/c_310.jpg Minkowského prostor je obvykle oznacovan jako ,,plochy*,
coz neni intuitivné nejjasnéjsi zptisob, jak jej popsat — protoze pro astronomy a matematiky
»plochy* nutn¢ neznamena dvourozmérny
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plochy list. Misto toho se odkazuje na prostor, ktery méa \nulové vnitini zakfiveni\. O.K. k=0
Ve skute€nosti se brzy setkdme s mnoha piiklady ,,plochych* tvart, které jsou velmi
trojrozmérné. Tvary nakreslené v Minkowského prostoru se fidi pravidly euklidovské
geometrie, pojmenované po starovékém feckém matematikovi Euklidovi. Euklidovska
geometrie mize znit nezndmé, ale je zakladem stfedoskolské matematiky. Trojihelniky
nakreslené v Minkowského prostoru maji naptiklad uhly, které s¢itaji az 180 stupiiti, stejné
jako se do nas nasi ucitelé opakované pokouseli bubnovat. Paralelni ¢ary ziistanou
rovnobézné - navzdy. Vasi ucitelé vam vSak pravdépodobné netekli, Ze to neplati pro vSechny
trojuhelniky. A abychom vidéli pro¢, vratme se na Mésic... Pfedstavte si, Ze jste na lunarnim
severnim polu. Cestujete dolid smérem k mési¢nimu rovniku a ptekracujete krater de Sitter

(05)- the way. Upon reaching the equator you take a 90 degree turn, travel along the equator
for a while, then take another 90 degree turn that sets you back on a path back to your starting
point on the North Pole. Your entire journey traces
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out a triangle across the craggy lunar surface. However, the base of this triangle already has
two angles each equal to 90 degrees. The other angle at the North Pole is not zero and so the
angles in this triangle must add up to more than 180 degrees. In fact, it is possible for a
triangle drawn on a sphere to contain up to 540 degrees. This is an example of non-Euclidean
geometry. A similarly shaped universe is referred to as closed. Just like circumnavigating the
Moon or the Earth, even if you travel in a straight line you’ll still eventually loop back round
and return to where you started. Space with positive curvature is also known as de Sitter
space.
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There is a third possibility, however: anti de Sitter space. In this version of non-

Euclidean geometry, the angles in a triangle add up to fewer than 180 degrees. This is due to
the negative curvature of the space, similar to the shape of a saddle or even a Pringles chip. A
universe shaped like this is referred to as open. The negative curvature 'pinches' the angles of
the triangle, causing them to sum to less than 180 degrees. So of this trio of options, which
kind of universe do we live in? Open, closed, or flat? We can imagine a spaceship tracing a
giant triangle in the sky in an attempt to answer this question. They could fly for millions of
light years across the universe, before returning to the Earth - a mega version of the triangle
we drew on the lunar surface. If, like on the Moon, they needed to turn through more than 180
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degrees to complete the triangle, we’d conclude that the universe is positively curved. If they
managed to pull it off by travelling through fewer than 180 degrees then that would indicate
negative curvature. Only if their triangular path contained exactly180 degrees would the
universe be flat. Unfortunately, no astronauts have yet ventured further than the Moon and
even our most distant spacecraft won’t reach the nearest stars for tens of thousands of years.
Let alone leaving the galaxy and flying for millions of light years.Thankfully, there is
something else that has already travelled across the universe for billions of light years: the
light from the Cosmic Microwave Background, the leftover radiation from near the birth of
the universe.
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Look at a map of the Cosmic Microwave Background and it is speckled with tiny
temperature variations. Small regions a little hotter or cooler than the average. They
correspond to areas of the baby universe that were a little denser or sparser. These regions
were the seeds from which structure in the adolescent universe emerged. Denser regions
gradually pulled in more material to construct huge superclusters of galaxies. Empty regions
became larger as a result, fashioning enormous supervoids. Knowing the expansion history
of the universe from Hubble’s Law, astronomers can work backwards from the
megastructures in the modern universe to predict the size of the speckles in the CMB. The
answer they get matches their observations perfectly. And this tells us that the light from the
CMB has travelled through a flat universe to reach us, one governed by the rules of
Minkowski space.
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Next, astronomers have to try and work out what's called the topology of the universe. To
understand what is meant by topology, imagine two shapes each made out of modelling clay.
If you can remould one of the shapes into the other without tearing the clay then the two
shapes share the same topology. A doughnut, for example, is a match for a teacup — the hole
in the handle of the cup can be reworked into the hole in the centre of the doughnut without
needing to make any tears. The universe could resemble a giant sheet of paper. If you curl
that sheet up you get a cylinder and if you join the ends of the cylinder together you get a
donut — a shape mathematicians call a torus. All of these topologies are considered flat
because the angles in any triangle drawn on them add up to 180 degrees. There are, however,
a total of 18 different
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3D topologies consistent with a flat universe that follow the rules of Euclidean geometry.
Indeed, by far the simplest option is the first: that, like an endless stretched out piece of
paper, the universe just continues on and on forever. An infinite universe. That’s impossible
for a closed universe. As we’ve seen, you’ll always eventually end up back where you
started and the journey of our intrepid explorers would be finite. If the universe is indeed

(05) - cesta. Po dosazeni rovniku se otocite o 90 stupniti, budete chvili cestovat podél rovniku
a poté se otocite o dalSich 90 stupnii, které vas vrati na cestu zpét k vychozimu bodu na
severnim pélu. Trasy celé vasi cesty
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ven trojuhelnik ptes skalnaty mésicni povrch. Zékladna tohoto trojuhelniku vSak jiz méa dva
uhly rovné 90 stupiitim. Druhy thel na severnim po6lu neni nulovy, takze thly v tomto
trojihelniku musi dat dohromady vice nez 180 stupiii. Ve skuteCnosti je mozné, aby



trojihelnik nakresleny na kouli obsahoval az 540 stupiiti. Toto je priklad neeuklidovské
geometrie. Podobné tvarovany vesmir je oznacovan jako uzavieny. Stejné jako pfi obepluti
Mg¢sice nebo Zemé, i kdyz cestujete v pifimé linii, nakonec se stejn¢ vratite zpét a vratite se
tam, kde jste zacali. Prostor s pozitivnim zakiivenim je také znamy jako de Sittertiv prostor.
23:02

Existuje vSak jesté tieti moznost: anti de SitterGv prostor. V této verzi neeuklidovské
geometrie tvoii thly v trojuhelniku mén¢ nez 180 stupiiti. Miize za to negativni zakiiveni
prostoru, podobné tvaru sedla nebo dokonce Cipu Pringles. Takto tvarovany vesmir se nazyva
otevieny. Zaporné zaktiveni ,,svira“ uhly trojuhelniku, coz zpiisobi, Ze soucet je mensi nez
180 stupiiti. Takze z této trojice moznosti, ve kterém druhu vesmiru zijeme? Oteviené,
uzaviené nebo ploché? Muizeme si piedstavit vesmirnou lod’, ktera sleduje na obloze obii
trojuhelnik ve snaze odpovédét na tuto otazku. Mohli 1état miliony svételnych let napiic
vesmirem, nez se vratili na Zemi - mega verze trojuhelniku, ktery jsme nakreslili na mésicni
povrch. Pokud by se jako na M¢sici potiebovali otocit o vice nez 180 stupnidi, aby dokon¢ili
trojuhelnik, dosli bychom k zavéru, Ze vesmir je pozitivné zakiiveny. Pokud by se jim to
podaftilo vytdhnout cestovanim o méné nez 180 stupnd, znamenalo by to negativni zakiiveni.
Pouze kdyby jejich trojuhelnikova draha obsahovala ptesné 180 stupiili, byl by vesmir plochy.
Bohuzel, Zadni astronauti se dosud neodvazili ddle nez na M¢sic a ani nasSe nejvzdalené;si
kosmicka lod’ nedosahne nejblizsich hvézd po desitky tisic let. Natoz opustit galaxii a 1état
miliony svételnych let. Nastésti existuje jesté néco, co uz proslo vesmirem miliardy
svételnych let: svétlo z kosmického mikrovinného pozadi, zbytky zareni z doby blizko zrodu
vesmiru.
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Podivejte se na mapu kosmickeho mikrovinného pozadi a je poseta drobnymi teplotnimi
odchylkami. Mal¢ oblasti o néco teplejsi nebo chladné&jsi nez je primér. Odpovidaji oblastem
détského vesmiru, které byly o néco hustsi nebo fidsi. Tyto oblasti byly semeny, ze kterych se
objevila struktura v dospivajicim vesmiru. Hustsi oblasti postupné ptitahovaly dalSi material,
aby vytvorily obrovské superkupy galaxii. Prazdné oblasti se v diisledku toho zvétsily a
vytvoftily obrovské supervoidy. Vzhledem k tomu, Ze astronomové znaji historii expanze
vesmiru z Hubbleova zékona, ex mohou pracovat zpétné od megastruktur v modernim
vesmiru, aby piedpovédéli velikost skvin v CMB. Odpovéd’, kterou dostanou, dokonale
odpovida jejich pozorovani. A to nam tika, Ze svétlo z CMB proslo plochym vesmirem,
proslo nikoliv >plochym vesmirem<, ale plochym cCasoprostorem (mezigalaktickym) aby se
dostalo az k nam, ktery se fidi pravidly Minkowského prostoru.
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Déle se astronomové musi pokusit zjistit, co se nazyva topologie vesmiru. Abyste pochopili,
co znamena topologie, predstavte si dva tvary, z nichz kazdy je vyroben z modelovaci hmoty.
Pokud dokazete pretvofit jeden z tvarti na druhy, aniz byste roztrhali hlinu, pak oba tvary
sdileji stejnou topologii. Kobliha se naptiklad hodi ke $alku — otvor v rukojeti Salku lze
pfepracovat do otvoru ve stfedu donutu, anizZ by bylo nutné trhat. Vesmir by mohl pfipominat
obfi list papiru. Pokud tento list stocite, ziskate valec a pokud spojite konce valce dohromady,
ziskate koblihu — tvar, kterému matematici fikaji torus. Hezka ukazka zde
https://www.hypothesis-of-universe.com/docs/c/c_423.gif ; Vsechny tyto topologie jsou
povazovany za ploché, protoze thly v jakémkoli trojihelniku nakresleném na nich tvoii 180
stupnti. Existuje vSak celkem 18 riiznych

27:06
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3D topologie konzistentni s plochym vesmirem, které se fidi pravidly euklidovské geometrie.
Zdaleka nejjednodussi moznosti je skutené ta prvni: ze vesmir jako nekonecny natazeny kus
papiru prost¢ pokracuje dal a dal navzdy. Vesmir ne, ale Casoprostor ano (!) Nekonecny
vesmir. To je pro uzavieny vesmir nemozné. Jak jsme vidéli, vzdy nakonec skoncite tam, kde
jste zacali, a cesta naSich neohrozenych prizkumnikt by byla kone¢na. Pokud
skutecné je

(06)- infinite then it isn’t expanding into anything. It can’t be getting bigger to occupy
more space as the space that’s there is already infinite. But is the universe really infinite? Not
in some of the other topologies that fit with our observations of the Cosmic Microwave
Background and the apparent flatness of the universe. Take one of them, a shape known as
the 3-torus. Imagine taking an ordinary cube, then bending a pair of opposite sides around
and gluing them together. Then do the same for the other two pairs of sides. The result is a 3-
torus. If the universe is shaped like this then travelling away from the Earth in a straight line
would eventually see you return to the Earth on a finite, closed loop. Other flat topologies also
have these closed loops, including the so-called Hantzsche—Wendt manifold. It can be
constructed by starting with two cubes stuck together and then bending the different faces
around to join one another. If the universe really has such closed loops then we could be
living in a cosmic hall of mirrors. Light following a closed loop could result in us seeing the
same object in different parts of the sky as its light is bent back around. Astronomers have
looked for repeating, connected patterns in the Cosmic Microwave Background, but are yet
to see anything significant. So it remains hard to
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say if the universe is infinite or not. The Hantzsche-Wendt manifold has received particular
attention because its complex geometry would actually obscure the repeating patterns, which
might be why astronomers haven't seen them. To make matters worse, astronomers aren't
even 100 per cent sure that the universe is actually flat in the first place. In cosmology this
dilemma has become known as the “flatness problem”. Strictly speaking, astronomers have
used the Cosmic Microwave Background to measure the flatness of the observable universe —
the bit they are able to see. There is thought to be more universe beyond this imaginary
boundary. This leaves astronomers with two competing options. The first is that the entire
universe is flat — the bit they can see and the bit that they can't. However, when astronomers
calculate the odds of this happening they are astronomically small. The alternative is that the
Big Bang has expanded the universe to such a degree
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that any curvature the observable universe initially had was ironed out. This is similar to how
the Earth appears to be flat beneath your feet, despite the fact that the Earth's surface is
curved. That curvature is only noticeable above a certain scale and in the cosmos that scale
could well be beyond the edge of the observable universe. Except, Hubble's Law tells us how
much expansion there has been since the Big Bang 13.8 billion years ago. And there simply
hasn't been enough to completely smooth out the observable universe. The most commonly
accepted fix to this problem is a theory known as cosmic inflation. It injects a period of super-
rapid expansion in the universe's first fractions of a second over and above Hubble's Law.
Inflation also explains those tiny speckles in the Cosmic Microwave Background, which
shouldn't be there according to the original Big Bang theory. According to inflation, the
speckles are the result of tiny quantum fluctuations frozen into the universe forever
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when it suddenly ballooned in size. But as yet there's evidence that this short, sharp period of
Hubble expansion on steroids really happened. Finding definitive evidence for inflation
would put the possibility of a non-flat and therefore finite universe firmly back on the table.
Yet with that the nagging question of what the universe is expanding into re-emerges.
Although, as it turns out, we don't necessarily need for it to be expanding into anything at
all... It is the late 1780s. The United States of

Embedding Space

America has yet to reach its teenage years. France is about to descend into a chaotic
revolution that would eventually see King Louis XVI meet the business end of a guillotine.
And meanwhile, in Germany, a young schoolboy by the name of Carl Friedrich Gauss is
sitting in a classroom
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listening attentively in a mathematics lesson. The teacher has just set the students a task.
They must add up all the numbers from 1 to 100. Within seconds Gauss pipes up: “5050, sir”.
The teacher’s jaw drops faster than a guillo tine blade. It is unclear whether this ever really
happened. The story has joined the annals of other likely apocryphal tales in the history

of science. Think Archimedes running naked down the street or the apple falling on Newton’s
head. Indeed, the trick to arriving at 5050 within just a few heartbeats is to realise that

you don’t actually have to tediously add up all the numbers. Instead, you pair the numbers off.
1 with 100. 2 with 99. 3 with 98 and so on. Each pair will always add together to make 101.

(06)- nekonecny, pak se nerozsiti do ni¢eho. Jisté. Jenze nekonecny je pouze casoprostor a
Vesmir (nas, zj. Po Ttesku kifivy s hmotou) je konecny, je to lokalita ,,vnofend* do
nekonecnéeho Casoprostoru. NemtiZze byt vétsi, aby zabiral vice mista, protoze prostor, ktery
tam je, je jiz nekonecny. Je ale skutecné nekone¢ny? Ziejme neni, Casoprostor
nekonecny je... Ne v nékterych jinych topologiich, které odpovidaji nasim pozorovanim
kosmického mikrovlnného pozadi a zdanlivé plochosti vesmiru. Vezméte si jeden z nich, tvar
zndmy jako 3-torus. Pfedstavte si, Ze vezmete obycejnou kostku, pak ohnete par protilehlych
stran a slepite je dohromady. Poté udélejte totéz pro dalsi dva pary stran. Vysledkem je 3-
torus. Je-li vesmir tvarovan takto, pak pfi cestovani pry¢ od Zemé& po pfimce by nakonec
doSlo k navratu na Zemi v konecné uzaviené smycce. Jiné ploché topologie maji také tyto
uzaviené smycky, véetné tzv. Hantzsche—~Wendtova manifoldu. Lze jej postavit tak, Ze
zacnete se dvéma kostkami ptilepenymi k sobé a poté ohybanim riznych ploch dokola, aby se
vzajemné spojily. Pokud ma vesmir skute¢né takové uzaviené smycky, pak bychom mohli zit
v kosmicke zrcadlove sini. ?? Svétlo sledujici uzavienou smyc¢ku by mohlo vést k tomu, Ze
vidime stejny objekt v riznych ¢astech oblohy, kdyZ se jeho svétlo ohyba zpét. Astronomové
hledali opakujici se propojené vzory na kosmickém mikrovinném pozadi, ale zatim nevidi nic
vyznamného. TakZe to zlstava tézkeé
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fici, zda je vesmir nekonecny nebo ne. Vesmir ne, ale casoprosotr, v némz Vesmir ,,plave*
ano. Hantzsche-Wendtova varieta ziskala zvlastni pozornost, protoze jeji slozita geometrie by
ve skutec¢nosti zakryla opakujici se vzory, coz muze byt diivod, pro¢ je astronomové nevidéli.
Aby toho nebylo malo, astronomové si ani na 100 procent nejsou jisti, Ze vesmir je v prvni
fadé skute¢né plochy. Vesmir s hmotou neni.V kosmologii se toto dilema stalo znamym jako
,»problém plochosti“. Pfesné fe€eno, astronomové pouzili kosmické mikrovinné pozadi k



méteni plochosti pozorovatelného vesmiru — kousku, ktery jsou schopni vidét. Pfedpoklada
Se, ze za touto pomyslnou hranici je vice vesmiru. To ponechdva astronomtim dvé
konkuren¢ni moznosti. Prvni je, ze cely vesmir je plochy — ¢ast, kterou vidi, a ¢ast, kterou
nevidi. Kdyz vSak astronomové spocitaji pravdépodobnost, ze k tomu dojde, jsou
astronomicky malé. Alternativou je, ze Velky tfesk rozsitil vesmir Velky tfesk nic nerozsifil,
velky tresk je ,,zména stavu®... do takové miry
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ze jakékoli zaktiveni, které pozorovatelny vesmir zpocatku mél, bylo vyzehleno. Je to
podobné tomu, jak se Zemé pod vasima nohama jevi jako plochd, navzdory skutecnosti, ze
zemsky povrch je zaktiveny. Toto zakfiveni je patrné pouze nad urcitym métitkem a ve
vesmiru by toto métitko mohlo byt za okrajem pozorovatelného vesmiru. Az na to, Ze
Hubbletv zakon nam tik4, k jak velké expanzi doslo od velkého tfesku pred 13,8 miliardami
let. A na uplné vyhlazeni pozorovatelného vesmiru toho prosté nebylo dost. ?? Nejcastéji
ptfijimanym feSenim tohoto problému je teorie znama jako kosmickd inflace. Vnasi do
vesmiru obdobi superrychlé expanze v prvnich zlomcich sekundy nad Hubbletv zakon.
Vesmir nema rad, kdyZ se mu néco ,,pfedepisuje = vnucuje®. Inflace také vysvétluje ty drobné
skvrnky na pozadi kosmického mikrovinného zateni, které by tam podle ‘pﬁvodm’ teorie\
velkého tfesku nemély byt. Jak zni ona ,,ptivodni teorie*? Podle inflace navrzené, nikoliv
zjisténé — vypozorované... jsou skvrnky vysledkem drobnych kvantovych fluktuaci navzdy
zmrazenych ve vesmiru
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kdyz se nahle zvétsil. Ale zatim existuji dikazy, ze toto kratké, ostré obdobi Hubbleovy
expanze na steroidech se skute¢n¢ stalo. ?? Nalezeni definitivnich diikazl pro inflaci by
polozilo moZznost neplochého a tedy kone¢ného vesmiru pevné zpét na stiil. Pfesto se s tim
znovu vynofuje tiZivéa otazka, [do Geho se vesmir rozpind. I kdyz, jak se ukazuje, nutnd
nepotiebujeme, aby se rozsifovala viibec v néco... Je konec 80. let 18. stoleti. Spojené staty
Prostor pro vkladani Amerika jesté nedosahla véku dospivani. Francie se chysta sestoupit do
chaotické revoluce, kterd by nakonec vidéla krale Ludvika XVI. narazit na obchodni konec
gilotiny. A mezitim v Némecku sedi ve tfidé mlady Skolak jménem Carl Friedrich Gauss
32:03

pozorné naslouchat v hodiné matematiky. Uc¢itel pravé zadal zaklim ukol. Musi secist vSechna
¢isla od 1 do 100. Béhem nékolika sekund Gaussova roura: ,,5050, pane®. Ucitelova Celist
klesa rychleji nez Cepel gilotiny. Neni jasné, zda se to nékdy skutecné stalo. Ptibeh se ptipojil
k analiim dalSich pravdépodobné& apokryfnich ptibéhli v historii védy. Pfedstavte si, Ze
Archimedes bézi nahy po ulici nebo jablko padajici na Newtonovu hlavu. Ve skutecnosti trik,
jak dosédhnout 5050 béhem nékolika tept, spociva v tom, Ze si uvédomite, Ze ve skutecnosti
nemusite zdlouhavé scitat vSechna ¢isla. Misto toho ¢isla sparujete. 1 s 100. 25 99. 3598 a
tak dale. Kazdy par se vzdy secte a vznikne 101. No, cumim.

(07)- With 50 such pairs, all the young Gauss had to do was multiply 101 by 50
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and arrive at the correct answer of 5050. Whether it happened or not, the anecdote is designed
to illustrate Gauss’s precocious talent for mathematics, even from a tender age. He would go
on to become one of the most influential - if not the most influential - mathematicians of

all time. And Gauss's work would eventually become a cornerstone of the way we



understand the universe, what it truly means to say that it is expanding and whether or not it
needs to be expanding into anything. Earlier, we used the analogy of raisin bread to explain
the expanding universe. An inflating balloon with coins stuck onto its surface to represent
galaxies is another analogy that’s often used. As you blow up the balloon, the galaxies move
further apart as the rubber between them stretches. Likewise,
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we do not expand with the expanding universe, so tight are the shackles of our atomic bonds.
However, all of these everyday analogies for an expanding universe have their limitations. In
both scenarios the object is still expanding into something — either the oven or the room. And
so to understand how the universe itself can expand without needing to expand into

anything at all, we need to enter a baffling branch of mathematics known as differential
geometry... To begin with, imagine a two dimensional sheet that’s then rolled up into a
cylinder. To achieve this you have to curve the sheet through a third dimension that's beyond
the sheet itself. Mathematicians call this external dimension the embedding space. Now let’s
imagine that our universe really is shaped like this cylinder and that intrepid astronauts are
tracing a giant triangle across its surface.The angles in that triangle would add up
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to 180 degrees, just as they would on the original flat sheet. From the astronauts' point of
view, they'd be unable to tell the difference between the flat sheet and the cylinder. That is
unless they could somehow leave the surface of the cylinder entirely and look back on it from
the embedding space. Only then could they see it was curved. Shapes like this are said

to have extrinsic curvature — the curvature is only apparent from beyond the surface of the
shape. To say this another way, a cylinder has no intrinsic curvature. And in

mathematics, intrinsic curvature is also known as Gaussian curvature, because Gauss would
make a huge breakthrough in differential geometry in 1827. Shapes with no intrinsic
curvature - including cylinders - are regarded as ‘flat’. You can see why it’s a bit confusing.
However some shapes do have intrinsic curvature. The most obvious example is the sphere.
As with
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travelling across the moon, you don’t have to leave the surface of a sphere in order to know
that it is curved. The fact that the angles in a large triangle add up to more than 180 degrees
tells you that you're on a curved surface without the need for an embedding space. When
Gauss published the details of this idea in 1827 it became known as “Theorema Egregium” -
Latin for “remarkable theory”. An interesting consequence of the fact that a sheet has zero
Gaussian curvature, but a sphere doesn’t is that all maps of the world are off. A 2D map of a
3D sphere will always be distorted. The most common world maps use the Mercator
projection, which is designed to preserve the angles between objects and make navigation
easier. However, that means that areas are skewed. Greenland, for example, appears
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14 times larger than it really is. There are ways to preserve areas and skew angles instead -
such as the Lambert cylindrical equal-area projection - but Gauss’s Theorema Egregium
tells us that something always has to give. But so far we have spoken about

hypothetical cylinders and spheres and maps of the earth - what about the real universe in
which we live? Fast-forward to 1857 and a 76-year-old Gauss is the audience for a lecture
given by one of his former protégés: Bernhard Riemann. Born in Hanover the year before
Gauss published his Theorema Egregium, Riemann initially set his sights on studying
theology, but ended up studying mathematics instead under Gauss’s tutelage at the University



of Gottingen. Gauss once remarked that Riemann had “a gloriously fertile originality”. In his
1857 lecture, Riemann set out how to extend Gauss’s work on differential geometry beyond
three dimensions. Today this is known
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as Riemannian geometry and, as we will see, it would prove a crucial breakthrough. One of
the most important concepts in Riemannian geometry is the geodesic - a line that

represents the shortest path between two points on a curved surface. This often leads to odd-
looking outcomes when you step down a dimension. Take the more than 30 flights that

(07)- S 50 takovymi pary sta¢ilo mladému Gaussovi vynasobit 101 x 50
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a dospét ke spravné odpovedi 5050. Jo, Gauss ze mé nikdy nebude... At uz se to stalo nebo
ne, anekdota je navrZena tak, aby ilustrovala Gausstv pred¢asny talent pro matematiku, a to
Jiz od utlého veku. Stal by se jednim z nejvlivnéjSich — ne-li nejvlivnéjsich — matematika
vSech dob. (1) A Gaussovo dilo by se nakonec stalo zakladnim kamenem toho, jak chapeme
vesmir, co to skutecné znamena fikat, Ze se rozpind, a zda je nebo neni potieba expandovat do
néceho. Diive jsme k vysvétleni rozpinajiciho se vesmiru pouzivali S rozinkovym
chlebem. Dalsi ¢asto pouzivanou nalogiifje nafukovaci balének s mincemi nalepenymi na
jeho povrchu, které predstavuji galaxie. Kdyz balon vyfouknete, galaxie se od sebe vzdaluji,
protoZe se mezi nimi natahuje guma. Rovnéz,
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neexpandujeme s rozpinajicim se vesmirem, takZe pouta naSich atomovych vazeb jsou tak
pevna. VSechny tyto kaZzdodenni pro rozpinajici se vesmir vSak maji svd omezeni. A
rozbalovani je analogie anebo neni?? V obou scénafich se objekt stale rozsifuje do nééeho —
bud’ do pece, nebo do mistnosti. Abychom pochopili, jak se vesmir sdm miZe rozpinat, aniz
bychom se museli do ¢ehokoli rozpinat, musime vstoupit do matouci vétve matematiky znadmé
jako diferencialni geometrie ... To je ta Aristotelova Zelva? Pro zacatek si piedstavte
dvourozmérny list, ktery je pak srolovan do vélce. Pro srolovani do valce je zapotiebi tieti
rozmér! Chcete-li toho dosahnout, musite list zakfivit pfes tieti rozmér, ktery je za samotnym
listem. Vidite, pfedbéhl jsem své ¢teni... Matematici nazyvaji tento vnéjsi rozmér prostorem
pro vlozeni. Nyni si pfedstavme, ze nas vesmir ma skute¢né tvar tohoto valce a Ze neohrozeni
astronauti sleduji po jeho povrchu obfi trojihelnik. Uhly v tomto trojithelniku by se séitaly
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na 180 stupit, stejné jako na pivodni ploché desce. Z pohledu astronautii by nebyli schopni
rozeznat rozdil mezi plochym plechem a véalcem. Tedy pokud by n¢jakym zptisobem nemohli
opustit povrch valce uplné€ a podivat se na néj zpét z prostoru pro zapusténi. Teprve potom
vidéli, Ze je zakfiveny. Rika se, Ze tvary jako tento maji vné&j§i zak¥iveni — zakfiveni je patrné
pouze za povrchem tvaru. Jinymi slovy, valec nema zadné zakiiveni. O.K. Av
matematice je vnitini zakfiveni také znamé jako Gaussovo zakiiveni, protoze Gauss by v roce
1827 ucinil obrovsky prilom v diferencialni geometrii. Tvary bez vnitiniho zaktiveni — v€etné
valct — ﬁsou povaiovény‘ za ,,ploché“. Putin neni vrah, ale je povazovan za vraha...aha,...
Miizete vidét, pro€ je to trochu matouci. Nékteré tvary vSak maji vnitini zakiiveni.
Nejviditelngj§im prikladem je koule. Jako s
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kdyz cestujete pies Mésic, nemusite opoustét povrch koule, abyste védéli, ze je zakiivena.
Skutecnost, ze soucet thlli ve velkém trojuhelniku ¢ini vice nez 180 stupni, vam fika, ze jste
na zaktivené plose, aniz byste potiebovali prostor pro zapusténi. Kdyz Gauss v roce 1827
zvefejnil podrobnosti o této myslence, stala se znama jako ,,Theorema Egregium® — latinsky
,»pozoruhodna teorie“. To znamen4, ze opravdu jsem na spravné cesté, kdyz 20 let fikam, ze
prvni tfi Easoprostorové dimenze jsou FYZIKALNI a dali extra dimenze jsou uZ jen
MATEMATICKE dimenze, nikoliv fyzikalni. Ano? Oba druhy dimenzi lze kiivit, kroutit,
ano? Pak jsem uZ se nemusim stydét za >svou matematiku<, kdyz pisi CNO cyklus takto
https://www.hypothesis-of-universe.com/docs/eb/eb_002.pdf ; Zajimavym disledkem
skute¢nosti, ze list ma nulové Gaussovo zakfiveni, ale koule nikoli, je, Ze vSechny mapy svéta
jsou vypnuté. 2D mapa 3D koule bude vzdy zkreslena. Nejbéznéjsi mapy svéta pouzivaji
Mercatorovu projekcei, kterd je navrzena tak, aby zachovala tthly mezi objekty a usnadnila
navigaci. To vSak znamena, Ze oblasti jsou zkreslené. Objevuje se naptiklad Gronsko
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14krat vétsi, nez ve skute€nosti je. Jisté. Existuji zpiisoby, jak zachovat oblasti a misto toho
zkosit uhly — jako je Lambertova valcova rovnoplo$na projekce — ale Gaussova véta
Egregium ndm tikd, Ze vzdy musi néco dat. Ale zatim jsme mluvili o hypotetickych vélcich a
sférach a mapéach Zem¢ - co skutecny vesmir, !! ve kterém zijeme? Ano, a co moje balicky
elementarnich ¢astic n+m dimenzi?? Rychle vpied do roku 1857 a 76lety Gauss je publikem
prednasky jednoho z jeho byvalych chranénct: Bernharda Riemanna. Riemann se narodil v
Hannoveru rok pfedtim, nez Gauss publikoval svou Theorema Egregium, nejprve se zaméfil
na studium teologie, ale nakonec misto toho studoval matematiku pod Gaussovym vedenim
na univerzité¢ v Gottingenu. Gauss jednou poznamenal, Ze Riemann m¢l ,,nadherné plodnou
originalitu“. Ve své ptedndsce z roku 1857 Riemann stanovil, jak rozsifit Gaussovu praci o
diferenciélni geometrii za hranice tf rozméri]. Jsem v napéti, co budu ¢ist... Dnes se to vi
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jako Riemannovska geometrie, ¢tu o ni 50 let ale stale tenzortim, varietim apod. a
Riemannovské diferencialni geometrii nerozumim. Ve Skole jsme se to neucili. Prosté ,,tam*
mam v mozku diru, a jak uvidime, ukazalo se to jako zasadni prilom. Jednim z

vvvvvv

nejkratsi cestu mezi dvéma body na zaktivené plose. To je vyjimka, to jsem pochopil uz pted
narostenim prvnich fousu... © To €asto vede k podivné vyhlizejicim vysledkiim, kdyz
opustite dimenzi. Vydejte se na vice nez 30 leth

(08)- travel between London and New York every day. London sits closer to the North Pole
than New York, so you’d think that a plane flying to the Big Apple would set off from the
UK and head south. In fact, it heads *north*, flies in a straight line, and still ends up

further south. This straight line across a 3D dimensional surface looks curved when drawn on
a 2D map. Perhaps even more bizarrely, it is possible to travel in a completely straight line
from Alaska to India without ever flying over land. When drawn on a 2D map this journey
looks about
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as far from straight as it is possible to get. However, look at that path from space and you’ll
clearly see how straight it is. And these ideas - geodesics and Riemannian geometry would go
on to form the backbone of Albert Einstein’s General Theory of Relativity, our best-tested
explanation of gravity. General Relativity says that the three dimensions of space and the one


https://www.hypothesis-of-universe.com/docs/eb/eb_002.pdf

dimension of time are irrevocably woven together into a four dimensional fabric called
spacetime - indeed it was Einstein's grumpy professor Hermann Minkowski who actually
coined the term. This means that Gaussian differential geometry, which can only describe
curvature in a total of three dimensions, is not sufficient. Only Riemannian geometry, which
generalises Gauss’s Work to any number of dimensions, works.
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According to General Relativity, the presence of massive objects curves four dimensional
spacetime and it is this curvature that’s responsible for the apparent force of gravity. Earth,
for example, doesn't orbit the Sun because there's an invisible force of attraction between
them as Isaac Newton had suggested in the 17th century. Instead, the Sun distorts the fabric of
spacetime around it and the Earth is caught rolling around in this distortion. However,
thinking of gravity in this way leads to what appears, at first, to be a controversial statement:
that the Earth orbits the Sun in a straight line. At least that’s true in four dimensions. Just as
the straight London to New York flight path across a 3D surface appears curved when drawn
on a 2D map, the Earth’s straight path through 4D spacetime only appears curved in three
dimensions. This curvature is particularly apparent in an effect known as gravitational
lensing.
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When light from a distant source encounters a massive cluster of galaxies, the light’s path
appears to bend around it. Riemannian geometry allows astronomers to estimate the amount
of spacetime curvature required to do this, in turn leading to an estimate for the total mass of
the cluster. Usually there appears to be considerably more mass than can be accounted for by
adding up all the visible material in cluster, strongly hinting to astronomers that the
difference is made up of invisible ‘dark’ matter. And so, this all means, that thanks to its use
of Riemannian geometry, General Relativity can completely describe spacetime, our universe
and its expansion in terms of intrinsic curvature alone. There is no need for an external
embedding space and so no requirement for the universe to be expanding into anything.
However, as you might have guessed,
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that is not quite the end. For just because the universe doesn’t need to be expanding into
anything doesn’t mean that it isn’t... After seven long months travelling through the solar
system, it is the next seven minutes that will decide the fate of NASA’s Perseverance rover.
Hurtling through the thin Martian atmosphere at almost 20,000 kilometres per hour, from the
planet's surface it looks like a giant

The Great Beyond

shooting star lighting up the daytime sky. Suddenly, the parachute pops and flutters open. The
rover rig emerges from its protective chrysalis, stabilised in mid air by a series of thrusters,
finally dangling down from the sky crane on long, puppet-like wires. With
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the rover safely deposited on the surface, the sky crane powers away so as not to
contaminate the pristine environment around Jezero crater that the mission has travelled
almost half a billion kilometres from Earth to explore. Landing a car-sized rover on a distant
planet is no mean feat. Yet this mission has another, even more impressive achievement up its
sleeve: a miniature helicopter. Known as Ingenuity, it would go on to make the first powered
flight on another world. In fact, it would make a total of 72 flights, despite only being
designed for five. Endeavours like this are a stark reminder of just how weak the force of
gravity really is. Despite the heft of an entire planet, this tiny aircraft - with a fuselage the
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size of a tissue box and weighing no more than a bag of potatoes - could climb over twenty
metres above the dusty Martian surface. As well as this, of the four fundamental

(08)- kazdy den cestujte mezi Londynem a New Yorkem. Londyn lezi blize severnimu pélu
nez New York, takze byste si mysleli, ze letadlo letici do Velkého jablka vyrazi z Velké
Britanie a zamifi na jih. Ve skute¢nosti miii *na sever®, leti v pfimé linii a stale kon¢i jiznéji.
Tato pfimka ptes 3D dimenziondlni povrch vypada pii kresleni na 2D mapé¢ zakiivena. Mozna
jeste bizarngjsi je, Ze je mozné cestovat z Aljasky do Indie zcela pfimocate, aniz byste kdy
prelétali pevninu. Pii kresleni na 2D mapé tato cesta vypada
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tak daleko od pfimé, jak je mozné se dostat. Podivejte se vSak na tu cestu z vesmiru a jasné
uvidite, jak je pfima. A tyto myslenky — geodetika a Riemannovské geometrie by dale tvotily
patet obecné teorie relativity Alberta Einsteina, naseho nejlépe otestované¢ho vysvétleni
gravitace. Obecna teorie relativity fika, ze tfi dimenze prostoru a jedna dimenze ¢asu jsou
neodvolatelné vetkany dohromady do ¢tyifrozmérné ’tkaniny zvané éasoprostoﬂ — skute¢né to
byl Einsteintiv nevrly profesor Hermann Minkowski, kdo tento termin ve skute¢nosti vytvofil.
To znamena, ze Gaussova diferencidlni geometrie, kterd dokaze popsat zakiiveni pouze v
celkem tfech rozmérech, nestaci. Funguje pouze Riemannovska geometrie, kterad zobecnuje
Gaussovo dilo na libovolny pocet dimenzi. Hura, parada. To ja jsem na to (na libovolny pocet
dimenzi) pfisel, aniz bych védél doptedu cokoliv o Riemannové geometrii a o tom, Ze uz to
n¢kdo fekl pfede mnou. Jenze, pro¢ tedy mi to nikdo netekl za téch 20 let, co to na internetu
presentuji, to Ze hmota je realizovana z n+m dimenzi kiivenim, balickovanim téch dimenzi.
40:02

Podle obecné teorie relativity pfitomnost masivnich objektl zakiivuje tyfrezmerny- 3+3D
Casoprostor prostorocas a je to prave toto zakfiveni, které je zodpovédné za zdanlivou
gravitaéni silu. Zemé& naptiklad neobih4 kolem Slunce, protoze mezi nimi existuje neviditelna
pfitazliva sila, jak navrhoval Isaac Newton v 17. stoleti. Misto toho Slunce deformuje
strukturu casoprostoru kolem sebe a Zemé je zachycena, jak se v tomto pokiiveni vali. !!
Avsak uvazovani o gravitaci timto zpiisobem vede k tomu, co se zprvu zda byt kontroverznim
tvrzenim: Ze Zemé obiha kolem Slunce po ptimce. Alespon to plati ve ¢tyfech dimenzich.
Stejné jako se pfima draha letu z Londyna do New Yorku pies 3D povrch jevi zakiivend, kdyz
je nakreslena na 2D mapé, pfimé dradha Zem¢ pres 4D Casoprostor se jevi zakiivena pouze ve
ttech rozmérech. Toto zakfiveni je zvlasté patrné u efektu znamého jako gravitacni ¢ocka.
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Kdyz se svétlo ze vzdaleného zdroje setkd s masivni kupou galaxii, zda se, ze draha svétla se
kolem ni ohyba. Riemannova geometrie umoziuje astronomiim odhadnout mnozstvi
zakiiveni asoprostoru potiebného k tomu, coz vede k odhadu celkové hmotnosti kupy.
Obvykle se zda, ze je zde podstatné vice hmoty, nez by bylo mozné vysvétlit seCtenim
veSkerého viditelného materidlu v kupé, coZ astronomiim siln€ naznacuje, ze rozdil je tvotfen
neviditelnou ,,temnou* hmotou. A to povazuji za chybu. Vysvétluji to chybnym pouzitim
Newtona témi astronomy ( viz Vera Rubin ) kam oni dosazuji naméfené hodnoty a pouZiji
vzdalenost mezi dvémi misty (dveé hvézdy) v rovné, pfimé tsecce. Jenze kiivost Casoprostoru
v galaxii (pozorované nikoliv z blizka, ale z velké vzdalenosti) je zakiivena, viz obr.
https://www.hypothesis-of-universe.com/docs/c/c_489.jpg ; https://www.hypothesis-of-
universe.com/docs/eng/eng_130.pdf To vSe tedy znamena, ze diky vyuziti Riemannovy
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geometrie mize Obecna teorie relativity kompletné popsat Casoprostor, nas vesmir a jeho
expanzi pouze z hlediska vnitiniho zakfiveni. Neni zde potieba vnéjsiho ulozného prostoru, a
tedy ani pozadavek, aby se vesmir do ¢ehokoli rozpinal. Bicuji se, mofim hlavu a stejné to
moc nechdpu, to popisovani vnéjsiho zakiiveni pomoci vnitiniho zakftiveni...
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ALTITATTAAAAALREREERRRR TR WWWWWWWWWW - ) uz Tezim na klavesnici, uz jdu
spat Jak jste vsak mohli uhodnout,
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to neni uplny konec. ProtoZe to, Ze se vesmir nemusi do ni¢eho rozpinat, neznamena, Ze tomu
tak neni... Po sedmi dlouhych mésicich cestovani Slune¢ni soustavou je to nasledujicich sedm
minut, které rozhodnou o osudu vozitka Perseverance NASA. Z povrchu planety se fiti fidkou
mart’anskou atmosférou rychlosti témét 20 000 kilometrii za hodinu jako obr. The Great
Beyond padajici hvézda osvétlujici denni oblohu. Najednou padak praskne a s tiepotanim se
otevie. Roverova souprava se vynoii z ochranné kukly, stabilizovana ve vzduchu fadou trysek
a nakonec visi dolii z nebeského jerabu na dlouhych dratech pripominajicich loutku. S
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rover bezpecn¢ ulozeny na povrchu, jefab odpoji, aby nekontaminoval nedotéené prostiedi
kolem krateru Jezero, za jehoz prizkumem mise cestovala témét pul miliardy kilometrti od
Zemg. Ptistat s roverem o velikosti auta na vzdalen¢ planeté neni nic hrozného. Piesto ma tato
mise v rukavu dalsi, jest¢ ptisobivéjsi ispéch: miniaturni vrtulnik. Znamy jako Vynalézavost a
uskute¢nil by prvni motorovy let na jiném svéte. Ve skutecnosti by provedl celkem 72 leti,
piestoze byl navrzen pouze pro pét. Snahy, jako je toto, jsou ostrou piipominkou toho, jak
slaba je ve skuteCnosti gravitacni sila. Navzdory hmotnosti celé planety je toto malé letadlo - S
trupem
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velikosti krabice od kapesni¢ku a nevaZzici vic nez pytel brambor - mohl vySplhat ptes dvacet
metrQl nad praSny martansky povrch. Stejné€ jako toto, ze ¢tyt zakladnich

(09)- forces, gravity also has the dubious honour of being the least understood - even though
its rules were discovered centuries before those of the other three. This is even more
perplexing considering that gravity is the force that most obviously affects our day-to-day
lives. To underscore the disparity between gravity and the forces, imagine two electrons.
Their gravitational attraction is one hundred tredecillion times weaker than the repulsive
electromagnetic force between them. That’s a one followed by a staggering 43 zeroes. This
gulf in their might is particularl troublesome because physicists assume that all four
fundamental forces were once united into a single force immediately after the Big

Bang, before peeling away from each other in the universe’s first slivers of a second.



Indeed, there is already concrete evidence that the electromagnetic and weak forces were once
the
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electroweak force. And the rules that describe the strong force are so similar to those
belonging to the electroweak that they appear a perfect fit - we just haven’t ramped up the
energy of particle accelerators enough yet in order to find proof. Gravity however, remains
firmly out in the cold. As we’ve seen, it is described by Einstein’s General Theory of
Relativity instead - a theory that doesn’t play nicely with the quantum field theories we use to
describe the other three forces. And so if all four forces were once equal in strength, what
happened to relegate gravity to such a lowly footing? Well, the answer could lie in a sci-fi
sounding branch of physics known as the Braneworld - a truly bizarre theoretical example of
an embedding space.
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According to these theories, our four dimensional spacetime is merely a surface - or brane -
embedded in a higher dimensional hyperspace known as “The Bulk”. The word brane is a
shortened form of “membrane”. Perhaps the easiest way to picture this is to drop down a
dimension. Imagine an ant crawling around the surface of a hollow sphere floating in mid-air.
That ant would be confined to a 2D surface — a brane — embedded in a 3D Bulk. Likewise, we
could live on a 4D surface embedded in a Bulk with at least five dimensions. The Braneworld
has its roots in string theory, which is one attempt to unite gravity with its fellow forces.
According to string theory, sub-atomic particles are made of tiny vibrating strings, and within
this theory just as you can play stringed instruments in different ways to create different notes,
so Nature plays these strings to create different particles.
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A family of particles called bosons is particularly important because they are responsible for
carrying forces. It is only by exchanging bosons that magnets can attract or repel each other,
for example. Atomic nuclei are only held together by the strong force because bosons called
gluons are being exchanged between their constituent parts. Physicists have already
experimentally verified the bosons behind three of the four fundamental forces, but they have
yet to discover one linked to gravity. If it does exist, this “graviton” is proving particularly
hard to find. Despite its elusiveness, the graviton could be the key to unlocking the mystery of
why gravity appears so much weaker than the other three fundamental forces, with
implications for what the universe is expanding into. There are two types of string in string
theory: open and closed. According to the Braneworld,
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open strings must always remain tethered to a brane at one end. Closed strings,

however, which form a loop and so are effectively tethered to themselves, are free to wander
through the full extent of The Bulk. The graviton is thought to be made of just such a closed
string. In other words, the strength of gravity is diluted across both our brane and The Bulk.
The other three forces, with their open string bosons, are restricted to just the brane. And so if
true, it’s no wonder that we see gravity as considerably weaker than its fellow forces. It is
leaking away into hyperspace. There are ways to test this idea with experiments, even without
the direct discovery of the graviton itself. It is possible that our atom-smashing efforts at
places such as the Large Hadron Collider could create gravitons through
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the collision of ordinary particles. If some of these gravitons wander off into The Bulk,

they would leave behind tell-tale gaps in the data. Equally, physicists could find evidence of



gravity leaking into The Bulk in modern versions of a famous 18th century experiment by

Henry Cavendish. It was designed to measure the gravitational attraction between two nearby
metal spheres. Forces usually follow what physicists refer to as an inverse square law. If you
double the distance between the two spheres, their gravitational attraction drops to a quarter.

(09)- sily, gravitace ma také tu pochybnou Cest, ze je nejméné pochopena - i kdyz jeji
pravidla byla objevena staleti pted pravidly ostatnich tfi. To je jeSté vice matouci, vezmeme-li
v uvahu, ze gravitace je sila, kterd nejzjevnéji ovlivituje nas kazdodenni zivot. Pro podtrzeni
rozdilu mezi gravitaci a silami si pfedstavte dva elektrony. Jejich gravitaéni pfitazlivost je sto
tredecilionkrat slabsi nez odpudivé elektromagneticka sila mezi nimi. To je jednicka, za
kterou nasleduje ohromujicich 43 nul. 10“? Tato propast v jejich sile je obzvlasts
znepokojiva, protoze fyzici predpokladaji, ze vSechny Ctyii zakladni sily byly kdysi
sjednoceny do jediné sily bezprostfedn€ po Velkém ttesku, nrdokazi si predstavit ,,tvar*
ktivosti dimenzi takového casoprostoru ... nez se v prvnich stiipcich vtefiny odlouply jedna
od druhé. Ve skute€nosti jiz existuji konkrétni dikazy, Ze elektromagnetické a slabé sily kdysi
byly
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elektroslaba sila. Dikazy pouze matematické, ze? (na papiie). A pravidla, ktera popisuji
silnou silu, jsou tak podobnd pravidliim, kterd patii k elektroslabym, ze se zdaji dokonale
zapadat — jen jsme jesté nezvysili energii urychlovaci ¢astic dostate¢né, abychom nasli dikaz.
Jo... tak... Gravitace vSak zlstava pevné venku v chladu. Jak jsme vidé€li, misto toho je
popsana Einsteinovou Obecnou teorii relativity - teorii, ktera si nehraje dobie s kvantovymi
teoriemi pole, které pouzivame k popisu ostatnich tfi sil. Kiivosti dimenzi tii sil jsou jako
péna, v niz ¢as bézi ,,tam a zpet*™ v kratkych intervalech... takze péna je linearni. Gravitace je
nelinearni, je to parabola..., je to tak?? A pokud tedy byly vSechny ¢tyfi sily jednou stejné
silné, co to je ,.silné*“? PROJEV zakfiveni je ,,stejné silny*, ano? co se stalo, ze odsunul
gravitaci na tak nizkou troven? Tti sily ztstaly v ,,zajeti* vysokych kfivosti dimenzi ¢p a
jedna — gravitace se rozbalila, rozbalyly se dimenze, které ,,nabyly* tvaru parabolické kfivosti.
Pro¢? No to nevim. Odpovéd’ by mohla spo€ivat ve sci-fi zn€jicim oboru fyziky znamém jako
Braneworld — skute¢né bizarnim teoretickém piikladu [zapusténého prostorul.
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Podle téchto teorii je na§ ¢tyfrozmérny ¢asoprostor pouze povrchem — nebo branou —
zasazenou do vyS$siho dimenzionalniho hyperprostoru znamého jako ,,Hromadné®. Slovo
brane je zkracend forma ,,membrany“. Snad nejjednodussi zpiisob, jak si to predstavit, je
rozbalit dimenzi. Pfedstavte si mravence, ktery se plazi po povrchu duté koule vznasejici se
ve vzduchu. Tento mravenec by byl omezen na 2D povrch — branu — zapusténou do 3D Bulk.
Stejné tak bychom mohli Zit na 4D povrchu vloZeném do Bulk s alesponl péti rozméry.
Braneworld ma své koteny v teorii strun, kterd je jednim z pokusii sjednotit gravitaci s
ostatnimi silami. Podle teorie strun jsou subatomarni ¢astice tvofeny malymi vibrujicimi
strunami Zménte struny z nic¢eho na dimenze. (a témi vibrujte. Anebo v té vibrujici
Casoprostorové péné, vyrabéjte balicky). Pak uz je to téméf moje HDV. a v ramci této teorie,
stejné jako muzZete hrat na strunné nastroje riiznymi zptsoby, abyste vytvofili rizné tony, tak
priroda hraje na tyto struny, aby vytvorila riazné ¢astice. T¢zko pak si predstavit n-
rozmérnou strunu jak vibruje az do tvaru kyseliny sirové...
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Rodina ¢astic zvanych bosony je zvlasté dilezita, protoze jsou zodpoveédné za prenasenti sil.
Jenze sily neexistuji podle Einsteina a dalSich teoretikil. Zteymée se pienasi vibrace

z monoblokt na jiné monobloky. Pouze vyménou bosonli se mohou magnety napiiklad
vzajemn¢ piitahovat nebo odpuzovat. Atomova jadra drzi pohromad¢ pouze silna sila, protoze
mezi jejich slozkami dochdzi k vyméné bosontli nazyvanych gluony. Fyzici jiz experimentalné
overili bosony za titemi ze Ctyt zdkladnich sil, ale jeSté musi objevit jednu spojenou s
gravitaci. Pokud existuje, ukazuje se, Ze tuto ,,graviton je obzvlasté tézké najit. Navzdory své
nepolapitelnosti by graviton mohl byt klicem k odhaleni zahady, pro¢ se gravitace jevi o tolik
slabsi nez ostatni tfi zakladni sily, s disledky pro to, do ¢eho se vesmir rozpina. V teorii strun
existuji dva typy strun: oteviené a uzaviené. Podle Braneworld,

48:09

oteviené struny musi vzdy zGstat na jednom konci pfivdzany k brané. Uzaviené struny, které
tvoti smycku, a tak jsou efektivné piipoutany k sobé¢, se vsak mohou volné pohybovat v celém
rozsahu The Bulk. Pfedpoklada se, Ze graviton je vyroben pravé z takové uzaviené struny.
Jinymi slovy, sila gravitace je zfedéna napfi¢ nasi branou 1 The Bulk. Ostatni tfi sily s
otevienymi strunovymi bosony jsou omezeny pouze na branu. A pokud je to pravda, neni
divu, Ze vidime gravitaci jako podstatné slabsi neZ jeji ostatni sily. Unika do hyperprostoru.
Existuji zplsoby, jak tuto myslenku otestovat pomoci experimentt, a to i bez pfimého objevu
samotného gravitonu. Je mozné, ze naSe snahy o rozbiti atomtli v mistech, jako je Velky
hadronovy urychlovaé, by mohly vytvofit gravitony skrz
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srazku obyc¢ejnych castic. Pokud by se nékteré z téchto gravitonu zatoulaly do The Bulk,
zanechaly by za sebou mezery v datech. Stejné tak by mohli fyzici najit dikazy o pronikani
gravitace do The Bulk v modernich verzich slavného experimentu Henryho Cavendishe z 18.
stoleti. Byl navrzen k méfeni gravitacni pfitazlivosti mezi dvéma blizkymi kovovymi
koulemi. Sily se obvykle Fidi tim, co fyzici oznacuji jako zakon inverzniho étverce. ? Pokud
zdvojnasobite vzdalenost mezi dvéma koulemi, jejich gravitaéni ptitazlivost klesne na
ctvrtinu.

(10)- Treble the distance and it drops to a ninth. The same holds for the strength of the
electromagnetic force between magnets. Now let's imagine that wandering gravitons are
causing gravity to leak away into a single extra dimension. In other words, a 5 dimensional
bulk. Gravity's potency should fall away more quickly and it will follow an inverse cube law
instead. That means doubling the distance between two masses would see their attraction
drop to an eighth instead of a quarter. In order to be consistent with
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the apparent weakness of gravity that we observe, this divergence from the inverse square
law would show up over distances roughly equal to the gap between the Sun and the planet
Uranus. And so clearly astronomers would have noticed such a deviation by now. The orbits
of the outer two planets would follow different gravitational rules to those of the inner
planets. However, the more dimensions you add to The Bulk, the more avenues there are for
gravity to leak. This would lead to a greater deviation from the inverse square law as

the strength of gravity drops even faster. It would also reduce the distance over which this
deviation becomes apparent. For just two extra dimensions, it drops dramatically from a
literally astronomical distance to a mere 0.3 millimetres. That may still sound relatively large,
certainly compared to the size of atoms, but measuring gravity on
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this scale is currently beyond our capabilities. However in 2021, a ground-breaking modern
version of the Cavendish experiment did measure the gravitational attraction between two 90
milligram gold spheres separated by 40 millimetres. There was no deviation from the inverse
square law. Perhaps one day we'll get this down to under 0.3 millimetres and finally see the
proof of gravity leaking away into The Bulk. Although, even if physicists did spot a
deviation, it isn't smoking gun proof that our universe is a brane embedded in hyperspace.
Instead the extra dimensions that gravity is leaking into could be part of the universe

itself, curled up so small so as to remain out of sight. Proving the existence of The Bulk
would finally us give a more concrete answer to the question of what the universe is
expanding into. Our 4D

52:05

universe could be growing into a potentially infinite higher-dimensional hyperspace. But
there is another potential way to use string theory in order to recreate rules similar to those of
quantum physics - a groundbreaking discovery that goes by the rather dull name of AdS/CfT
correspondence. The AdS part is something we've encountered before: anti-de Sitter space.
The CfT stands for conformal field theory. The quantum rules behind the Standard Model of
Particle Physics, which exquisitely explain all of its sub-atomic particles and the forces that
govern them, are close cousins of conformal field theories. To better understand how
AdS/CFT correspondence works, let's take a 3 dimensional example. First, imagine a disc that
resembles an elaborate floor mosaic. It is made up of triangles and squares that follow the
usual rules of anti-de Sitter space. That
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means the angles in the triangles add up to less than 180 degrees and squares have angles that
are pinched at the corners. Next, stack multiple copies of this disc on top of one another to
form a cylindrical universe. This is an example of three dimensional anti-de Sitter space.
Measure the angles of a triangle anywhere within it and they will add up to less than 180
degrees. But this cylinder has an unusual and critically important property. Put yourself at
any point on the boundary and the space immediately around you will follow the rules of
Minkowski space instead. In other words, the boundary of this anti-de Sitter space is flat.
Given that the universe around us also appears flat, could our cosmos be the boundary of

a higher dimensional anti-de Sitter bulk? That's the working idea behind AdS/CfT
correspondence.
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In theory, the bulk can have any number of dimensions and the boundary will always have
one fewer dimension. What's remarkable about AdS/CfT correspondence is that if you

apply string theory to a 5D anti-de Sitter bulk, the resulting physics on the 4D boundary

are exactly the same as the rules of quantum physics.That's the correspondence part — a
twinning of the physics of the bulk and the boundary.The two things are exactly equivalent of
one another. Except there are big caveats to consider. In AdS/CfT correspondence, the four
dimensions on the boundary are all dimensions of space.We do seem to live in a four
dimensional universe, but one of those dimensions is time — only three are spatial
dimensions. Plus, the conformal field theory that
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appears on the boundary is a very close match to quantum physics, but not a perfect one. So



(10)- Zdvihnéte vzdalenost a klesne na devitinu. Totéz plati pro silu elektromagnetické sily
mezi magnety. Nyni si pfedstavme, Ze putujici gravitony zptisobuji Unik gravitace do jediné
dalsi dimenze. Co to je?, unik ,,do dimenze“? To jakoze by se v _té dimenzi schovali pied
Certy? Jinymi slovy, 5-rozmérny objem. Gravita¢ni sila by méla klesat rychleji a misto toho se
bude tidit inverznim krychlovym zédkonem. To znamena, ze zdvojnasobeni vzdalenosti mezi
dvéma hmotami by znamenalo pokles jejich pfitazlivosti na osminu misto na ¢tvrtinu. Aby
bylo v souladu s
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Zdanliva slabost gravitace, kterou pozorujeme, by se tato odchylka od ?tojeuz
zakon? inverzni kvadratury projevila na vzdalenosti zhruba rovné mezefe mezi Sluncem a
planetou Uran. A tak je jasné, Ze astronomové by Si takové odchylky jiz v§imli. Drahy
vné&jsich dvou planet by se fidily odliSnymi gravita¢nimi pravidly nez ob€zné drahy vnitinich
planet. Cim vice rozmért viak do The Bulk pridate, tim vice cest pro tnik gravitace existuje.
To by vedlo k vétsi odchylce od zakona inverzni kvadrat, protoze sila gravitace klesa jesté
rychleji. ® Také by to zkratilo vzdalenost, na kterou se tato odchylka projevi. Za pouhé dva
dramaticky klesa z doslova astronomické vzdalenosti na pouhych 0,3
milimetru. Ja t¢ém fyzikim to trapeni nezavidim, ja ho nemam. Ja zastavam nazor na 3+3
fyzikalni dimenze a pak ty dalsi extra jsou uz jen dimenzemi matematickymi ,,pro* stavbu
hmoty. ( a pro vS§echny elementarni ¢astice, které fyzika piednesla, si vystaéi Ptiroda s 6ti
extra dimenzemi délkovymi a 7mi extra dimenzemi ¢asovymi. Hotovo.
https://www.hypothesis-of-universe.com/index.php?nav=ea Pro veskerou hmotu baryonni si
vystaci pfiroda s 3+3 fyzikalnimi dimenzemi. To muze stale znit relativné velké, jisté ve
srovnani s velikosti atomil, ale métfeni gravitace
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tento rozsah je v souc¢asné dobé mimo nase moznosti. V roce 2021 vSak prikopnickd moderni
verze Cavendishova experimentu zméfila gravitaéni pfitazlivost mezi dvéma
90miligramovymi zlatymi koulemi oddélenymi 40 milimetry. NedoSlo k Zadné odchylce od
zékona inverzniho ¢tverce. Mozna to jednoho dne stahneme pod 0,3 milimetru a kone¢né
uvidime dikaz gravitace prosakujici do The Bulk. Ackoli, i kdyz fyzici zaznamenali
odchylku, neni to diikaz, ze nas vesmir je branou zasazenou do hyperprostoru. Misto toho by
dalsi dimenze, gravitace pronika, do dimenze nemiiZe nic pronikat. Dimenze je tu
proto, aby se pouzila ,,k né¢emu®, ale neni tu aby nékdo/néco pronikal..., to je absolutni
nepochopeni dimenzi, potazmo ¢asoprostoru, potazmo celého vesmiru... mohly by byt
soucasti samotného vesmiru, stocené tak malé, ze zstaly mimo dohled. Jisté jsou ty extra
dimenze sto¢ené a ziejmé jsou malé, a mozna se jednou ukaze, ze se z nich ty elementarni
Castice stavi..., to je moje hypotéza, mtij model. A prokazani reality toho modelu je na
velevazenych fyzicich, ktefi si mozna HDV nékdy (!) v§imnou. Prokazani existence The Bulk
by nam kone¢né dalo konkrétnéjsi odpovéd’ na otazku, \do ¢eho se vesmir rozpinél. Vy mate
>sve< starosti, a je jich dost, moje HDV také >svou< jednu. Nase 4D
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vesmir by mohl vyrtst do potencialné nekone¢ného hyperprostoru vyssich dimenzi. Existuje
v$ak dalsi potencialni zplisob, jak vyuzit teorii strun k obnoveni pravidel podobnych
pravidlim kvantové fyziky — pfevratny objev, ktery se nazyva ponékud nudnym nazvem
korespondence AdS/CfT. Cast AdS je néco, s ¢im jsme se jiZ setkali: anti-de Sittertiv prostor.
CfT je zkratka pro konformni teorii pole. A ony koresponduji? Pro¢? Kvantova pravidla
standardniho modelu ¢asticové fyziky, ktera skvéle vysvétluji vSechny jeho subatomarni



https://www.hypothesis-of-universe.com/index.php?nav=ea

Castice a sily, které je ovladaji, jsou blizka pfibuzna konformnich teorii pole. ?? Abychom
1épe porozumeéli tomu, jak funguje korespondence AdS/CfT, uved’'me si trojrozmérny piiklad.
Nejprve si predstavte disk, ktery pfipomind propracovanou podlahovou mozaiku. Sklada se z
trojithelniki a &tverci, které se fidi obvyklymi pravidly anti-de Sitterova prostoru. Ze
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znamena, ze soucet uhll v trojuhelniku je mensi nez 180 stupni a ¢tverce maji thly, které
jsou v rozich seviené. Dale naskladejte vice kopii tohoto disku na sebe a vytvoite valcovy
vesmir. Toto je ptiklad trojrozmérného anti-de Sitterova prostoru. Zméite thly trojuhelniku
kdekoli v ném a jejich soucet bude méné nez 180 stupiiti. Ale tento valec mé neobvyklou a
kriticky dtilezitou vlastnost. Umistéte se do libovolného bodu na hranici a prostor
bezprostiedné kolem vas bude misto toho nasledovat pravidla Minkowského prostoru. Jinymi
slovy, hranice tohoto anti-de Sitterova prostoru je plocha. Vzhledem k tomu, Ze vesmir kolem
nas se také jevi jako plochy, mohl by nas vesmir byt hranici vyssi dimenze anti-de Sitterovy
hmoty? To je pracovni myslenka korespondence AdS/C{T.
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Teoreticky miize mit objem libovolny pocet rozméri a hranice bude mit vzdy o jeden rozmér

pozoruhodné to, ze pokud pouzijete teorii strun na 5D anti-de Sitter objem, vysledna fyzika na
4D hranici bude piesné stejna jako pravidla kvantové fyziky. A tento vyrok fesi co??? To je ta
&ast korespondence — zdvojeni fyziky objemu a hranice. Toto je to feseni? Ceho, k ¢emu, pro
c0??? Tyto = objem a hranice jsou si navzajem pfesn¢ ekvivalentni. Aha, takze
timto by se dalo vyfesit ,,spojeni* rovnice linearni s rovnici nelinearni?!!, ano? JenZe objem je
tifidimenzionalni, hranice je dvoudimenzionalni... AZ na to, ze je tieba zvazit velka
upozornéni. V korespondenci AdS/CAT jsou ¢tyfi dimenze na hranici vSechny dimenze
prostoru. Tomu nerozumim...Zda se, Ze Zijeme ve ¢tyfrozmérném vesmiru, ale jednou z
téchto dimenzi je ¢as — pouze tii jsou prostorové dimenze. A cokdyz to tak neni. !! Navic ta
konformni teorie pole
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Zda se, Ze na hranici je velmi blizky kvantové fyzice, ale neni dokonaly. ?? nerozumim Tak

(11)- for now, AdS/CFT correspondence is not a complete description of our reality. But
when AdS/CFT correspondence was first proposed in the late 1990s by the Argentine physicist
Juan Maldacena, it was a shot in the arm for an older theory known as the holographic
principle. The hologram on the back of a credit card may give the illusion of looking three
dimensional, but in reality all the information is encoded on a 2D card. Likewise, with
AdS/CFT correspondence, all the information about the 5D bulk is encoded on the 4D
boundary. In fact, AdS/CfT is sometimes called Maldacena duality for this very reason. It is
also possible to take the same idea and drop down a dimension or two. Our universe seems to
have three spatial dimensions,
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but could all the information about this universe actually be encoded on some distant

2D boundary? Could the whole cosmos be a hologram? It's certainly a tantalising prospect -
one that helps physicists solve other thorny issues such as what happens to information
falling into black hole. However, the holographic principle remains notoriously hard to test.
Yet it is a great illustration of the mental gymnastics and flights of fancy that physicists are
willing to endure in the search for answers to one of the universe's greatest of



questions. We've known for nearly a century that the universe is expanding. The work of
Gauss and Riemannian led us to Einstein, who told us that the universe doesn't need to be
expanding into anything at all. And yet, the idea of higher dimensions just won't go away.
Should we ever find them, “What
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is the universe expanding into?” certainly won't be the only monumental question being
answered.

(11)- korespondence AdS/CfT eni uplnym popisem nasi reality. Kdyz vSak
korespondenci AdS/CfT poprvé navrhl koncem 90. let argentinsky fyzik Juan Maldacena,
byla to stiela do paze starsi teorii zndmé jako holograficky princip. Hologram na zadni strané

kreditni karty mize vyvolavat iluzi trojrozmérného vzhledu, ale jsou
viechny zakédovany A k emu to je/bylo/bude dobré?? Stejné tak u
korespondence AdS/CAT jsou vSechny informace o 5D hromadné zakédovany na hranici 4D.
A k cemu to je/bylo/bude dobré?? Ve skute¢nosti se AdS/CAT pravé z tohoto diivodu nékdy
nazyva dualita Maldacena. Je také mozné vzit stejnou myslenku a rozbalit jednu nebo dve
dimenze. Zda se, Ze nd$ vesmir ma tfi prostorové dimenze,
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ale mohly by byt vSechny informace o tomto vesmiru skute¢né zakédovany na néjaké
vzdalené 2D hranici? A k ¢emu to je/bylo/bude dobré?? Mohl by byt cely vesmir
hologramem? A k ¢emu to je/bylo/bude dobré?? Je to jisté vzrusujici vyhlidka — ta, kterd
fyzikiim pomaha tesit dalsi ozehavé problémy, jako je to, co se stane s informacemi
padajicimi do ¢erné diry. Jakou ma informaci neutrino, lambda ezonance, graviton, elektron...
Nicméné holograficky princip zlistava notoricky tézko testovatelny. Piesto je to skvéla
ilustrace [mentalni gymnastiky a letd fantazie, aha, uz tedy vim k emu to je/bylo/bude
dobré?? které jsou fyzici ochotni podstoupit pii hledani odpovédi na jednu z nejvétsich otazek
vesmiru. Uz téméf stoleti vime, Ze se vesmir rozpina. Rozbaluje se v rané historii, pak v
budoucnosti se rozbaluje ve skoro linedrnim provedeni... Prace Gausse a Riemanniana nas
ptivedla k Einsteinovi, ktery nam tekl, ze vesmir se nemusi rozpinat viibec do ni¢eho. O.K. A
piesto §§ich dimenzi jen tak nezmizi. Hura, nezmizela. Ja ji uplatnil v HDV.
Kdybychom je n¢kdy nasli, ,,Co? Nehledate tam kde hledat mate...
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Expanduje vesmir?" jisté¢ nebude jedinou monumentalni otdzkou, na kterou se bude
odpovidat. Rozbaluji se dimenze a postupné se rozbali vSechny (i ty extra ve hmot€) a tto
bude Vesmir opét na zacatku nového Big-bangu €.2, pak €. 3, atd... .

JN, 20.02.2025
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