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What Actually Are Space And Time?

Co jsou vlastné prostor a cas
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(01)- A hundred trillion years from now, the last of a great civilisation hides in the darkness.
Throughout their glory days, their engineers worked entire star systems. They dismantled
planets and asteroids to construct an immense interstellar empire. But now, in the twilight of
their time, all of this is long gone. All around them, the universe is dying as the last of the
stars are going out. Over countless millennia, the sky has continued to fade into an eternal
night. The aging universe gripped by desolation and decay, And so, in the darkness, they wait
for the end. Long before they had realized it was coming They knew that the universe was on
a path of inevitable decline. Methodically they hunted for a final place to wait out eternity.
And embarked on their last great feat of engineering. Around a lost and lonely black hole,
they built a new home. With demolished worlds as raw material, they constructed a shell to
completely enclose the darkness. And within this thin shell, barely withstanding the
gravitational grip of their savior, They eked out their meagre lives. The dwindling light of
dying stars rained down upon their final home, Whilst the swirling black hole was harvested
to power their existence. But more than that, the black hole at their heart gave them greatest
gift of all, For the black hole gave them time. No one remembered the name of the great
scientist who had discovered the nature of time. But the astro-engineers knew that time was
not the same across the cosmos. And here, within the immense gravity of the black hole, time
trickled more slowly. Whilst many years passed outside, mere moments flashed by within the
immense sphere. And so the last of the civilisation watched the future play out in front of
them. But they knew that they had only delayed, not averted, their ultimate demise. And the
darkness would inevitably envelop them forever and ever. Of course, this story is little more
than speculation. But it is built on a scientific idea that changed our universe. It’s been more
than a century since Einstein’s relativity shook up our understanding of time and space. But
how does it really work? And what does it actually mean? Both time and space seem so
commonplace, so obvious, so everyday. But beneath their ubiquity they hide a multitude of
unanswered questions - questions to which Einstein's theories only begin to answer. What is
space made of? Does time exist? And will hunting for their ultimate nature lead to sudden
clarity, or will space and time just become more elusive? “Einstein offered them lunch, and
they accepted. So he moved a whole bunch of papers from the table, opened four cans of
beans with a can opener, heated them, stuck a spoon in each and that was our lunch.” Albert
Einstein was a busy man, and often missed lunch. And that was back in 1915 - in the century
since our lives have only become more chaotic. And that is why a meal kit service like
HelloFresh is so great. Hellofresh delivers fresh, high quality produce straight from the farm
to your door, with more than 55 weekly meal options. Great for everyone - especially if you
want to get or stay fit and healthy. | am a big fan of fitness and eating the right food - but in
honesty sometimes there just aren't enough hours in the day and a microwaveable meal seems
like the only option. Hellofresh has saved me from this tasteless horror. The kits are fool
proof, genuinely really hard to get wrong, and that is coming from an absolute cooking
disaster. And last but definitely not least, a recent survey has found their meals have been


https://www.youtube.com/watch?v=yPVQtvbiS4Y

found up to 72% cheaper than dining out or grocery shopping. Go to HELLOFRESH.COM
and use code HISTORY'16 for up to 16 FREE MEALS and 3 surprise gifts. 16 free meals!
This is a great company, and a smart way to eat healthily - and the cherry on top is that they
are also carbon neutral. A big thanks to HelloFresh for supporting educational content on
YouTube. What Is Space? As the lonely world lingered on, Its beating heart warped the very
fabric of the universe around it. The civilisation had done everything they could to keep
going, to put off the inevitable. But try as they might, they could only bend reality. They
could not break it. "Behind it all is surely an idea so simple, so beautiful, that when we grasp
it - in a decade, a century, or a millennium - we will all say to each other, how could it have
been otherwise? How could we have been so stupid?" What is space? The question seems
almost meaningless. As children we learn to describe our surroundings as up-down, left-right,
back-and-front. We call it three dimensional and are free to explore each dimension.

(01)- Za sto bilioni let se posledni z velké civilizace skryva v temnoté. Béhem jejich
slavnych cast jejich inZenyti pracovali na celych hvézdnych soustavach. Rozebrali planety a
asteroidy, aby vybudovali obrovskou mezihvézdnou fisi. Ale ted’, v Seru jejich doby, je tohle
vSechno davno pry¢. VSude kolem nich vesmir umira, protoze posledni hvézdy zhasinaji. V
prabéhu bezpoctu tisicileti se obloha nadale proménuje ve vécnou noc. Starnouci vesmir
sevieny zkazou a rozkladem, a tak v temnot¢ ¢ekaji na konec. Dlouho ptedtim, nez si
uvédomili, Ze se to blizi, védéli, Ze vesmir je na cesté nevyhnutelného upadku. Metodicky
hledali kone¢né misto, kde by cekali vé¢nost. A pustili se do svého posledniho velkého
inZenyrského pocinu. Kolem ztracené a osamélé ¢erné diry postavili novy domov. Se
zbofenymi svéty jako surovinou zkonstruovali skotfapku, aby Gpln€ uzavteli temnotu. A v této
tenké skotapce, stézi odolavajici gravitatnimu sevieni svého zachrance, prozili své skrovné
zivoty. Ubyvajici svétlo umirajicich hvézd prselo na jejich posledni domov, zatimco vifici
¢erna dira byla sklizena, aby pohanéla jejich existenci. Ale vic nez to, Cerna dira v jejich srdci
jim dala nejvétsi dar ze vSech, protoze ¢erna dira jim dala Cas.

Fantasmagorie, za které bych ja dostal od ,,svych védeckych kritikti* desétky plivancu...
Nikdo si nepamatoval jméno velkého védce, ktery ‘Objevil podstatu éasul. To jako uz je dnes
néjaky takovy védec?, co objevil podstatu ¢asu? Ale astro-inzenyii védéli, Ze ¢as neni v celém
vesmiru stejny. Autor zde ma na mysli ziejmé ,,tempo plynuti ¢asu®...nicht wahr? A tady, v
nesmirné gravitaci ¢erné diry, ¢as ubihal pomaleji....z hlediska vnéj$iho pozorovatele, ktery si
zvolil soustavu Xx,y,z,t,.. a sebe pasoval ,,do nuly* v té soustavé...ze, ? Ale ten tok plynuti a
zmény tempa plynuti asu, to neni vyklad o ,,podstaté ¢asu“ !, Zatimco venku mimo CD
uplynulo mnoho let, v obrovskeé sféte se mihly pouhé okamziky. A tak posledni z civilizace
sledovali, jak se pfed nimi budoucnost odehrava. Védéli vsak, ze svij konecny zanik pouze
oddalili, nikoli odvratili. A temnota je nevyhnuteln€ zahali navzdy a navzdy. Tento piib¢h je
samoziejmeé o néco vic neZ jen spekulace. Ale je postaven na védecké mysSlence, ktera
zménila nas§ vesmir. Myslenky neméni vesmir... Je to vice nez stoleti, co Einsteinova teorie
relativity otfasla nasim chapanim Casu a prostoru. Zatim jste pouze navrhli ,,Spojit ,,skalarni*
(jednodimenzionalni ¢as s ,,vektorovym* téi dimenzionalnim prostorem... Jak to ale
doopravdy funguje? A co to vlastné znamena? Cas i prostor se zdaji tak b&zné, tak ziejmé, tak
kazdodenni. Ale pod svou vSudyptitomnosti skryvaji mnozstvi nezodpoveézenych otazek —
otazek, na které Einsteinovy teorie teprve zacinaji odpovidat. Z ¢eho se sklada prostor?
Existuje ¢as? A povede honba za jejich kone¢nou pfirozenosti k nahlé jasnosti, nebo se
prostor a ¢as prosté stanou nepolapitelnéj$§imi? ,,Einstein jim nabidl obéd a oni piijali. A tak




piesunul ze stolu celou hromadu papiri, otvirdkem na konzervy oteviel Ctyfi plechovky
fazoli, oht4dl je, do kazdé strcil 1zici a to byl nas obéd." Albert Einstein byl zaneprazdnény
muz a Casto vynechal obé&d. A to bylo v roce 1915 — ve stoleti, kdy se naSe Zivoty staly
chaoti¢téjsimi. A proto je sluzba jidelnich sad jako HelloFresh tak skvéla. Hellofresh dodava
cerstvé, vysoce kvalitni produkty pfimo z farmy az k vaSim dvetim s vice nez 55 moznosti
tydenniho stravovani. Skvélé pro kazdého — zvlasté pokud se cheete dostat nebo zlstat fit a
zdravi. Jsem velkym fanouSkem fitness a spravného jidla — ale upfimné feceno, n€kdy prosté
neni dost hodin denné a Jidlo v mikrovinné troubé se zda byt jedinou moznosti. Hellofresh mé
zachranil pied timto nevkusnym hororem. Soupravy jsou hloupé, opravdu je tézké se mylit, a
to pochazi z absolutni kuchai'ské katastrofy. A v neposledni fad¢ nedavny prizkum zjistil, ze
jejich jidla jsou az o 72 % levnéjsi nez stolovani nebo nakupovani potravin. Piejdéte na
HELLOFRESH.COM a pouzijte kod HISTORY 16 pro az 16 JIDEL ZDARMA a 3
piekvapeni. 16 jidel zdarma! Je to skvé€la spolecnost a chytry zptsob, jak jist zdraveé — a
treSnickou navrchu je, Ze jsou také uhlikové neutrdlni. Velké diky HelloFresh za podporu
vzdélavaciho obsahu na YouTube. Co je vesmir? Jak se osamély svét zdrzoval, jeho tlukouci
srdce pokftivilo samotnou strukturu vesmiru kolem né;j. Civilizace ud¢lala vSe, co mohla, aby
pokracovala, aby oddalila nevyhnutelné. Ale at’ se snazili sebevic, mohli jen ohybat realitu.
Nemohli to zlomit. "Za tim v§im je jist¢ mySlenka tak jednoducha, tak krasna, ze kdyz ji
pochopime - za desetileti, stoleti nebo tisicileti - budeme si vSichni fikat, jak to mohlo byt
jinak? Jak jsme mohli byl tak hloupy?" co je prostor? Otazka se zda témé&f nesmyslna. Jako
déti se u¢ime popisovat nase okoli jako nahofe-doltl, vlevo-vpravo, zezadu a zepfedu. Rikame
tomu tfirozmérné a mizeme volné prozkoumat kazdou dimenzi.

(02)- But just what is it, this universal platform on which we play out our lives? It is a
question that occupied the minds of the earliest philosophers. In the fourth century BC, Plato
declared that space was the “The Nurse of Becoming”, a medium in which everything existed,
but with no qualities of its own - and his student Aristotle agreed that an empty void was
impossible. But it would be more than two thousand years before our concept of space was
born. By the coming of the seventeenth century, modern science was crystallizing. The
processes of the universe were being codified into physical laws. And the understanding of
these physical laws was evolving from myths and stories, to the language of mathematics. Of
course, Isaac Newton was at the forefront of this revolution. But before he enters our stage,
we must first start with a boat. In 1632, Galileo published his seminal work “Dialogue
Concerning the Two Chief World Systems”. He was in his mid 60s by this point, and had
already had multiple run-ins with the Roman Inquisition for his assertions that the earth
rotated around the sun. So he had decided to skirt controversy, and spend the intervening
years quietly cementing his myriad ideas on space and the cosmos into a book. And at one
point within this book, he muses on a boat. More specifically - the life of a sailor locked
below deck in a windowless cabin. With plates and knives and a goldfish in a bowl on the
table - a collection of birds, flies, and butterflies. Just what does the sailor experience? Tied
up in port, the cabin is a picture of serenity, and all is calm as the goldfish swims happily in
its bowl. On the table, plates and cutlery remain in their place, and the flying creatures happily
flutter about. But finding itself in rough seas, the cabin heaves and falls with the ship. Plates
and cutlery are wrenched off the table, water spills from the goldfish bowl. On calm seas with
wind-filled sails, the ship would speed up. The sailor would feel this change, and see things
sliding off the table. But when the wind finally drops, the ship sails smoothly on the glassy



sea. Inside the cabin, all would be calm, serenity returning. For the sailor, it would be as if the
ship was still in port and was not moving at all. A dropped plate would fall straight to the
floor, and the sailor would sit comfortably in their chair. And it was here Galileo realised
something. Without a window to reveal the truth, there are no experiments the sailor could do
to reveal whether the ship was moving or not. He concluded that there must be no absolute
concept of being at rest in space. Instead, everyone must experience any smooth, uniform
motion in the same way. All uniform motion must feel like simply being still. Galileo
declared, therefore, that any uniform motion is simply relative to any other uniform motion.
And with this, the first theory of relativity had been born. Galileo’s sailor floats gently on
their sailboat, on seas near the earth's equator - rotating at 1600 km an hour around the earth,
which in turn orbits the sun at 67,000 km an hour, which in turn orbits the milky way at
720,000 km an hour, which in turn is travelling towards the Andromeda galaxy at 403,000 km
an hour. And yet he feels nothing on his vast journey millions of kilometres from his starting
point. Unfortunately upon publishing the book, Galileo once again fell foul of the Catholic
Church - and was found guilty of heresy for his heliocentric view of the cosmos. The work
was banned, and would not be removed from the church’s Index of Forbidden Books until
1835. Within a few decades of Galileo’s downfall, two of Europe’s greatest minds were
arguing about the nature of space. One of them, Isaac Newton, was born in England in 1642,
within a year of Galileo’s death. He needs little introduction, and is known now as one of the
greatest thinkers of his age, perhaps one of the greatest of all time. Whilst not forgotten, his
opponent, Gottfried Leibniz, is somewhat less well known today. Born in 1646 in what is
present-day Germany, he was a leading thinker of his day, writing on mathematics and
philosophy. He pondered deep metaphysical questions, including one that still haunts
physicists and philosophers to this day - why there is something rather than nothing. It was in
the development of calculus that the two men’s feud began. Whilst Leibniz published his
work first, Newton claimed that he had stolen his ideas. As president of the Royal Society at
the time, Newton set up a committee to investigate the dispute. Unsurprisingly the committee
found in favour of Newton. And so this animosity carried over to their second disagreement.
A simple question: What happens to a spinning bucket of water? Space, Newton declared,
was a universal absolute, a rigid stage on which motion was played out. And both would exist
in a universe devoid of matter to experience any motion.

(02)- Ale co to je, tato univerzalni platforma, na které hrajeme své zivoty? Je to otazka, ktera
zamé&stnavala mysl nejstarSich filozof. Ve ¢tvrtém stoleti pt. n. 1. Platon prohlésil, Ze prostor
je »,Sestrou stavani se, médiem, ve kterém vse existuje, ale nema zadné vlastni vlastnosti — a
jeho Zak Aristoteles souhlasil, Ze prdzdné prazdno je nemozné. Ale nez se zrodila nase
koncepce vesmiru, ub&hlo vice nez dva tisice let. S pfichodem sedmnactého stoleti
krystalizovala moderni véda. Procesy vesmiru byly kodifikovany do fyzikdlnich zékond. A
pochopeni téchto fyzikalnich zdkont se vyvijelo od mytl a pfibéhii k jazyku matematiky.
Isaac Newton byl samoziejmeé v Cele této revoluce. NezZ ale vstoupi na nasi scénu, musime
nejprve zacit s lodi. V roce 1632 vydal Galileo své klicové dilo ,,Dialog o dvou hlavnich
svétovych systémech®. V tomto bod¢ mu bylo kolem 60. let a uz mél nékolik sporii s fimskou
inkvizici kvili jeho tvrzenim, Ze Zem¢ se otaci kolem Slunce. A tak se rozhodl vyhnout se
kontroverzi a stravit roky, které uplynuly, tiSe stmelovanim svych nes€etnych myslenek o
vesmiru a kosmu do knihy. A v jednom bod¢ této knihy pfemita na lodi. Pesné&ji — zivot
namoinika zavieného v podpalubi v kajuté bez oken. S talifi a noZi a zlatou rybkou v misce na



stole - sbirka ptakt, much a motyl. Co zaziva namoinik? Kabina uvazana v pfistavu je
obrazem klidu a vsude je klid, zatimco zlata rybka spokojené plave ve své misce. Na stole
zUstavaji talife a pfibory na svém misté¢ a 1étajici tvorové vesele poletuji. Kabina se ale ocitne
na rozboufeném moii a zveda se a pada s lodi. Talife a pfibory jsou strhavany ze stolu, voda
se rozléva z misky se zlatou rybkou. Na klidném mofi s plachtami naplnénymi vétrem by lod’
zrychlila. Namotnik by tuto zménu pocitil a vid€l, jak véci klouzou ze stolu. Ale kdyz vitr
konecn¢€ opadne, lod’ hladce pluje po sklenéném mofi. Uvniti kabiny bude vSe klidné, vrati se
klid. Pro namotnika by to bylo, jako by lod’ byla stale v pfistavu a viibec se nehybala. Spadly
talif by spadl pfimo na podlahu a ndmoinik by se pohodIn¢ usadil na zidli. A prave tady si
Galileo néco uvédomil. Bez okna, které by odhalilo pravdu, neexistuji zadné experimenty,
které by namoinik mohl ud¢lat, aby odhalil, zda se lod’ pohybovala nebo ne. Dosel k zavéru,
ze nesmi existovat absolutni koncept klidu ve vesmiru. Misto toho musi kazdy zazit jakykoli
hladky, rovnomérny pohyb stejnym zpiisobem. Veskery stejnomérny pohyb musi byt prosté
nehybny. Galileo proto prohlasil, Ze jakykoli rovnomérny pohyb je jednoduse relativni k
jakémukoli jinému rovnomérnému pohybu. A tim se zrodila prvni teorie relativity. Galiletiv
namotinik jemné pluje na své plachetnici, na mofich pobliz zemského rovniku - rotuje
rychlosti 1600 km za hodinu kolem Zemé, ktera zase obiha kolem Slunce rychlosti 67 000 km
za hodinu, kter4 zase obiha kolem Mlécné drahy ve vzdélenosti 720 000 km. hodinu, ktera se
zase pohybuje smérem ke galaxii Andromeda rychlosti 403 000 km za hodinu. A pfesto na
své obrovskeé cesté miliony kilometr od vychoziho bodu nic neciti. Bohuzel po vydani knihy
se Galileo znovu dostal do konfliktu s katolickou cirkvi - a byl shledan vinnym z kacitstvi pro
svij heliocentricky pohled na vesmir. Dilo bylo zakdzano a z cirkevniho indexu zakazanych
knih bude odstranéno az v roce 1835. Béhem né¢kolika desetileti po Galileoveé padu se dva z
nejvétsich evropskych mozkt dohadovali o povaze vesmiru. Jeden z nich, Isaac Newton, se
narodil v Anglii v roce 1642, rok po Galileové smrti. Potfebuje malo pfedstavovani a nyni je
znamy jako jeden z nejvétSich mysliteld své doby, mozna jeden z nejvétsich vSech dob. I kdyz
neni zapomenuto, jeho protivnik Gottfried Leibniz je dnes pon¢kud méné znamy. Narodil se v
roce 1646 v dneSnim Némecku a byl pfednim myslitelem své doby, psal o matematice a
filozofii. Zamyslel se nad hlubokymi metafyzickymi otdzkami, véetné té, ktera fyziky a
filozofy dodnes pronasleduje — pro¢ existuje spise néco nez nic. Spor obou muzi zacal ve
vyvoji kalkulu. Zatimco Leibniz publikoval svou préci jako prvni, Newton tvrdil, ze ukradl
jeho népady. Newton jako tehdejsi prezident Kralovské spolecnosti ustavil vybor, ktery mél
spor prosetfit. Neni pifekvapenim, ze komise dala za pravdu Newtonovi. A tak se tato
nevrazivost prenesla 1 do jejich druhé neshody. Jednoduché otazka: Co se stane s to¢icim se
védrem s vodou? Prostor, prohlésil Newton, je univerzalni absolutno, pevné jevisté, na kterém
se odehrava pohyb. A oba by existovali ve vesmiru bez hmoty, aby zazili jakykoli pohyb.

(03)- To argue his point, Newton asked us to think of a bucket of water. If the bucket sits at
rest, the surface of the water would be flat and level. But if we spin the bucket, the water spins
too and its surface becomes curved. Newton asked “Just what is the water spinning with
respect to?” Newton claimed that the acceleration of the spin was relative to an absolute space
- something separate to the object itself - spinning a bucket in an empty universe would also
curve the surface of the water. But to Leibniz, space in an empty universe, devoid of any
matter, simply made no sense. The properties of objects, Leibniz claimed, are essential in
defining their meaning. Space only has meaning, in the relative locations of objects. And
similarly, time only had meaning when discussing the relative motions of objects. Without



matter Leibniz said, space and time simply have no role, and hence no existence. Sadly,
Liebniz died in 1716, with the argument still in full swing - but it was Newton's ideas that
stuck. “Absolute space, in its own nature, without relation to anything external, remains
always similar and immovable, Absolute, true, and mathematical time, of itself, and from its
own nature, flows equally without relation to anything external.” This so-called “absolute
space and time” would be the accepted science for nearly two centuries - but with the caveat
of Galileo’s rejection of absolute rest. Absolute space may have won the debate - but absolute
rest, a fixed point - was still an impossibility. Relativity was still part of the argument. But
that only applied to space. Time was a totally different matter. With its implicit direction, time
appeared totally distinct. For Newton and Galileo, everyone’s clock across the universe ticked
with absolute synchronicity. A universal beat that ran through every event in the cosmos. A
second on Earth the same as a second everywhere else. But is this true? Is time malleable or
an unswerving metronome that drags the cosmos forward? Does it itself have properties or is
it defined only by the events that run in its current? To answer these questions we must begin
not with physicists wondering about clocks, rulers and motion. But with heat. What Is Time?
In the distant future universe, around the aging black hole, our dying civilization sits and
waits. For sitting and waiting is all they can do. With the passing of the stars, raw energy had
become the most precious thing. To preserve what they had, they had slowed their very
existence. Every aspect was focused upon survival, as their sleepy eyes watched the ever
darkening skies. As total universal heat death crept across the cosmos, They realised that time
was their ultimate enemy. "You may see a cup of tea fall off a table and break into pieces on
the floor... ... but you will never see the cup gather itself back together and jump back on the
table.” What is time? Like space, the nature of time occupied the minds of many ancient
thinkers. In ancient Greece, Aristotle stated that time was simply the steps between before and
after, whilst Hindu philosophers saw time as cyclical, from creation to destruction over four
billion years. But it's true origin remained elusive. Like space, time seems to be something
obvious, something that is just present. But it is clearly a different beast - we cannot freely
travel through time. Unlike space, time has a direction - a distinct past and coming future. As
with space, scientists can be pragmatic and not worry about the nature of time. Coupled with a
ruler, a clock completes the experimenter’s toolbox. But it doesn’t mean we can ignore the
question. And to understand time fully, we first have to think about horses and steam engines.
The coming of the industrial revolution presented humanity with a problem. The original
engines of civilization, draught animals like horses and cattle, were relatively simple things.
Understanding how much to feed them and how much to work them was easy. A certain
number of bales of hay could guarantee a day’s work from a well-fed animal. But what of
new-fangled machines, such as a steam engine? How much work can you get out of a heap of
coal? This was an important question from an economic standpoint. Do you replace a horse
with an engine if it is going to cost more to feed it? And it was out of this conundrum that
thermodynamics was born. Many minds wrestled over the question of the ultimate efficiency
of engines. Indeed - at the time of thermodynamics inception, a typical engine only worked at
3%. In a physical steam engine, the heat of the fire is used to boil water, But some of the fire’s
heat just radiates into the air. Metal scrapes against metal, screeching loud and hot to the
touch - both forms of energy loss. In any physical steam engine, this loss of heat as waste is
inevitable. Within the mathematics of thermodynamics, perfect efficiency was found to be an
illusion.



(03)- Aby argumentoval, Newton nas pozadal, abychom mysleli na kbelik vody. Pokud bude
kbelik v klidu, hladina vody by byla rovna a rovna. Pokud vSak kbelik roztocime, voda se
roztoci také a jeji povrch se zaktivi. Newton se zeptal: "Pro€ se ta voda to¢i?" Newton tvrdil,
ze zrychleni rotace je relativni k absolutnimu prostoru — né¢emu oddélenému od samotného
objektu — roztoceni kbeliku v prazdném vesmiru by také zakfivilo hladinu vody. Leibnizovi
vSak prostor v prazdném vesmiru, postradajicim jakoukoli hmotu, prosté nedaval smysl.
Vlastnosti objekti, tvrdil Leibniz, jsou zasadni pii definovani jejich vyznamu. Prostor ma
vyznam pouze v relativnich umisténich objekti. A podobné ¢as mél vyznam pouze pfi diskuzi
o relativnich pohybech objekti. Bez hmoty fekl Leibniz, prostor a ¢as prosté nemaji zddnou
roli, a tudiz zddnou existenci. Je smutné, Ze Liebniz zemftel v roce 1716, s argumentem stale v
plném proudu - ale byly to Newtonovy myslenky, které zistaly. "Absolutni prostor ve své
vlastni ptirozenosti, bez vztahu k ¢emukoli vnéj§imu, zistava vzdy podobny a nehybny,
Absolutni, pravdivy a matematicky Cas sdm o sobé¢ a ze své vlastni podstaty plyne stejné bez
vztahu k ¢emukoli vnéjSimu." nazyvany ,,absolutni prostor a ¢as“ by byl uzndvanou védou po
téméi dvé stoleti — ale s vyhradou Galileiho odmitnuti absolutniho klidu. Absolutni prostor
mozna vyhral debatu — ale absolutni klid, pevny bod — byl stale nemozny Relativita byla stale
soudasti argumentu. Ale to platilo pouze pro prostor. Cas byl ipIné jina zaleZitost. Se svym
implicitnim smérem se ¢as zdal zcela odliSny. Pro Newtona a Galilea hodiny kazdého ve
vesmiru tikaly s absolutni synchronicitou. Univerzalni beat, ktery probéhl kazdou udélosti ve
vesmiru. Sekunda na Zemi stejné jako sekunda vSude jinde. Ale je to pravda? Je ¢as tvarny
nebo neochvéjny metronom, ktery tdhne vesmir kupfedu? Ma sdm o sobé€ vlastnosti nebo je
definovan pouze udalostmi, které bézi v jeho proudu? Abychom na tyto otdzky odpovédéli,
nesmime zacit tim, Ze by se fyzikové zajimali o hodiny, pravitka a pohyb. Ale s teplem. Co je
¢as? Ve vzdaleném budoucim vesmiru, kolem starnouci ¢erné diry, nasSe umirajici civilizace
sedi a ¢eka. Pro sezeni a ¢ekani je vSe, co mohou délat. S prechodem hvézd se surova energie
stala tou nejcennéjsi véci. Aby zachovali to, co méli, zpomalili svou samotnou existenci.
Kazdy aspekt byl zaméten na preZiti, zatimco jejich ospalé oci sledovaly stale temnouci
oblohu. KdyZ se vesmirem pliZila totalni univerzalni tepelnd smrt, uvédomili si, Ze Cas je
jejich hlavnim nepfitelem. "Muzete vidét, Ze $alek Caje spadne ze stolu a rozbije se na
podlaze... ...ale nikdy neuvidite, Ze by se Salek shromazdil a skocil zpét na stil." Co je Cas?
Stejné jako prostor zaméstnavala povaha ¢asu mysl mnoha starovékych myslitelt. Ve
starovékém Recku Aristoteles prohlasil, ze ¢as byly jednoduse kroky mezi pred a po, zatimco
hinduisticti filozofové videli ¢as jako cyklicky, od stvofeni po zni¢eni po dobu Ctyt miliard
let. Ale jeho skute¢ny plivod zistal nepolapitelny. Stejné jako prostor se €as zda byt né¢im
samoziejmym, nécim, co je prave piitomné. Ale je to zjevné jina Selma - nemiiZzeme svobodné
cestovat Casem. Na rozdil od prostoru ma ¢as smér — zietelnou minulost a nadchazejici
budoucnost. Stejné jako v ptipadé vesmiru mohou byt védci pragmati¢ti a nestarat se o
povahu ¢asu. Hodiny ve spojeni s pravitkem dopliiuji sadu nastroji experimentatora. Ale to
neznamend, ze muzeme otazku ignorovat. A abychom plné porozuméli ¢asu, musime nejprve
myslet na koné a parni stroje. Pfichod primyslové revoluce postavil lidstvo pted problém.
Piivodni motory civilizace, tazné zvitata jako kon¢ a dobytek, byly relativn¢ jednoduché véci.
Bylo snadné pochopit, jak moc je krmit a jak moc s nimi pracovat. Urcity pocet balikl sena
by mohl zajistit celodenni praci dobie ziveného zvirete. Ale co nové stroje, jako je parni stroj?
Kolik prace miiZzete dostat z hromady uhli? To byla diilezita otdzka z ekonomického hlediska.
Nabhradite kon¢ motorem, pokud bude jeho krmeni drazsi? A praveé z tohoto rébusu se zrodila
termodynamika. Mnoho hlav se potykalo s otazkou maximalni G¢innosti motorti. Skute¢né — v
dobé¢ nastupu termodynamiky typicky motor pracoval pouze na 3 %. Ve fyzickém parnim



stroji se teplo ohn¢ pouziva k vaieni vody, ale Cast tepla z ohn¢ vyzaiuje do vzduchu. Kov
Skrabe o kov, je hlasity a horky na dotek - obé formy ztraty energie. V kazdém fyzikalnim
parnim stroji je tato ztrata tepla jako odpadu nevyhnutelna. V matematice termodynamiky
bylo zjisténo, ze dokonald ucinnost je iluzi.

(04)- Energy is always lost as heat flows from one place to another. The concentrated energy
released from burning coal must be degraded as it flows through the engine and some must be
lost into the surroundings. And so a new measure was introduced to account for this increase
of decay and disorder. Entropy. And it is probability that dictates how this happens. As the
early 20th century physicist George Gamow put it: "For exactly the same reason the room in
which you sit reading this book is filled uniformly by air from wall to wall and from floor to
ceiling, and it never even occurs to you that the air in the room can unexpectedly collect itself
in a far corner, leaving you to suffocate in your chair. However, this horrifying event is not at
all physically impossible, but only highly improbable.” Gamow goes on to give the waiting
time of such an event - trillions upon trillions times longer than the entire age of the universe.
Disorder is always statistically far more likely. Through the new laws of thermodynamics
physicists revealed an inexorable growth in entropy as the universe marches on - a future
universe destined to be more disordered and decayed than today’s. Not only steam engines,
but whole planets, stars, galaxies, filaments - all marching from order to disorder. It was in
1862 that the grim logical endpoint of these ideas was proposed, by Lord Kelvin, for whom
the measurement unit was named:"... although mechanical energy is indestructible, there is a
universal tendency to its dissipation, which produces...exhaustion of potential energy through
the material universe. The result would inevitably be a state of universal rest and death, if the
universe were finite and left to obey existing laws." And so, was this time? A constantly dying
universe heading for inevitable heat death? Stars going out one by one in a steady march from
potential energy to waste leaving the trillion year old universe dark and spent? One of the
great minds to occupy themselves with entropy and the arrow of time was James Clerk
Maxwell, the iconic Scottish nineteenth century scientist. His views on thermodynamics
shaped our understanding of heat and gases - and he did all this with the assistance of a
demon. Maxwell understood the implications of entropy. He knew that if he mixed two gases,
one hot and one cold, the result would be warm gas. And he knew that the gas would stay
warm and mixed rather than separating into two halves, with hot gas in one and cold in the
other. But he wondered - what if we introduced a tiny demon who can sense each and every
atom in the gas. This demon can turn around atoms, directing slow atoms to one side, and fast
to the other. As the temperature of a gas is a reflection of the average speed of its atoms, The
demon has effectively separated the warm gas into two unequal halves, one hot, and one cold.
The demon seems to have broken the laws of thermodynamics. It has taken the disordered
state, the warm gas, and created a more ordered state, hot and cold gas. And whilst only a
thought experiment - arguments over the meaning of Maxwell’s demon have raged for over
150 years. Some have stated that the demon must be expending energy to sort the gas atoms,
And so total entropy will continue to rise. However - some have proposed that it is not energy
that is important, But the fact that the demon uses information, namely the speeds of the
atoms, to do the sorting. Linking energy, entropy and information might seem a little strange,
But over the last three-quarters of a century, This link has become stronger and stronger. And
as any touch of a computer will tell you, processing information generates a lot of waste heat.
But the situation is more complex than that. It is not simply the processing of information that



leads to waste heat, but the forgetting of information. When we add three and two, the answer
is, of course, five. But if | told you an answer was five and ask what two numbers are summed
together, you cannot answer. In a computer, logic gates combine electronic signals to do the
addition - Whilst two numbers are fed in, they are forgotten as the single answer is spat out.
The calculation is irreversible, the inputs lost to the universe. And, in the action of forgetting,
the logic gates heat up a little. Thermodynamics therefore provides us with the ultimate limit
for forgetting. Called the Landauer limit, it is the inevitable release of energy from erasing a
single bit of information. And at room temperature it is just over 100th of an electron volt.
Proven experimentally in 2012, scientists believe that at present computer chips produce
thousands of times more heat than this limit - but by 2035,

(04)- Energie se vzdy ztraci, kdyz teplo proudi z jednoho mista na druhé. Koncentrovana
energie uvolnénd ze spalovani uhli se musi pfi pritoku motorem degradovat a ¢ast se musi
Ztratit do okoli. A tak bylo zavedeno nové opatieni, které mélo tento narist rozkladu a
neporadku vysvétlit. Entropie. A je to pravdépodobnost, ktera urcuje, jak se to stane. Jak fekl
fyzik z pocatku 20. stoleti George Gamow: ,,Pfesné ze stejného diivodu je mistnost, ve které
sedite a Ctete tuto knihu, zaplnéna rovnomérné vzduchem od stény ke sténé a od podlahy ke
stropu, a nikdy vés ani nenapadne, Ze vzduch v mistnosti se mize ne¢ekané shromazdit ve
vzdaleném rohu a nechat vés udusit se na zidli. Tato désiva udélost vSak neni viibec fyzicky
nemozna, ale pouze vysoce nepravdépodobnd.” Gamow déle uvadi dobu ¢ekani na takovou
udalost — biliony a biliony krat delsi nez cely veék vesmiru. Porucha je vzdy statisticky
mnohem pravdépodobné;jsi. Prostfednictvim novych zdkonl termodynamiky fyzikové odhalili
neuprosny rist entropie, jak vesmir pochoduje dal — budouci vesmir, ktery bude vice
neusporadany a rozpadly nez ten dnesni. Nejen parni stroje, ale celé planety, hvézdy, galaxie,
vlakna — to v§e pochoduje od fadu k nepotradku. Bylo to v roce 1862, kdy lord Kelvin navrhl
ponury logicky konec téchto myslenek, pro kterého byla mérné jednotka pojmenovéna:
,»---ackoll je mechanicka energie neznicitelna, existuje univerzalni tendence k jejimu
rozptylovani, které zplisobuje... vyCerpani. potencidlni energie prostfednictvim hmotného
vesmiru. Vysledkem by nevyhnutelné byl stav univerzalniho klidu a smrti, pokud by byl
vesmir konecny a ponechan, aby se fidil existujicimi zdkony." A bylo to tentokrat? Neustale
umirajici vesmir mifici k nevyhnutelné tepelné smrti? Hvézdy vychazejici jedna po druhé v
neustalém pochodu od potencialni energie k odpadu a zanechavaji tak bilion let stary vesmir
temny a vycerpany? Jednou z velkych mysli, ktera se zabyvala entropii a Sipem ¢asu, byl
James Clerk Maxwell, ikonicky skotsky védec devatenactého stoleti. Jeho nazory na
termodynamiku formovaly nase chapani tepla a plynt — a to vSe délal s pomoci démona.
Maxwell pochopil disledky entropie. Védél, Ze kdyz smisi dva plyny, jeden horky a jeden
studeny, vysledkem by byl teply plyn. A védél, ze plyn zustane teply a smiSeny, misto aby se
rozdé€loval na dvé poloviny, s horkym plynem v jedné a studenym v druhé. Ale napadlo ho -
co kdybychom predstavili malého démona, ktery dokédze vycitit kazdy atom v plynu. Tento
démon muze otacet atomy, smérovat pomalé atomy na jednu stranu a rychlé na druhou.
Protoze teplota plynu je odrazem primérné rychlosti jeho atomt, démon uc¢inné rozdélil teply
plyn na dvé nestejné poloviny, jednu horkou a jednu studenou. Zda se, Ze démon porusil
zakony termodynamiky. Vzal neuspotfadany stav, teply plyn, a vytvoftil usporadangjsi stav,
horky a studeny plyn. A i kdyz jde pouze o myslenkovy experiment — SPOry 0 vyznam
Maxwellova démona zufi jiz vice nez 150 let. Néktefi prohlasili, ze démon musi vynakladat
energii na tfidéni atomu plynu, takze celkova entropie bude nadéle stoupat. Nicméne¢ - nekteti



navrhli, Ze to neni energie, kterd je dalezita, ale skute¢nost, Ze démon pouziva informace,
konkrétné rychlosti atom, k tfidéni. Propojeni energie, entropie a informaci se muze zdat
trochu divné, ale za posledni tfi ¢tvrté stoleti se toto spojeni stalo silngjsi a silngjsi. A jak vam
fekne kazdy dotyk pocitace, pfi zpracovani informaci vznika velké mnozstvi odpadniho tepla.
zapominani informaci. Kdyz secteme tii a dvé, odpoveéd’ je samoziejmé pét. Ale kdybych vam
fekl, ze odpoveéd’ je pét a zeptam se, jaka dvé Cisla se scitaji, nemtizete odpoveédeét. V pocitaci
logicka hradla kombinuji elektronické signaly, aby provadély s¢itani - Zatimco jsou vloZena
dve ¢isla, jsou zapomenuta, protoze je vyplivnuta jedina odpoveéd’. Vypocet je nevratny,
vstupy ztraceny pro vesmir. A v akci zapominani se logické brany trochu zahfieji.
Termodynamika nam tedy poskytuje nejzazsi limit pro zapominani. Nazyva se Landauertiv
limit a jednd se o nevyhnutelné uvolnéni energie z vymazani jediného bitu informace. A pfi
pokojové teploté je to néco malo pies 100 elektronvolti. Experimentalné prokdzano v roce
2012, védci se domnivaji, ze v soucasnosti pocitacové Cipy produkuji tisickrat vice tepla, nez
je tento limit - ale do roku 2035

(05)- they will most likely reach it. that tiny bit of waste heat inescapably increasing the
entropy of the universe. Ultimately, across the universe, it is this irreversibility of calculations
that drives entropy to increase. forgetting information is therefore an essential ingredient for
defining an arrow of time. Does this mean that for yesterday and tomorrow to have meaning,
we must forget? Is the existence of the future implicitly tied to our inability to remember?
And it is now we can return to our lonely civilization on the brink of universal heat death, in
the far distant future... When all useful energy is used up, and entropy is at maximum - would
time even have any meaning? Fundamental physics does not yet have a definitive answer, but
it is an intriguing possibility. But we have now reached a turning point. The foundations of
time and space can only get us so far - and though they are useful, there is a revolution
coming. A new order that will lead directly to the last days of our lonely black hole world. As
we continue in our journey, we are going to have to explore new time, and new space.

New Space Within their black hole shell, many of the civilisation resigned themselves to their
fate and dozed their way to the end. But a few curious minds, with their dwindling energy,
still wondered about the universe. Great books that had existed for almost eternity told them
how space could bend and ripple, Central to these books was the story of light. They knew
that light’s speed was immense, and had used it to help measure their empire. They knew that
light was a limit they could never break, no matter how hard they had tried. And they knew
that the speed of light had been the first step in the long journey to understand how the
universe really worked. "When you are next out of doors on a summer night, turn your head
towards the zenith. Almost vertically above you will be shining the brightest star of the
northern skies-Vega of the Lyre, twenty-six years away at the speed of light, near enough to
the point of no return for us short-lived creatures...for no man will ever turn homewards
beyond Vega, to greet again those he knew and loved on Earth.” The speed of light has
always been mysterious. Early experiments in flashing lights back and forth had shown that it
must be much faster than sound. So scientists wondered - was it infinite in speed? It was in
1676 that Danish astronomer Ole Romer finally found the answer. Romer was observing the
moons of Jupiter as they circled the giant planet. And timing just when they entered the gas
giant’s planetary shadow. He had assumed that the orbits ticked like clockwork, And so
would be able to predict just when the eclipses of the moons would begin and end. But as he



observed the moon lo throughout the year, his predictions got steadily worse, and then better
again. It became clear that the accuracy of his predictions depended upon our distance to
Jupiter, And he would need to include the extra time taken by light having to travel further.
And so with Romer’s data fellow astronomer Christian Huygens calculated that light must
move at more than 211,000 km every second, not far off our modern estimate of about
300,000 km per second. Romer’s observations confirmed that light was fast and finite - but
precisely what light was would have to wait for two centuries - for as well as the confusing
implications of James Clerk Maxwell's demon, he is also famous for intertwining electricity
and magnetism into a single idea - electromagnetism. Light, he found, was nothing more than
a self-propagating combination of the two - and written too into his equations was light’s
blistering speed. But there was still a problem. Just what was this speed relative to?
Maxwell’s equations gave no answers, so physicists began to search for a solution. Perhaps,
they hypothesised, light travelled in an invisible medium? A mysterious ether permeating the
entire cosmos? But that would also imply an ultimate state of rest in the universe - a worrying
thought, as that would break Galileo’s relativity. The problem was severe - S0 whilst one
group of physicists set out to measure the properties of this supposed ether, others took the
evidence in front of them and made an even larger leap. And chief among them was a young
Albert Einstein. Einstein wondered why electricity and magnetism would not obey Galileo’s
relativity. Why should experiments specifically using the flow of electricity or spin of a
magnet reveal absolute motion? In a bold step he declared that they cannot. And with that, the
special theory of relativity was born. On Galileo’s ship, Einstein proposed, all experiments
would yield the same results, whether the ship was secured in port, or smoothly sailing on a
glassy sea. Throwing a ball would of course not reveal whether the ship was moving But
neither would measuring the speed of light! The speed of light in a vacuum was constant - no
matter the source.

(05)- s nejvétsi pravdépodobnosti toho dosahnou. ten nepatrny kousek odpadniho tepla
nevyhnutelné zvySujici entropii vesmiru. Nakonec, v celém vesmiru je to praveé tato
nezvratnost vypoctl, ktera pohani entropii ke zvySeni. zapominani informaci je proto zakladni
sloZzkou pro definovani Sipky €asu. Znamena to, ze aby vcerejSek a zitiek mély smysl, musime
zapomenout? Je existence budoucnosti implicitné spojena s nasi neschopnosti pamatovat si?
A pravé ted’ se mizeme vratit do nasi osamélé civilizace na pokraji univerzalni tepelné smrti,
v daleké budoucnosti... AZ bude spotiebovana veskera uzitecna energie a entropie bude na
maximu — mél by ¢as vibec n&jaky vyznam? Fundamentalni fyzika zatim nema definitivni
odpovéd, ale je to zajimava moznost. Ale nyni jsme dosahli bodu obratu. Zaklady casu a
prostoru nas mohou dostat jen tak daleko — a piestoze jsou uzite¢né, pfichazi revoluce. Novy
fad, ktery povede piimo do poslednich dnli naSeho osamélého svéta Cernych dér. Jak budeme
pokracovat v nasi cesté, budeme muset prozkoumat novy ¢as a novy prostor. Novy prostor Ve
své skotapce ¢erné diry se mnoho civilizaci smifilo se svym osudem a zdfimli si cestu az na
konec. Ale n€kolik zvédavych mysli se svou ubyvajici energii stale pfemyslelo o vesmiru.
Skvélé knihy, které existovaly témét vé€nost, jim fekly, jak se prostor mize ohybat a vlnit.
Ustiednim bodem téchto knih byl piibéh svétla. VEd&li, ze rychlost svétla je obrovska, a
pouzili ji k méteni své fiSe. VEdeli, ze svétlo je limit, ktery nikdy nemohou prolomit, bez
ohledu na to, jak moc se snazili. A védéli, Ze rychlost svétla byla prvnim krokem na dlouhé
cesté k pochopeni toho, jak vesmir skutecné funguje. "Az budete ptisté venku za letni noci,
otoCte hlavu k zenitu. TéméF svisle nad vami bude zafit nejjasnéjsi hvézda severniho nebe -



Vega z Lyry, dvacet Sest let daleko rychlosti svétla." , dost blizko k bodu, odkud neni ndvratu
pro nas kratkoveéké tvory... protoze zadny ¢lovek se nikdy neobrati domt za Vegu, aby znovu
pozdravil ty, které na Zemi znal a miloval." Rychlost svétla byla vzdy zdhadnd. Prvni
experimenty s blikajicimi svétly tam a zpét ukdzaly, Ze to musi byt mnohem rychlejsi nez
zvuk. Védci se tedy divili — bylo to nekonecné v rychlosti? Bylo to v roce 1676, kdy dansky
astronom Ole Romer kone¢né nasel odpovéd’. Romer pozoroval mésice Jupitera, kdyz
krouzily kolem obii planety. A nacasovani pravé kdyz vstoupili do planetarniho stinu
plynného obra. Pfedpokladal, Ze obézné drahy Slapou jako hodinky, a tak bude schopen
presné predpovédet, kdy zatméni mésict zacne a skonci. Ale jak pozoroval mésic Io po cely
rok, jeho predpovédi se neustale zhorSovaly a pak zase zlepSovaly. Bylo jasné, Ze piesnost
jeho ptedpovédi zavisi na nasi vzdalenosti k Jupiteru a on bude muset zapocitat ¢as navic,
ktery zabere svétlo, které musi cestovat dale. A tak s Romerovymi daty kolega astronom
Christian Huygens vypocital, ze svétlo se musi pohybovat rychlosti vice nez 211 000 km za
sekundu, coz je nedaleko naSeho moderniho odhadu asi 300 000 km za sekundu. Romerova
pozorovani potvrdila, Ze svétlo bylo rychlé a kone¢né - ale piesné to, co bylo svétlo, bude
muset pockat dvé stoleti - stejné jako matouci disledky démona Jamese Clerka Maxwella, je
také znamy propletenim elektiiny a magnetismu do jediné myslenky - elektromagnetismus.
Zjistil, ze svétlo neni nic jiného nez samo se $itici kombinace téchto dvou — a do jeho rovnic
byla zapsana také rychlost svétla. Ale stale tu byl problém. K ¢emu byla tato rychlost
relativni? Maxwellovy rovnice nedaly zadné odpovédi, takze fyzici zacali hledat fesSeni.
Mozna, predpokladali, svétlo putovalo v neviditelném médiu? Tajemny éter prostupujici cely
vesmir? Ale to by také znamenalo kone¢ny stav klidu ve vesmiru — znepokojiva myslenka,
protoze by to narusilo Galileovu relativitu. Problém byl vazny - takze zatimco jedna skupina
fyzik se pustila do méfeni vlastnosti tohoto domnélého éteru, jini vzali dikazy pred sebe a
udélali jesté vetsi skok. A hlavnim z nich byl mlady Albert Einstein. Einstein uvazoval, pro¢
se elektfina a magnetismus nefidi Galileovou relativitou. Pro¢ by experimenty konkrétné
vyuzivajici tok elektfiny nebo rotace magnetu mély odhalit absolutni pohyb? Odvaznym
krokem prohlasil, ze nemohou. A s tim se zrodila specialni teorie relativity. Einstein navrhl,
ze na Galileové lodi by vSechny experimenty piinesly stejné vysledky, at’ uz byla lod’
zajisténa v pristavu, nebo hladce plula po skelném mofi. Hazeni mic¢e by samoziejmée
neodhalilo, zda se lod’ pohybuje, ale ani méfeni rychlosti svétla! Rychlost svétla ve vakuu
byla konstantni — bez ohledu na zdroj.

(06)- This final statement seemed to fly in the face of the universe as laid out by Newton. In
Newtonian mechanics you could simply add speeds together. And each observer would
measure differing speeds dependent upon their own motion. But according to Einstein, this
was not the case for light. Everyone would measure the same speed. Whether the ship was
stationary, going at 50 knots, or 50,000. However if this was true, something else had to give -
and the only freedom in the equations was the very nature of space and time themselves. To
work, each observer must have their own measurement of space. And each observer must
have their own measurement of time. With special relativity, it was the speed of light that was
absolute - not space and time. Space and time were no longer the universal stage on which
physics played out. And just as Maxwell had combined electricity and magnetism, Spacetime
too was about to unite. “Gentlemen! The views of space and time which I wish to lay before
you ... They are radical. Henceforth space by itself, and time by itself, are doomed to fade
away into mere shadows, and only a kind of union of the two will preserve an independent



reality.” In 1908 Herman Minkowski, Einstein’s former professor, came up with an idea. In
reaction to the revelations of special relativity in 1905, he had decided to explore the
geometry of these new equations. In Einstein’s formulation, space was space and time was
time, And to transform from one observer’s viewpoint to another, you needed to mix the two
together. But Minkowski pointed out that it was simpler to mix space and time together - into
spacetime. And to transform one observer’s spacetime to another through geometry. And so
finally, combined spacetime was born. This new melding of the three dimensions of space and
one dimension of time has come to be known as "Minkowski Space™ - though Minkowski
himself tragically died in 1909 before his idea had been fully embraced by the physics
community. Newtonian space and time had been completely upended - but Einstein was still
not happy. Though his ideas had revolutionized our ideas of space and time, they could not
account for gravity. Newton’s gravitational equations needed the distance between masses
And special relativity now told us that no one could even agree on what these distances were.
So he went back to the drawing board and spent a decade thinking about gravity. What
eventually emerged from these ruminations in 1915 was a solution that shocked physics to its
core. Einstein took Minkowski’s geometric picture of spacetime, and made both space and
time bendy and stretchy, the presence of mass and energy producing the curvature. Within his
general theory, Einstein concluded that gravity, as a force, simply did not exist - the effects of
gravity were encoded within the curvature of space and time. Newton’s picture of space and
time was well and truly dead, for not only were space and time relative, they were flexible as
well. The consequences of Einstein’s vision of relativity were quickly uncovered. In the
special theory the relative tick of clocks depended on motion. And whilst everyone feels time
passing at one second per second, Different clocks will tick off different amounts of time.
With the coming of the general theory, time was shaken even more, As where you are also
influences the tick of your clock. The presence of mass curves space and curves time, And so
gravity can dictate the relative ticking of a clock. In 1916, Karl Schwarzschild solved the field
equations of relativity for a spherical mass, and written inside his equations was a completely
collapsed mass, squeezed into a point, Whilst it did not get its name for another fifty years,
Schwarzschild had the mathematics for a black hole. Schwarzschild’s solution showed that
black holes bend both space and time - and with this intense curvature comes intense
gravitational pulls - not even light able to escape. In the vicinity of a black hole, where
gravitational fields are immense, Time becomes more and more curved as you get closer to
the centre. Compared to clocks in the distant universe, near the heart of darkness time ticks
very slowly. And it wasn't just black holes that sprung from the new equations. In the century
since Einstein’s gravitational insights, many more bizarre solutions have been found.
Throughout the relativistic literature there are wormholes, warp drives and even entire curved
universes. All built from the malleable nature of space and time. In 1919, observations of the
deflection of starlight proved his theory and made Einstein a scientific superstar - and so
scientists turned their attention to measuring the effects of general relativity exactly, to further
cement the concept. One of the weirdest of these experiments was undertaken by Joseph
Hafele and Richard Keating in 1971.

(06)- Zdalo se, Ze toto zaveérecné prohlaseni leti tvafi v tvar vesmiru, jak jej predlozil Newton.
V newtonovské mechanice mizete jednoduse ptidat rychlosti dohromady. A kazdy
pozorovatel by naméfil rizné rychlosti v zavislosti na vlastnim pohybu. To ale podle
Einsteina nebyl piipad svétla. VSichni by naméfili stejnou rychlost. At uz lod’ stala, jela



rychlosti 50 uzlt nebo 50 000. Pokud to vSak byla pravda, muselo dat néco jiného - a jedinou
svobodou v rovnicich byla samotna povaha prostoru a ¢asu. Aby mohl kazdy pozorovatel
pracovat, musi mit své vlastni méfeni prostoru. A kazdy pozorovatel musi mit vlastni méteni
Casu. Se specidlni relativitou to byla rychlost svétla, kterd byla absolutni — ne prostor a cas.
Prostor a Cas jiz nebyly univerzalnim jevistém, na kterém se odehravala fyzika. A stejn¢€ jako
Maxwell kombinoval elektfinu a magnetismus, i ¢asoprostor se chystal sjednotit. "Panové!
Pohledy na prostor a ¢as, které vam chci ptedlozit... Jsou radikalni. Prostor sdm o sob¢ a ¢as
sam o sobé jsou od nyné&jska odsouzeny k tomu, aby zmizely v pouhych stinech, a pouze
jakési spojeni téchto dvou zachova nezéavislou realitu." V roce 1908 Herman Minkowski,
byvaly Einsteinliv profesor, ptisel s napadem. V reakci na odhaleni specidlni teorie relativity v
roce 1905 se rozhodl prozkoumat geometrii t€chto novych rovnic. V Einsteinové formulaci
byl prostor prostorem a ¢as Casem, a abyste se pifeménili z pohledu jednoho pozorovatele na
jiny, museli jste oba smichat dohromady. Minkowski ale poukazal na to, Ze je jednodussi
smichat prostor a ¢as dohromady — do ¢asoprostoru. Takze to (Casoprostor) neni vynalez
Einsteina, ale Minkovského (!) A transformovat ¢asoprostor jednoho pozorovatele na jiny
pomoci geometrie. A tak se nakonec zrodil kombinovany ¢asoprostor. Toto nové spojeni ti
dimenzi prostoru a jedné dimenze ¢asu veslo ve znamost jako ,,Minkowski Space® — ackoli
Minkowski sam tragicky zemfel v roce 1909, nez jeho napad plné piijala fyzikalni komunita.
Newtonovsky prostor a Cas byly zcela pievraceny - ale Einstein stéle nebyl $tastny. Ackoli
jeho myslenky spojeni casu a prostoru (3+1D) zpusobily revoluci v nasich ptedstavach o
prostoru a case, nedokazaly vysvétlit gravitaci. Newtonovy gravitacni rovnice potiebovaly
vzdalenost mezi hmotami a specialni teorie relativity nam nyni fekla, Ze se nikdo nemiize
shodnout na tom, jaké vzdalenosti jsou. Vratil se tedy k rysovacimu prknu a stravil
premyslenim o gravitaci. A nakonec vymyslel ,,podvod*: vymyslel psudo-teseni, tedy
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gravitaci linearizoval pomoci gravita¢ni konstanty, které ptipsal = piid¢€lil rozméry, aby
,vymazal®“ rozmérovou nerovnovahu, nerovnost.

Z téchto tvah v roce 1915 nakonec vzeslo feSeni, které Sokovalo fyziku az do jejiho jadra.
Einstein vzal Minkowského geometricky obraz ¢asoprostoru a u€inil prostor i Cas ohybnym a
pruznym, [pfitomnost hmoty a energie produkovala zakfiveni|. Ja myslim, spi§ naopak: kazdé
kiiveni dimenzi 3+3D produkuje hmotu nebo fyzikélni pole!! Pitomnost hmoty NN
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I zakftiveni, nikoliv _ . V ramci své obecné teorie Einstein dosel k zavéru, Ze
gravitace jako sila prost¢ neexistuje — u€inky gravitace byly zakédovany v zakiiveni prostoru
a ¢asu. Ano, kazda zména kiivosti libovolné dimenze 3+3 Casoprostoru vede k ,,a¢inkiim*
tedy k projeviim fyzikalnich interakci hmoty s hmotou, hmoty s ¢asoprostorem a také
Casoprostor s fasoprostorem...Newtonlv obraz prostoru a ¢asu byl dobfe a skute¢né mrtvy,
protoze prostor a ¢as byly nejen relativni, relativismus je co? Prostor, respektive
‘Cas“, jsou Veliéiny‘ (stoické) a teprve jejich dimenze mohou byt ,,pruzné* tj. ménit sva
zakiiveni a tim velikost intervali v Pozorovatelné, a vede k proméné forem hmoty a
fyzikalnich poli ale také flexibilni. Dusledky Einsteinovy vize relativity byly rychle odhaleny.
Ve specialni teorii relativni tikot hodin zavisel na pohybu. Tikot hodin nesmi zaviset na
pohybu (téch hodin), tikot je ,,nastavené tempo plynuti Casu* a pomoci tohoto ,,zvoleného*
tempa budeme méfit intervaly a zmény intervaltl v realném svété, zmsn véech fyzikalnich
(odvozenych) veli¢in. Opakuji: Ve specialni teorii se méni tempo plynuti ¢asu ve fyzikalnim
prostiedi, nikoliv tempo = tikot hodin. Hodiny jsou mechanizmus (napi. césium) které
,,produkuji — ukrajuji sviyj ¢as*, produkuji ¢asovi intervaly a my zvolime-li si jednotkovy
interval, tak ten porovname s produkci intervali mechanickych nebo pfirodnich hodin. (I
hodiny na kostele produkuji intervaly, které ,,pfevzaly od Slunce a Zem¢). A zatimco kazdy
ma pocit, Ze ¢as ubiha jednou sekundou za sekundu, rizné hodiny odtikavaji rizné mnozstvi
&asu. To je ,terminus-technikus“ t&ch co viibec nevi co to je Cas, co to je tempo plynuti ¢asu
na ¢asovych dimenzich a co to je kiiveni ¢asovych dimenzi z pohledu Pozorovatele... S
prichodem obecné teorie se Cas otiésl jesté vice, protoze to, kde se nachazite, takeé ovliviiuje
tikani vasich hodin. Nikoliv. Hodiny ménit své tikani, své tempo ukrajovani ,,svych*
intervali. Hodiny musi svym ,,konstantnim nastavenim* (nastavenim ptirodou nebo lidmi)
meéfit zmeény tempa plynuti ¢asu ve fyzikalnich procesech. Tempo plynuti ¢asu se méni kolem
nas a my témi hodinkami méfime zmény tempa prostiedi..., atd., to by byl dlouhy vyklad. A
ten je na mych web-strankach Piitomnost hmoty zakiivuje prostor a zaktivuje ¢as, jisté,
pritomnost hmoty ovliviiuje zakfiveni ¢p, a tak gravitace miiZze diktovat relativni tikot hodin.
Ne, gravitace neovliviiuje tikot cezia, ale ovliviuje tempo plynuti ¢asu kolem nas, kolem
hmoty, kolem Zemé. V roce 1916 Karl Schwarzschild vytesil rovnice pole relativity pro
sférickou hmotu a uvniti jeho rovnic byla zapsana zcela zhroucena hmota, stla¢ena do bodu,
zatimco po dalSich padesat let neziskala své jméno, Schwarzschild mél matematiku za n€kolik
let. Cerna dira. Schwarzschildovo feseni ukazalo, 7e &erné diry GhYBaji jak prostor, tak as — a
s timto intenzivnim zaktivenim pfichazi intenzivni gravitacni tah — ani svétlo nemuze
uniknout. Ohybani ¢asu musite chapat jako ,.kiiveni ¢asové dimenze®... a to nikoliv

Vv pozorovatelné Pozorovatele, (ve vlastni zvolené soustavé pozorovatele), ale ve vlastni
soustave testovaneho télesa, testovaného fyzikalniho systému — tam se méni tempo plynuti
Casu a...a to podle STR a...a STR je podle m¢ pootaCenim soustav, tj. soustavy testované od
soustavy Pozorovatele. Tim se méni interval na dané dimenzi...¢asovy interval se natahuje
(nebo naopak), délkovy interval zkracuje (anebo naopak). Ve vlastni soustavé testujeme jinou
soustavu, soustavu v pohybu, v interakci, atd. V blizkosti ¢erné diry, kde jsou obrovska
gravitacni pole, se ¢as ¢im dal vice zaktivuje, zaktivuje se casova dimenze, pootaci se casova
dimenze a tim padem my-pozorovatel, snimame do své pozorovatelny ,,jiny, tj. natoceny
jednotkovy interval nez je velikost nenatoceného intervalu v nasi blizkosti...; zakiivuje se
dimenze, nikoliv ,,abstraktni ¢as-veli¢ina* jak se ptiblizujete ke stfedu. Ve srovnani s
hodinami ve vzdaleném vesmiru fiké €as v blizkosti srdce temnoty Velmi pomalu. Ano, cas
,»tika“ (interval na dimenzi pootoceny) pomalu, nikoliv hodiny-mechanizmus ; mechanizmus




tika stale stejne. A nebyly to jen ¢erné diry, které vzesSly z novych rovnic. Ve stoleti od
Einsteinovych gravita¢nich vhledl bylo nalezeno mnohem vice bizarnich feseni. V
relativistické literatute jsou ¢ervi diry, warp pohony a dokonce celé zaktivené vesmiry. Je
smutné, ze za 100 let nenasli fyzikové (ve svych rovnicich) takovou bizarni véc jako je
pootaceni soustav. A nenasli ji ani za 23 let, kdyz byla polozena na stal >
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Vse postaveno z tvarné povahy prostoru a casu. V roce 1919 pozorovani vychyleni
hvézdného svétla potvrdilo jeho teorii a udélalo z Einsteina védeckou superhvézdu — a tak
védci zaméfili svou pozornost na presné méfeni u€inkli obecné teorie relativity, aby tento
koncept dale upevnili. Jeden z nejpodivnéjSich experimentl provedli Joseph Hafele a Richard
Keating v roce 1971.

(07)- Their equipment was a series of accurate caesium clocks, and a set of jet plane
journeys that completely encircled the Earth. To begin the experiment, all the clocks were
placed in the same location and synchronised. Some of the clocks then headed off on a plane,
some heading to the East, and others to the West - some moving with the Earth’s rotation,
others against it. $7600 was spent on flights, with two seats on each plane going to “Mr
Clock.” And because they were flying, they were in a different gravitational field to the clocks
left behind on the ground. After the clocks had circled the world twice, they were all brought
together. If the universe was governed by Newton’s absolute time, they should all have
remained in sync. But if Einstein was correct, relative motions and spacetime curvature would
have desynced them. The experiment was run, and the clocks were reunited. They differed by
a few hundred nanoseconds. Einstein was declared the winner. But there is one more test of
relativity that has proven to be the most spectacular. In developing relativity, Einstein found
that stretchy spacetime can wobble and ring. Just as Maxwell found that electricity and
magnetism can ripple, so could gravity. But he could not decide if his mathematics were
correct or if he was fooling himself And struggled to conclude whether these gravitational
waves were part of reality. In 1974, Russell Hulse was a young astronomy student who made
a spectacular discovery. With his supervisor, Joseph Taylor, he was peering at the universe
with the 300m Arecibo Telescope, and he found a pulsar, a rapidly spinning dead heart of a
star that flashed radio waves. This pulsar, PSR B1913+16, was spinning 17 times a second -
and was not on its own, but orbited another dead star heart, a neutron star. And with the
regular beeps of the pulsar, they were able to accurately chart out the cosmic dance. What
they found, however, was quite unexpected. With Newtonian gravity, these dead stars would
orbit each other for eternity, But Taylor and Hulse found that the orbits were shrinking, And
the stars were slowly but steadily being drawn together. Somehow the energy of their orbits
was leaking out into the universe. Taylor and Hulse realised Einstein’s gravitational waves
were an ideal culprit. They delved into the mathematics of general relativity, And calculated
how the orbiting stars form ripples in spacetime - showing how they carry away precisely
enough energy to explain the orbital demise. In 1993, Taylor and Hulse received the Nobel
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prize for their discovery - and 24 years later, the prize was awarded for the direct detection of
gravitational waves. The experiment was the Laser Interferometer Gravitational Wave
Observatory, or simply LIGO for short, which with unimagined sensitivity, can feel the tiny
ripples of spacetime. LIGO has opened a new and exciting window on the universe They are
uncovering merging black holes and the collisions between neutron stars. And now
astronomers even plan to hunt for the oldest gravitational waves, formed in the birth of the
universe. And so, in this new world ushered in by Einstein, it is clear that the entire cosmos is
written in the language of gravity, of curved and warped space and time. But there was one
more secret to uncover hidden in the equations. First realised by Alexander Friedman in 1922
and later proved by Edwin Hubble, the expansion of the universe is the expansion of space -
expanding from an infinite point 13.8 billion years ago known today as the Big Bang. Put
simply: there was less space yesterday, and there will be more space tomorrow. Every galaxy
is moving further and further away from us, bar our local group, at an average rate of 70
km/s/Mpc - which actually means that at the moment, for every 3.26 million light-years
distance from us a galaxy is, it is moving away from us at an extra 70 km/s/mpc. So a galaxy
326 million light years from us is moving at 7000 km/s. And a galaxy 32.6 billion light years
away? It recedes from us faster than the speed of light. This may seem bizarre, after
everything we have learnt up until this point - but the universe’s speed limit only applies to
objects moving through space - and these galaxies do not move through space. Space simply
gets between them. This expanding universe makes curving and bending spacetime even more
complex to understand. As equations show that space is infinite, what is happening is that the
universe is actually becoming less dense. And clearly, this decrease in density is not
completely uniform across the universe. You, for example, are not slowly drifting apart.
Individual galaxies too hold themselves together due to their mutual gravity, But as this
gravity is a manifestation of the curvature of space,

(07)- Jejich vybavenim byla fada pfesnych cesiovych hodin a sada lett tryskovym letadlem,
které zcela obklopily Zemi. Pro zahdjeni experimentu byly vSechny hodiny umistény na stejné
misto a synchronizovany. Nékteré z hodin pak zamitily v letadle, nékteré na vychod a jiné na
z4pad — nekteré se pohybovaly s rotaci Zemé, jiné proti ni. Za lety bylo utraceno 7 600 dolart,
piicemz dv¢ sedadla v kazdém letadle $la na ,,Pan Clock®. A protoze Iétaly, byly v jiném
gravitatnim poli nez hodiny, které ztistaly na zemi. Poté, co hodiny dvakrat obletély svét,
byly vSechny shromazdény. Pokud byl vesmir fizen Newtonovym absolutnim ¢asem, mély by
vSechny ziistat synchronizované. Ale pokud by mél Einstein pravdu, relativni pohyby a
zaktiveni ¢asoprostoru by je desynchronizovaly. Tenot experiment neni v rozporu ani s STR,
kdy pfi ,,axialnim “ testovaného télesa S1 [dochazi k pootadeni| soustav ( soustavy
testovaného télesa - rakety a zakladniho pozorovatele S se zvolenou soustavou.). Ale i o
Ipootééeni soustav S; a Sz‘ V proménném gravita¢nim poli. — OTR.

A ted pfijde na fadu uvaha o ,,tempu plynuti ¢asu®. Tady na Zemi mame néjaké tempo, 0
kterém nevime vlastn¢ ,,jaké” je '1(?) Kdo ho stanovil ?, zvolil ? Co je ,,pfi¢inou‘ prave
takového tempa plynuti jaké tu na Zemi mame. Pro¢ je takové ? Uvazujte se mnou: Kdyz se
fekne ,,Newtonsky absolutni ¢as“,(viz tento ¢lanek), mysli se tim ,,jednotné* tempo plynuti,
stejnépro cely vesmir. O.K., ale i tak nevime, proc je toto tempo ,,pravé takové™ jaké tu je,
jaké po celém vesmiru je. Kdyz se fekne ,,Einsteinova relativita®, mysli se tim ,,zména tempa
plynuti“ ¢asu, dle ,,rozlozeni, distribuce hmotnosti v mistni lokalité®. (*) Téch




lokalit je ve vesmiru bambiliatrdy, ze. STR dilatuje cas (méni tempo plynuti) otd€enim-
pootacenim soustav ,,kdekoliv* ve vesmiru od nasi...a v podstaté i OTR take dilatuje tempo
plynuti, ale uz nikoliv ,,nase* konkrétni tempo, ale kdekoliv ve vesmiru a jakékoliv tempo.

U Newtonského absolutniho tempa se tempo plynuti ¢asu ,,na testovaném télese* se neméni,
(velitel rakety sdm na sob¢ nepozoruje dilataci, zménu tempa plynuti, ale my na Zemi ,,jeho
zménu tempa plynuti* pozorujeme ) = dostavame z rakety informace o pootaceni ,,jeho*
vlastni soustavy, a tedy zménu velikosti intervalu ¢asu ,,vi¢i* naSemu Newtonskému tempu
(celovesmirném). Ale pro pohled na tempo Casu prizmatem OTR se méni lokalni tempo
libovolné ,,zvolené* do nového tempa plynuti dle promény gravitace v lokalité, tj. promé&Sny
,rozlozeni hmotnosti“. To znamena, Ze je bez rizika fantazie mozné uvazovat o rizném tempu
plynuti casu ,,vytypovaného bodu, vytypovaného télesa, vytypované lokality* od zacatku, od
big-bangu. Tempo plynuti ¢asu se méni v historii kdykoliv, kdekoliv a jakkoliv. Kazda
lokalita (vybrana k pozorovani) ma svou genezi tempa plynuti ¢asu od BB..., a ve ,,stop-
stavu‘ je jeji tempo prave takové, o kterém si na Zemi spekulujeme proc je takové a nevime,
kdo ho stanovil a kde se vzalo.

Resumé: v kazdé galaxii plyne Cas jinak, jiné tempo této lokality, a kazda lokalita od BB
prodélala ve ,,svych historickych etapach® jina tempa plynuti casu. Experiment byl spustén a
hodiny byly znovu sjednoceny. Lisily se o nékolik set nanosekund. Einstein byl vyhlasen
vitézem. Ale je tu jesté jeden test relativity, ktery se ukazal jako nejizasnéjsi. Pfi vyvoji teorie
relativity Einstein zjistil, Ze natahujici se ¢asoprostor se mtize kyvat a krouzit. Kazda
lokalita ve vesmiru ,,plave* v onom ,,zakladnim* rastru, piedivu 3+3D ¢asoprostoru a piitom
se ten rastr , kiivi“, tedy v globalnim méritku (v maxi-skalach) se rozbaluje, a

v mini§kalach mikrosvéta se stale ,,sbaluje* ( v tomto véku jsou to pary ¢astic). Po BB to
byla rychla geneze vyroby ,,balicki* elementarnich Castic, po uplynuti 13 miliard let je
,,vyroba“ nové hmoty uz nepatrna, nepodstatna, pouze se elementy konglomeruji do
slozit&jsich forem. http://www.hypothesis-of-universe.com/docs/g/g_041.pdf ;
http://www.hypothesis-of-universe.com/docs/g/g_080.pdf Stejné jako Maxwell zjistil, ze
elektfina a magnetismus se mohou vlnit, mize to byt i gravitace. Nemohl se vSak rozhodnout,
zda je jeho matematika spravna, nebo zda klame sam sebe, a snazil se dospét k zavéru, zda
jsou tyto gravitaéni vlny soucasti reality. V roce 1974 byl Russell Hulse mladym studentem
astronomie, ktery ucinil velkolepy objev. Se svym nadtizenym Josephem Taylorem se dival
na vesmir 300m dalekohledem Arecibo a naSel pulsar, rychle se otacejici mrtvé srdce hvézdy,
které vyzatovalo radiové viny. Tento pulsar, PSR B1913+16, se otacel 17krat za sekundu — a
nebyl sdm o sobé, ale obihal kolem jiného srdce mrtvé hvézdy, neutronové hvézdy. A s
pravidelnym pipanim pulsaru byli schopni pfesn€é zmapovat vesmirny tanec. To, co nasli, v§ak
bylo zcela necekané. S newtonovskou gravitaci by tyto mrtvé hvézdy kolem sebe obihaly
vécnost, ale Taylor a Hulse zjistili, Ze obéZzné drahy se zmensuji a hvézdy se pomalu, ale
vytrvale pfitahuji k sobé. Energie jejich drah n¢jak unikala do vesmiru. Taylor a Hulse si
uvédomili, Ze Einsteinovy gravita¢ni viny byly idedlnim vinikem. Ponofili se do matematiky
obecné teorie relativity a vypocitali, jak obihajici hvézdy tvoti vinky v ¢asoprostoru — ukazuji,
jak presné odnaseji dostatek energie k vysvétleni zaniku obézné drahy. Pardda. V roce 1993
dostali Taylor a Hulse za sviij objev Nobelovu cenu — a o 24 let pozd¢ji byla cena udé€lena za
pfimou detekci gravitacnich vin. Experiment byl Laser Interferometer Gravitational Wave
Observatory, nebo jednoduse LIGO, ktery s neptedstavitelnou citlivosti dokaze citit drobné
vinky €asoprostoru. Takze se postupné dohledava a prokazuje, ze samotny ¢asoprostor se
kiivi na velkoSalach geneticky, rozpina se ,,podle paraboly®, ale Ze se umi 1 kiivit do lokalnich
stavll — poli, a teké se umi balickovat a pénit se ve viicim vakuu (1) a nyni tu mame i ,,vInéni
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casoprostoru®. Vzdy to bude souviset s ,,tvorbou hmoty“... protoze hmota je postavena

z dimenzi veli¢in ,,Délka“ a ,,Cas“. LIGO otevielo nové a vzrusujici okno do vesmiru.
Odhaluji splyvajici cerné diry a srazky mezi neutronovymi hvézdami. A nyni astronomové
dokonce planuji lovit nejstarsi gravitaéni viny, které vznikly pii zrodu vesmiru. A tak je v
tomto novém své&ts, ktery uvedl Einstein, jasné, Ze cely vesmir je jpsén jazykem gravitace,
zakiiveného a pokiiveného prostoru a casu. Cely vesmir je jpsan jazykem , kiiveni dimenzi‘
veli¢in Casoprostorovych, které se ,,nabidnou do stavii* jako je gravitace, tedy do 4 stavi poli,
a také se nabidnou do 25 kusit bali¢ki - elementarnich ¢astic hmoty. http://www.hypothesis-
of-universe.com/index.php?nav=ea ; http://www.hypothesis-of-
universe.com/index.php?nav=e

Ale v rovnicich bylo potieba odhalit jesté jedno tajemstvi. vesmiru, kterou poprvé
realizoval Alexander Friedman v roce 1922 a pozdé&ji dokazal Edwin Hubble, je expanze
vesmiru — rozpinani z nekone¢ného bodu pied 13,8 miliardami let, dnes znamého jako Velky
tiesk. A tady pfijde mtj pohled, moje odhaleni chyby moderni kosmologie, tedy Hubbetv
linearni zakon, rovnice v =Ho . d ... neodpovida realité. Tato chyba zavedla fyziky

k singularité, Kk jednomu ,,nekone¢nému bodu*. Chyba. Mij poznatek je, ze Velky tiesk je
»zmeénou stavu®, predbig-bangového plochého 3+3D casoprostoru, nekonecného, bez plynuti
Casu, bez hmoty a poli, na novy stav po-tieskovy a to neskute¢né extrémné kiivy 3+3D
Casoprostor, kde za¢ina jeho rozbalovani kiivych délkovych dimenzi, a kde je odstartovano
odvijeni (,,rozbalovani®) ¢asu, http://www.hypothesis-of-universe.com/docs/c/c_032.gif a
novy fenomén: stavba hmoty. Hmota je realizovana oproti rozpinani =
casoprostoru do velkosalovych rozmérd, do ,.klubicek* v fiSi mikrosvéta, tj.
Skaly minirozméra. V této chvili je nutné si uvédomit opomijeny fenomén, tj. to, ze ¢as (v
makrosvété) nebézi pro nas, nebézi pro nas, nebézi nad ndmi, kolem nas, ale naopak (!) :
béZime v Case, pohybujeme se v ¢asové dimenzi a tim krajime intervaly v jedné Casové
dimenzi (mozn4 ve druhé ¢asové dimenzi a treti dimenzi) a tedy ,,Cas bézi*. Pochopte, Ze v
Existenci ¢asoprostoru je "Cas" veli¢ina a "Délka" je také veli¢ina a maji 3+3 dimenze a
pfedméty se po téchto dimenzich pohybuji (i pole je objekt) a oznacuji intervaly na rozmeéry.
Jiny uhel pohledu na Byti, na ¢asoprostor, je ten, ze se rozviji, http://www.hypothesis-of-
universe.com/docs/c/c_032.qif , nerozpina se z né&jaké singularity. Z obradzku = animace by se
mohlo zdat, Ze vesmir se rozpina z jednoho bodu, ale ne, neni. http://www.hypothesis-of-
universe.com/docs/c/c_420.gif Téch bodi je vSude kolem nas témér nekonecno, kam se
podivate, tam ve vakuu jsou takové body ,,pseudo-singularity*, ze kterych se z “vakuoly”
vynofuje ¢asoprostor. Takze rozpinanim ¢asoprostoru vSude, tady na Zemi i v kazdé galaxii se
jednotkovy interval ,,natahuje* a my ho pak vnimame jako plynuti — plynuti ¢asu, jako tempo
plynuti ¢asu. A ta dilatace, to je efekt (prokdzany matematicky tou STR) pootaceni systému
,,pozorovaného objektu* vzhledem k ,,soustavé Pozorovatele®. A tady zase mate ,,jinou
rychlost plynuti ¢asu, ale to neni pravda, protoZe pravdou je, Ze systém testovaného objektu
se pootaci a dostavame dilatované intervaly v nasi pozorovatelné. Rozbalovani 3+3D od
formy plazmy (QM, linearni stavy poli) do makro stavl pole gravitacniho pro télesa a galaxie
a kupy galaxii Klastry galaxii. To jsme séle v nelinearnim makrovesmiru, v gravitaénim
systému. Mikrosvét je jiny, je to chaos dimenzi, je to péna dimenzi, je to viici vakuum a to je
stav linearni. Tady ¢as ,,skokové® plyne doleva a honem-honem doprava..., nahoru i dolu (do
minulosti a honem do budoucnosti). Prosté ¢as nebézi jednim smérem. Navic je podstatné i to,
ze ,,yozbalovani ¢asoprostoru z vakua®, viz ,,gif* se déje vsude, kolem nas i v galaxii a tedy
né&jaka singularita nepfipada v tivahu, zadny ,,big-bang* neexistuje. A co tedy existuje? Rekl
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jsem na zacatku: ,,Zména stavu, skokova zména stavu‘ kiivosti dimenzi. Dnes ve vakuu
kolem nas se rodi pary ¢astic*, http://www.hypothesis-of-universe.com/docs/c/c_428.jpg
kdysi v onom pseudo big-bangu se nerodily jen pary, ale pravé ,,fadné balicky* jako
elementarni ¢astice v rozmanitosti uzitych dimenzi, piikladné http://www.hypothesis-of-
universe.com/docs/ea/ea_013.pdf a v pestré krase kreaci ,,Pana* http://www.hypothesis-of-
universe.com/index.php?nav=ea ; http://www.hypothesis-of-universe.com/index.php?nav=e
Jednoduse feceno: véera bylo méné mista a zitra bude vice mista. Kazd4 galaxie se od nas
vzdaluje dal a dal, kromé& nasi mistni skupiny, primérnou rychlosti 70 km/s/Mpc — coz ve
skuteénosti znamena, ze v tuto chvili na kaZzdou vzdalenost 3,26 miliont svételnych let od nés
pfipada galaxie, vzdaluje se od nds rychlosti navic 70 km/s/mpc. Takze galaxie 326 miliond
svételnych let od nas se pohybuje rychlosti 7000 km/s. A galaxie vzdalena 32,6 miliardy
svételnych let? Vzdaluje se od nés rychleji nez rychlost svétla. To se miize zdat bizarni, po
tom vSem, co jsme se az do této chvile naucili - ale rychlostni limit vesmiru plati pouze pro
objekty pohybujici se vesmirem - a tyto galaxie se prostorem nepohybuji. Prostor se mezi
nimi prosté dostane. Tento rozpinajici se vesmir déla zak¥iveni a ohybani ¢asoprostoru jesté
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prednasim uz 22 let na internetu http://www.hypothesis-of-universe.com/docs/g/g_041.pdf a
nikdo to necte, nikdo kdo to ¢te, nereaguje. Jak rovnice ukazuji, Ze prostor je nekonec¢ny,
dochézi k tomu, Ze vesmir se ve skutecnosti stdva méné hustym. A je ziejmé, Ze tento pokles
hustoty neni v celém vesmiru zcela rovnomérny. Hustota je zde v podstaté ,,pestré promichani
lokalit s riznymi kfivostmi® dimenzi. http://www.hypothesis-of-
universe.com/docs/c/c_483.jpg ; http://www.hypothesis-of-universe.com/docs/c/c_240.jpg
Vy se naptiklad pomalu nevzdalujete. Jednotlivé galaxie také drzi pohromadé diky své
vzajemné gravitaci, ale protoze tato gravitace je projevem zakiiveni vesmiru,

(08)- What happens at the boundary between expanding and non-expanding space? And that
is not the only headache - as expanding space makes the form of yesterday’s spacetime
different to tomorrow’s spacetime - thus breaking what was thought to be one of the key
properties of the universe - conservation of energy. The importance of symmetry in physics
was laid out in detail by mathematician Emmy Noether - in this case a symmetry meaning that
when you change your situation, the physics remains the same. Changing location doesn’t
change physics, meaning momentum is conserved. And the fact that physics is the same today
and tomorrow gives energy conservation. But in an expanding universe, where spacetime is
changing, this symmetry is shattered. As space grows it doesn’t stretch - it doesn’t dilute.
There is just more of it. But as they travel across an expanding universe, photons are
stretched, and they lose energy - and galaxies are robbed of their speed as their motion grinds
to a halt. Energy is simply not conserved as the cosmos grows, and this is a conundrum that
causes problems for physicists to this day. And so, it may now seem that space has finally
become physical, real - it can bend, expand, curve and ripple. But there is a final twist, one
final rug to be pulled out from beneath us. It can be summed up in the words of the Nobel
prize winner Steven Weinberg.. To the novice, this statement must seem almost bizarre. How
can a leading scientist make such a claim? Well, because he is absolutely correct — in
Einstein’s relativity, spacetime is truly nothing. The mathematics look like bending and
curving. But in reality, relativity tells us space is nothing and has no properties. But what of
time in this new picture? How were seconds, hours and minutes affected by the dawn of
relativity? New Time To the future civilization, time meant many things. They knew that their
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time was unique, unshared by any others. They understood that clocks ticked differently,
Dependent on where you are and what you are doing. Their engineers had used this malleable
nature of spacetime in shaping their civilization. Great portals of distorted time and space
allowed travel across the empire. Whilst the slow ticks near the gravitational pull of a black
hole had been used to slow time and allow them to watch the end of everything. "People like
us who believe in physics know that the distinction between past, present, and future is only a
stubbornly persistent illusion." WIith the coming of Einstein’s general relativity, physicists
were presented with a new headache. They knew that every particle in the universe had a past,
present and future. And like a line drawn on a map, they could chart the journey of a particle
through the four dimensions of space and time, tracing out its worldline from the past to the
future through a series of nows. Each particle in your body, each electron and quark, journeys
on its own worldline. Before you were conceived, the worldlines were dispersed. But as you
grew, many wordlines condensed into a bundle which is you. And when you are gone, these
worldlines will again scatter. For a fleeting moment in the life of the universe, You exist as
little more than a collection of wordlines, a brief knot in the fabric of eternity. Whilst
unsettling, this appears to make sense, so where is the headache? Firstly, we have to
remember what the relativity of time really means. With no absolute time, there is no uniform
cosmic clock, And this means that there is no such thing as a unique present, a true instant of
now. Without an absolute definition of a cosmic now, how do we define a unique notion of
the past? Without a now, just where does the future begin? Headache. Within the equations of
relativity, all pasts, presents, and futures are already written. The entire history of all things is
already out there - somewhere. This notion, known as the ‘block universe’, has bothered many
physicists and philosophers, as without a now, the cosmos cannot simply unfold from moment
to moment. All we can do as we trace out our worldline is follow our predefined path. And
concepts dear to us, such as free will, are lost. But this cannot be correct. We clearly
remember the past, and the future is a mysterious door that has yet to be opened. They are
clearly different. Or are they? Consider two electrons hurtling towards each other. Both carry
an identical negative charge, and, through electromagnetism, they repel. As they get closer,
the repulsion grows and their motion gradually slows, stops, and reverses. Eventually, the
electrons hurtle away from each other, back the way they came. There seems nothing strange
about this. But imagine we filmed the interaction between the two electrons. And then showed
the film to an audience of physicists - playing a mirrored version, the left switched to right
and vice versa.

(08)- Co se dgje na hranici mezi expandujicim a neexpandujicim prostorem? A to neni jedina
bolest — protoze rozpinani prostoru déla formu vcerejsiho ¢asoprostoru odlisnou od zittejsiho
¢asoprostoru — a tim narusuje to, co bylo povazovano za jednu z kli¢ovych vlastnosti vesmiru
— zachovani energie. Dulezitost symetrie ve fyzice podrobné popsala matematicka Emmy
Noetherova — v tomto pfipad¢€ symetrie znamena, ze kdyz zménite svou situaci, fyzika zistane
stejnd. Zména umisténi neméni fyziku, coz znamena, ze hybnost je zachovéana. A skute¢nost,
ze fyzika je dnes a zitra stejna, dava tsporu energie. Ale v rozpinajicim se vesmiru, kde se



casoprostor meni, je tato symetrie naruSena.
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Jak se prostor zvétSuje, nenatahuje se - nefedi se. Z vakua planckovskych skal se vynofuje
,noveé vakuum®... Je toho prosté vic. Ale jak cestuji rozpinajicim se vesmirem, fotony se
natahuji ? http://www.hypothesis-of-universe.com/docs/c/c_243.jpg ... chce autor fici, Ze
fotony se ,,natahuji* stejné jako se natahuje Casoprostor ? a ztraceji energii — a galaxie jsou
obirany o svou rychlost, protoze se jejich pohyb zastavuje. A kdo-co zastavuje galaxie?
Rozpina-li se ¢asoprostor, ke kterému jsou galaxie ,,pfipichnuty*, pak tu neni davod k
»zastavovani® galaxii (?) Energie se s rtistem kosmu prosté nesetfi, a to je hlavolam, ktery
déla fyzikum problémy dodnes. Chybny vyklad, chybné pochopeni reality... A tak se nyni
muze , Ze 5€ prostor kone¢né fyzickym, skute¢nym — muize se ohybat, roztahovat,
zakiivovat a vlnit. Ano, muze se kiivit, ale pro¢ fikate, ze se mtize kfitit prave ,,ode dneska*?,
konec¢né ze se muze kiivit, fikate. Ale je tu posledni zvrat, jeden posledni koberec, ktery
musime vytahnout zpod nas. Dalo by se to shrnout slovy nositele Nobelovy ceny Stevena
Weinberga. Novackovi musi toto tvrzeni pfipadat téméf bizarni. Jak miZe predni védec tvrdit
takové tvrzeni? ProtoZe ma naprostou pravdu — v Einsteinové relativité neni ¢asoprostor
skutecné ni¢im. ?? cituji z http://www.hypothesis-of-universe.com/docs/b/b_037.pdf
Gravitacni pole je podle OTR projevem kiivosti
prazdného prostoro¢asu - mame tedy jakousi "gravitaci bez gravitace".
Jak bylo ukazano v §2.5, Einsteinovy rovnice gravitaéniho pole Rik - 1/2 gikR= 8= Tik maji tu
dilezitou vlastnost, Ze popisuji chovani nejen gravitacniho pole, ale neptimo (ptes zékony
zachovani energie a hybnosti Tik;k = 0) i jeho zdroji. Vezmeme-li tedy elektromagnetické
pole ve vakuu, pak z Einsteinovych rovnic jim buzeného gravita¢niho pole
Rik — 1/2 gik R = 2 Fil FIk — 1/2 gik FIm F
Matematika vypada jako ohybani a zakiiveni. Ale ve skute¢nosti nam relativita fika, ze
prostor neni nic a nema zadné vlastnosti. ?? = http://www.hypothesis-of-
universe.com/docs/c/c_370.jpg Ale co ¢as na tomto novém obrazku? Jak byly sekundy,
hodiny a minuty ovlivnény tsvitem relativity? Novy ¢as. Cas znamenal pro budouci civilizaci
mnoho véci. VEdéEli, Ze jejich cas je jedinecny, nesdileny nikym jinym. Pochopili, Ze hodiny
tikaji jinak, v zavislosti na tom, kde jste a co délate. Jejich inzenyti pouzili tuto tvarnou
povahu ¢asoprostoru pii formovani sveé civilizace. Velké portaly pokiiveného ¢asu a prostoru
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byly pouzity ke zpomaleni ¢asu a umoznily jim sledovat konec v§eho. "Lidé jako my, ktefi
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veti ve fyziku, védi, Ze rozdil mezi minulosti, pfitomnosti a budoucnosti je jen tvrdosijné
pretrvavajici iluze." S ptichodem Einsteinovy obecné teorie relativity http://www.hypothesis-
of-universe.com/docs/c/c_370.jpq ; http://www.hypothesis-of-universe.com/docs/c/c 354.jpg
; http://www.hypothesis-of-universe.com/docs/c/c_350.jpg se fyzikim objevila nova bolest
hlavy. Védéli, ze kazda Castice ve vesmiru ma minulost, pfitomnost a budoucnost. A jako ¢ara
nakreslena na map€ mohli zmapovat cestu ¢astice ¢tyfmi dimenzemi prostoru a ¢asu,
vysledovat jeji svéto¢aru z minulosti do budoucnosti prostiednictvim fady nyni. Kazda c¢astice
ve vasem téle, kazdy elektron a kvark, cestuje po své vlastni svétocare. Nez jsi byl pocat,
svétské linie byly rozptyleny. Ale jak jsi rostl, mnoho slovnich fadku se srazilo do svazku,
kterym jsi ty. A kdyZ odejdete, tyto svétocary se znovu rozptyli. Na prchavy okamzik v Zivoté
vesmiru existujes jen o malo vic nez sbirka slovnich fadka, kratky uzel v latce vécnosti. I
kdyz je to znepokojujici, zda se, Ze to dava smysl, takze kde je ta bolest hlavy? Nejprve si
musime pfipomenout, co vlastné znamena relativita casu. Bez absolutniho ¢asu neexistuji
jednotné kosmicke hodiny, Vy tim ,,absolutnim ¢asem‘ mate na mysli ,,jisté tempo plynuti
Casu®, které panuje zde na Zemi a domnivate se, ze panuje totéz (tempo) v celém vesmiru. Vy
témi ,,jednotnymi kosmickymi hodinami* myslite stejné tempo plynuti ¢asu pro cely vesmir a
to znamenad, Ze neexistuje nic takového jako jedinecnd pfitomnost, skute¢ny okamzik
ptitomného okamziku. ? ? Bez absolutni definice kosmu nyni, jak definujeme jedine¢ny
pojem minulosti? Bez ted’, kde jen zacind budoucnost? Bolest hlavy. V rdmci rovnic relativity
jsou vSechny minulosti, pfitomnosti a budoucnosti jiz zapsany. ? ? Rovnice OTR mohou
,popsat realitu, ale nikdy ji nemohou ,,v realité zapsat®. Celd historie vSech véci je uz nékde
venku. Tato pfedstava, znamad jako ,blokovy vesmir‘, znepokojovala mnoho fyziki a filozofi,
protoZe bez pritomnosti se vesmir nemuize jednoduse rozvinout z okamziku na okamzik. ? ?
Jediné, co mizeme udé¢lat, kdyz vystopujeme nasi svétovou linii, je nasledovat nasi pfedem
definovanou cestu. A pojmy nadm drahé, jako je svobodna vile, jsou ztraceny. Ale to nemtze
byt spravné. Jasné si pamatujeme minulost a budoucnost je tajemna brana, ktera se teprve
musi otevfit. Jednoznacné se li§i. Nebo jsou? Piedstavte si dva elektrony fitici se k sobé. Oba
nesou identicky zdporny néboj a diky elektromagnetismu se odpuzuji. Jak se ptiblizuji, odpor
roste a jejich pohyb se postupné zpomaluje, zastavuje a obraci. Nakonec se elektrony od sebe
odhodi a vrati se tak, jak ptiSly. Zda se, Ze na tom neni nic divného. Ale predstavte si, Ze jsme
natocili interakci mezi dvéma elektrony. A pak film ukazal publiku fyzikt — hral zrcadlenou
verzi, leva se piepnula na pravou a naopak.

(09)- Your audience of physicists would still notice nothing amiss with the movie on the
screen. Switching left and right does not alter the physics. On the screen, the electrons
approach and repel - all appearing to be completely normal. But what if you went one step
further - what if you were very clumsy and instead of switching left and right you switched
past and future? The film now runs backwards. Time has been reversed. Your audience stares
at the screen. What do they see? In this time-reversed movie, two electrons hurtle towards
each other. They get closer and closer, with their repulsion growing. Eventually, they halt in
their motion and start to move away again. With nothing out of the ordinary, the audience
nods in approval at this simple display of physics. But how is this possible? If you had run the
slapstick of Laurel and Hardy backwards, the viewers would have noticed - and would
immediately know that something was wrong with the arrow of time. And herein lies the
question: why is the electromagnetic interaction between electrons insensitive to the direction
of time? And not just electromagnetism, but gravity and the strong nuclear force are also
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unaffected. The weak nuclear force does misbehave slightly - but it is a very tiny effect. It
seems that at their core, the universe’s microscopic fundamental interactions do not possess
an arrow of time. Time could flow one way or the other, and they simply would not care. But
this leaves us with a disconnect. The macroscopic, large scale world we inhabit certainly does
know about time. Cooling coffee, burning wood, exploding supernovae - these are not
processes that simply can be run backwards. You cannot unscramble an egg. With a little
thought, this seems a little bit strange. Our large scale world is nothing more than the
collective properties of an uncountable number of atoms. And these atoms are interacting
through a fundamental force, electromagnetism, each of the myriad of electromagnetic
interactions unaffected by the direction of time. How can such an arrow emerge from the
multitude of time ignorant interactions that take place every second? How does time emerge?
Some have claimed there is a definitive arrow, an imprint of a cosmological arrow of time. In
the simple view of the block universe it stretches infinitely far into the past, and into the
future. But this block universe clearly doesn’t appear to resemble our own. For we know that
our universe didn’t stretch infinitely into the past — it had a beginning. From observations, we
know that the universe was born almost fourteen billion years ago. We don’t know the
process that brought it into being, but it was born with both space and time. Just where and
how space and time came to be in the universe remains a mystery. But they have remained an
integral part of the cosmos over all of its history. But there are other mysteries about the birth
of the universe that we don’t understand. And in particular, it appeared to be extremely
special, being both hot and dense, and strangely smooth. And this smoothness meant that the
newborn universe had a very peculiar property. The universe was born with very low entropy.
It might seem strange that smoothness implies low entropy. As a gas spread throughout a
room has higher entropy than gas all squeezed in one corner. But for matter in the universe,
this smoothness meant gravity could do its work, and fall together and eventually clump into
stars and galaxies. And so as the universe expands, its entropy increases as the matter evolves.
Gravitational potential energy is steadily converted into stars, planets, and people. Eventually,
this energy is processed into waste heat that spreads throughout the universe. And it is this
change from low to higher entropy that imprints onto the cosmos its arrow of time. Recent
Nobel Prize winner, Sir Roger Penrose, has thought hard about our universe’s initial entropy.
He concluded that the probability of this occurring by chance is one part in 10 to the 10 to the
123. Clearly, there must have been something special about our universe’s birth. But what this
was, we still don’t know. And so would this mean that the block universe has no innate arrow
of time? Without the big bang would it be impossible to distinguish the past from the future?
Imagining how we would experience such a universe is very difficult to do. But indeed,
maybe our ability to imagine anything at all is ultimately because of the special birth of the
universe. On the tenth of June 1944, a British Halifax bomber was flying over France. With
four hundred other bombers, it was supporting the D-Day landings in Normandy. But near the
city of Laval, the aircraft was struck by German flak. And crashed in flames into the French
countryside. The entire crew perished in the crash. Seven lives were lost, seven lives in a war
that eventually claimed millions.

(09)- Vase publikum fyzikt by si ve filmu na platné stale nevSimlo ni¢eho Spatného.
Ptepinani doleva a doprava neméni fyziku. Na obrazovce se elektrony piiblizuji a odpuzuji -
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nemotorni a misto piepindni doleva a doprava prepinali minulost a budoucnost? Film nyni



béZi pozpatku. Cas se obratil. Vase publikum zira na obrazovku. \V makrovesmiru plati realita,
Ze Cas ,,te¢e” jednim smérem, tj. asoprostor se rozbaluje, nikoliv sbaluje. V makrométitku
globalniho vesmiru se nestfida ,,rozbalovani se sbalovanim®. V mikroméftitku ano.

V mikroméfitku planckovskych skal plati ,,chaos promén kiivosti®, tedy velmi-velmi rychlé
stiidani ,,rozbalovavani a sbalovavani* dimenzi ( dimenzi i délkovych i ¢asovych ). Proto je
makrovesmir nelinearni — OTR, a mikrovesmir linearni — QM co vidi? V tomto ¢asové
prevraceném filmu se dva elektrony fiti proti sob&. Dostavaji se bliz a bliz, pti¢emz jejich
odpor roste. Nakonec se zastavi v pohybu a za¢nou se zase vzdalovat. Publikum pfi této
jednoduché ukézce fyziky souhlasné prikyvuje, nic neobvyklého. Ale jak je to mozné?
Kdybyste piejeli groteskou Laurela a Hardyho pozpatku, divaci by si toho v§imli — a hned by
védeli, ze se Sipem Casu neni néco v poradku. A zde lezi otazka: pro€ je elektromagneticka
interakce mezi elektrony necitlivd na smér ¢asu? Interak¢ni rovnice z mikrosvéta jsou
symetrické i co se tyce ,,Sipky ¢asu®, piesnéji (!) ,,v8ech Sipek Casu, které se v interakci, dane,
objevi®. http://www.hypothesis-of-universe.com/docs/c/c_269.jpg A nejen
elektromagnetismus, ale také gravitace a silna jaderna sila nejsou ovlivnény. Slaba jaderna
sila se trochu chova $patné - ale je to velmi maly efekt. [Zda se, Ze ve svém jadry
\mikroskopické zakladni interakce vesmiru nemaji Sipku éasul. O.K. Ztejmé jsou interakce
postaveny z dimenzi ¢asovych a dimenzi délkovych tak, ze ,,soucet™ Sipek ¢asu je nulovy,
tedy soucet intervalt s Sipkou ,,doprava a doleva“ je nulovy. Interakce jsou postaveny

z dimenzi, tak by to nemé¢l byt problém, aby ta interakce byla symetricka a ,,plavala*

v nesymetrické polivce chaosu 3+3D ¢asoprostoru. Pro¢ ne ! V makrovesmiru nebude tempo
plynuti ¢asu jednotné pro cely vesmir http://www.hypothesis-of-
universe.com/docs/c/c_222.jpg v makrovesmiru budou lokality ( kupy galaxii a mezery mezi
nimi ) s jinym tempem plynuti ¢asu, tedy s jinak velkou Sipkou ¢asu, jednosmérou, protoze se
jedna o celovesmirné ROZBALOV AN I dimenzi.

Bohuzel moje tivahy nikdo necte, a pokud né&jaka vyjimka ¢te, tak nereaguje, dialog nezahaji,
spi§ naopak si klepe rukou na hlavu, Ze jsem ,,na palici. Cas mohl plynout tak & onak a jim
by to bylo jedno. Ale to nas nechava odpojit. Makroskopicky svét velkého méfitka, ktery
obyvame, jisté vi o ¢ase. Chlazeni kavy, paleni dieva, explodujici supernovy — to nejsou
procesy, které I1ze jednoduse spustit pozpatku. Vejce nelze rozmichat. S trochou premysleni to
vypada trochu divné. Nas rozsahly svét neni nic jiného nez spole¢né vlastnosti nes¢islného
poctu atomu. A tyto atomy interaguji prostiednictvim zakladni sily, elektromagnetismu,
pticemz kazda z nesetnych elektromagnetickych interakci neni ovlivnéna smérem Sipkou
Casu. Jak se muize takovy $ip vynofit z mnozstvi ¢asovych nevédomych interakei, které se
odehravaji kazdou sekundu? Jak vznika €as? Naktefi tvrdili, Ze existuje definitivni Sipka, otisk
kosmologické Sipky ¢asu. V jednoduchém pohledu na blokovy vesmir se tdhne nekonecné
daleko do minulosti a do budoucnosti. Ale tento blokovy vesmir se zjevné nezda byt podobny
nasemu vlastnimu.

[ pferuSeno |

I Jsem unaveny, vy€erpany, + mam velmi malo ¢asu na svou tvrbu nazora. Divody
zatim neuvedu, ale jsou. Proto ,,da¥i se“ komentovat tento text, toto Youtubko cca jeden
list za dva dny, a to je hodné pomalu. TakZe sem uvazil uz tady na str 25 z 34ti pierusit
komentare a vydat ,,dilo na internet nedokoncéené. Postupné budu text dal§im
komentafFem na netu pridavat.

Dékuji za pochopeni. 12.06.2023 Stejné to nikdo &ist nebude |
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Vime totiZ, Ze na§ vesmir se netahl do nekone¢na do minulosti — mél pocatek. Z pozorovani
vime, Ze vesmir se zrodil téméf pied Ctrnacti miliardami let. Nezndme proces, ktery jej piived]
ke vzniku, ale zrodil se s prostorem i ¢asem. Jen kde a jak vznikl prostor a ¢as ve vesmiru,
zustava zéhadou. Ale zistali nedilnou soucasti vesmiru po celou jeho historii. Ale existuji
dalsi zahady o zrozeni vesmiru, kterym nerozumime. A zejména se zdalo byt extrémné
zvlastni, bylo horké i husté a podivné hladké. A tato hladkost znamenala, Ze novorozeny
vesmir mél velmi zvlastni vlastnost. Vesmir se zrodil s velmi nizkou entropii. Mohlo by se
zdat zvlastni, ze hladkost implikuje nizkou entropii. Protoze plyn, ktery se §ifi po mistnosti,
ma vyssi entropii nez plyn stlaceny v jednom rohu. Ale pro hmotu ve vesmiru tato hladkost
znamenala, Ze gravitace mohla ud¢€lat svou praci a spadnout dohromady a nakonec se
shlukovat do hvézd a galaxii. A tak jak se vesmir rozpina, jeho entropie roste s tim, jak se
hmota vyviji. Gravitacni potencidlni energie se neustale pfeménuje na hvézdy, planety a lidi.
Nakonec se tato energie zpracuje na odpadni teplo, které se Siii celym vesmirem. A prave tato
zmeéna z nizké na vyssi entropii vtiskuje kosmu jeho Sip ¢asu. Nedavny nositel Nobelovy
ceny, Sir Roger Penrose, usilovné pfemyslel o po€atecni entropii naSeho vesmiru. DoSel k
zavéru, ze pravdépodobnost, Ze k tomu dojde ndhodou, je jedna ¢ast ku 10 az 10 az 123. Je
ziejmé, Ze na zrozeni naSeho vesmiru muselo byt néco zvlastniho. Ale co to bylo, stale
nevime. A znamenalo by to tedy, ze blokovy vesmir nemd Zadnou vrozenou Sipku Casu? Bez
velkého tfesku by nebylo mozné rozliSit minulost od budoucnosti? Predstavit si, jak bychom
prozivali takovy vesmir, je velmi obtizné. Ale skutecné, mozné nase schopnost viibec si néco
ptredstavit je nakonec zplisobena zvlastnim zrozenim vesmiru. Desatého cervna 1944 letél nad
Francii britsky bombardér Halifax. Se ¢tyfmi stovkami dalSich bombardérti podporovala
vylodéni v den D v Normandii. Ale pobliZ mésta Laval bylo letadlo zasazeno némeckym
flakem. A v plamenech se zfitil na francouzsky venkov. Pii havarii zahynula celd posadka.
Sedm zivotl bylo ztraceno, sedm zivotl ve valce, ktera si nakonec vyzadala miliony.

(10)- The pilot was a thirty-three-year-old Dutch volunteer, Willem Jacob van Stockum. And
whilst his name is not familiar today, van Stockum was the man who discovered time travel.
Of course, by the 1940s, time travel was a staple of science fiction. The Time Machine by H.
G. Wells had been published half a century earlier. But this was all fantasy and whimsy - and
a firm impossibility in Newtonian space and time. Yet within the new world of relativity - van
Stockum had discovered a scientific basis. Mathematically, relativity is notoriously
challenging. Einstein himself had wondered if his field equations would yield any analytic
solutions. But merely a year after presenting them to the world, the first such solution was
found, as Schwarzhild derived his black holes. And so by the 1920s, the hunt was on for the
mathematical form of the entire universe. Along with the giants of relativity - Einstein,
Friedmann, de Sitter and others - laying down rules, finding expanding space which itself
could be curved and even space where parallel lines could converge and diverge - some
scientists explored the mathematics of hypothetical universes. And Hungarian mathematician
Cornelius Lanczos had found a rather peculiar solution. His equations described a universe of
dust that was rigidly rotating. And whilst it didn’t appear to describe our actual universe, it
was an intriguing result. van Stockum began to wonder about the journey of particles through
such a rotating universe. As particles traveled from the past to the future, worldlines stretched
around the universe. But as the universe rotated, time and space were stretched and distorted.
And the nature of time itself became indistinct. Some worldlines stretched right around the
universe and met themselves, forming closed loops. Along these, the future trod over the path



of the past, over and over again. Physicists call these closed-loop worldlines time-like paths.
But in everyday language, it was nothing less than time travel. That space and time can be so
warped as to allow time travel was shocking. And whilst the rotating universe might not be
physically realistic, it opened up the question of whether there were other routes to the past Or
shortcuts to the future. van Stockum’s goal was to head to Princeton to work directly with
Einstein. But as the clouds of war were gathering, he looked back to Europe. Once his
homeland was occupied, his desire was to get into the fight. And van Stockum’s own
worldline ended in a French field on a dark night in 1944. Whilst van Stockum’s name is now
lost to history, time travel and rotating universes are not - as they were rediscovered by the
eccentric mathematician Kurt Godel, in 1949. Godel is remembered today as one of the
greatest logicians of all time, and his famous incompleteness theorem still baffles today. But
his contribution to physics was equally shocking. Escaping the turmoil in Europe as the storm
cloud of the second world war gathered, unlike van Stockum Godel did reach Princeton
University. There he and Einstein became firm friends, with Einstein supporting his
application for American citizenship, specifically by distracting him from pointing out flaws
in the United States constitution to the judge seeing his case. It was at Princeton that Godel
turned his remarkable mathematical mind to relativity, and the nature of spacetime - and in
1949, Godel’s 70th birthday present to Einstein was a solution to the field equations of
relativity. Like Van Stocken, he had found the mathematics of a rotating universe - and closed
time-like curves that looped around his cosmos! On receiving his present, Einstein was, in his
own words, “disturbed” by the possibility. Godel’s wife had apparently knitted him a sweater
too, but it was not part of the final gift. History does not recall why. Einstein died soon after,
in 1955 and Godel followed him in 1978. As an old man, Godel asked astronomers if they had
found if the universe was truly rotating. The answer was always “no it isn’t” - and that
Godel’s universe is not our own. But the possibility that Einstein’s relativity potentially
allowed time-travel sent researchers back to their equations. Could time and space really be
bent back on themselves so far to allow temporal exploration? Physicists have continued to
find mathematical shortcuts through space and time, and there are now many solutions to
Einstein’s equations in which space and time are extremely warped. It would seem that in
Einstein's relativity, time travel remains a stubborn theoretical possibility. As an example, if
you add spin to a black hole, space and time twirl also. And if you dive right through the
centre, you might emerge somewhere and somewhen else. Another relativistic structure, a
wormhole, builds a spacetime bridge between two locations, And potentially between two
different times - but not necessarily a shortcut. So time travel appears

(10)- Pilotem byl triatficetilety holandsky dobrovolnik Willem Jacob van Stockum. A i kdyz
jeho jméno dnes neni zndmé, van Stockum byl muz, ktery objevil cestovani casem.
Samoziejme, ze ve Ctyficatych letech bylo cestovani v ¢ase zkladem sci-fi. Stroj ¢asu od H.
G. Wellse vysel o pill stoleti diive. Ale to v§echno byla fantazie a rozmar - a pevna nemoZznost
v newtonovském prostoru a ¢ase. Pfesto v novém svéte relativity - van Stockum objevil
védecky zaklad. Matematicky je relativita notoricky naro¢na. Sdm Einstein uvazoval, zda jeho
rovnice pole pfinesou néjaka analytickd feSeni. Ale pouhy rok poté, co je predstavili svétu,
bylo nalezeno prvni takové feSeni, protoZze Schwarzhild odvodil své ¢erné diry. A tak se ve
dvacatych letech minulého stoleti za¢al hon na matematickou formu celého vesmiru. Spolu s
obry relativity — Einsteinem, Friedmannem, de Sitterem a dalSimi — ktefi stanovovali pravidla,
nachazeli rozpinajici se prostor, ktery by sam mohl byt zakfiveny a dokonce prostor, kde by



se paralelni linie mohly sbihat a rozchazet — né¢ktefi védci zkoumali matematiku
hypotetickych vesmirt. A mad’arsky matematik Cornelius Lanczos nasel ponékud zvlastni
feseni. Jeho rovnice popisovaly vesmir prachu, ktery se strnule tocil. A i kdyz to nevypadalo,
ze by popisovalo nas skute¢ny vesmir, byl to zajimavy vysledek. van Stockum zacal
pfemyslet o cesté ¢astic takovym rotujicim vesmirem. Jak ¢astice putovaly z minulosti do
budoucnosti, svétocary se tahly kolem vesmiru. Ale jak se vesmir tocil, cas a prostor se
natahovaly a deformovaly. A samotnd povaha Casu se stala nezietelnou. N&které svétocary se
tahly ptfimo kolem vesmiru a setkaly se samy se sebou a vytvofily uzaviené smycky.
Budoucnost po nich znovu a znovu pro§lapavala cestu minulosti. Fyzici nazyvaji tyto
svétocary s uzavienou smyckou jako casové cesty. Ale v bézné feci to nebylo nic mensiho nez
cestovani ¢asem. To, Ze prostor a ¢as mohou byt tak pokfivené, ze umoziuji cestovani ¢asem,
bylo Sokujici. A i1 kdyz rotujici vesmir nemusi byt fyzicky realisticky, otevielo to otazku, zda
existuji jiné cesty do minulosti nebo zkratky do budoucnosti. Cilem van Stockuma bylo
zamifit do Princetonu pracovat ptimo s Einsteinem. Ale kdyZ se valecnd mrac¢na stahovala,
ohlédl se zpét do Evropy. Jakmile byla jeho vlast okupovéna, jeho pfanim bylo dostat se do
boje. A van Stockumova vlastni svétova linie skonc¢ila na francouzském poli za temné noci v
roce 1944. Zatimco van Stockumovo jméno je nyni ztraceno v historii, cestovani v ase a
rotujici vesmiry nikoli — jak je znovuobjevil excentricky matematik Kurt Godel v roce 1949.
Godel je dnes pfipominan jako jeden z nejvétSich logiki vSech dob a jeho slavna teoréma o
netplnosti dodnes klame. Ale jeho pfispévek k fyzice byl stejné Sokujici. Uték pied zmatky v
Evropé, kdyZ se shromazdil bourkovy mrak druhé svétové valky, na rozdil od van Stockuma
Godela dosahl Princetonské univerzity. Tam se s Einsteinem stali pevnymi ptateli, pfiCemZz
Einstein podpofil jeho Zadost o americké obcanstvi, konkrétné tim, ze ho odvedl od
upozornovani na nedostatky v tstavé Spojenych stati soudci, ktery jeho ptipad vidél. Bylo to
v Princetonu, kde Godel obratil svou pozoruhodnou matematickou mysl k relativité a povaze
Casoprostoru — a v roce 1949 byl Godelav darek k 70. narozeninam Einsteinovi feSenim
rovnic pole relativity. Stejné jako Van Stocken nasel matematiku rotujiciho vesmiru - a
uzaviené kiivky podobné Casu, které se tocily kolem jeho vesmiru! Kdyz Einstein obdrzel
svij darek, podle svych vlastnich slov byl touto moznosti ,,rozrusen. Godlova zena mu
ziejme také upletla svetr, ale nebyl souc¢ésti finalniho darku. Historie si nepamatuje proc.
Einstein zemfel brzy poté, v roce 1955 a Godel ho nasledoval v roce 1978. Jako stary muz se
Godel zeptal astronomd, zda zjistili, zda se vesmir skute¢né€ otaci. Odpovéd’ byla vzdy ,,ne,
neni — a ze Godeliv vesmir neni nas vlastni. Ale moznost, ze Einsteinova teorie relativity
potencialné umoziovala cestovani Casem, poslala vyzkumniky zpét k jejich rovnicim. Mohly
by se Cas a prostor skute¢n¢ ohybat zpét na sebe tak daleko, aby umoznily ¢asovy pruzkum?
Fyzici pokracovali v hleddni matematickych zkratek v prostoru a ¢ase a nyni existuje mnoho
feSeni Einsteinovych rovnic, ve kterych jsou prostor a ¢as extrémné pokiivené. Zdalo by se,
ze v Einsteinové relativité ziistava cestovani ¢asem tvrdohlavou teoretickou moznosti.
Napftiklad, kdyz ptidate rotaci k cerné dife, prostor a Cas se také oto¢i. A pokud se ponofite
pfimo stfedem, miZete se vynofit nékde a jindy. Dalsi relativisticka struktura, ervi dira, stavi
Casoprostorovy most mezi dvéma misty a potencialné mezi dvéma riiznymi casy — ale ne
nutn¢ zkratkou. Objevuje se tedy cestovani Casem.

(11)- to be written into the equations of relativity. The reality of these solutions, whether
they can truly exist, remains unanswered. Perhaps we will never be able to focus enough
energy into a single place For spacetime to bend right back on itself. We now understand how



Einstein's space time works - but we still don’t know what it is. Where can we turn next? Well
- it was not just Einstein who was charting a new path at the beginning of the 20th century. It
was a dramatic period for theoretical physics - and quantum mechanics was at the forefront of
the changing order. And so - perhaps, physicists thought - the answer could lie at the smallest
scales in the universe.

Quantum Spacetime In the far future, the civilization had become desperate. The stars had
long died, and matter itself was starting to melt. Very few remained now, almost frozen in the
darkness. The last of life grinding to a halt. But some eyes still stared into the skies, To
witness the last bursts of light in the universe. The great books had told them this time would
come, Warning them that not even black holes would last forever. Whilst the immense gravity
of relativity held them together... On the smallest scale, the action of the quantum world
resulted in their ultimate decay. For eons they had struggled to combine the two - the world of
gravity had seemed so distant from the quantum. And so too their black hole home was
dissolving. They could do nothing to stop it. Indeed, the last few were so very tired, They
didn’t even try. "A university student attending lectures on general relativity in the morning
and others on quantum mechanics in the afternoon might be forgiven for thinking that his
professors are fools, or have neglected to communicate with each other for at least a century.”
There is a grave at Roselawn Cemetery in Tallahassee Florida. Written on it is the name of a
man who died in 1984, aged 82. Unlike the others in the graveyard, the man also has a plaque
at Westminster Abbey, Not far from the mortal remains of Isaac Newton. The plaque does not
say much. It labels the man as a physicist and notes his birth and death. But on the plaque is
also an equation, a complex mix of Latin and Greek letters. And this equation was the first
unification of Einstein’s relativity and quantum mechanics. The famous physicist Niels Bohr
referred to Paul Adrien Maurice Dirac as the strangest man to visit his institute. Born in
Bristol at the beginning of the twentieth century, he did not at first seem destined for scientific
greatness. In 1923, Dirac began his studies at the University of Cambridge. famously focused
on his science, He shunned many human interactions, and his conversations were mainly
silent. His colleagues named the unit of one word per hour as a “dirac” in his honour. But
whilst speech was slow, his mind raced around the problems of physics. It was a heady time
to be a physicist, with both Einstein's new world of relativity and the bizarre implications of
quantum mechanics opening up - were the fundamental secrets of the universe finally
revealing themselves? When Dirac began his exploration of quantum mechanics it was
written in the past. The mathematics of Schrodinger and Heisenberg played out on the stage
of Newton. With the tick of an absolute clock, and Galileo’s vision of space. But Dirac knew
that this picture of space and time was simply outdated. Surely the equations of quantum
mechanics should reflect Einstein's new visions of space and time. This bothered Dirac, and
he scrambled with the mathematics trying to make it work, spending his Sundays walking
alone turning over the equations in his mind. And in December 1927, the fog began to clear.
A relativistic quantum equation came into view. An equation that obeyed Einstein’s demand
that there is no special rest in the universe. And Dirac used this equation to explain the
simplest of particles, the electron. Suddenly, various peculiar properties of the electron made
mathematical sense. Within Dirac’s equation, the electron spins and behaves like a small bar
magnet, Both properties had been difficult to explain, but they were a natural consequence of
relativity. But there was another property that was completely unexpected. If you take the
square root of one, there are two solutions - plus one or minus one. In the same way, in
explaining the electron the Dirac equation has two solutions. One solution is negatively
charged and clearly represents the electron. But just what does the positive solution



correspond to? Dirac wondered if it could be the proton, the positively charged particle within
the nucleus. But being almost two thousand times more massive, that could not be correct. He
eventually concluded his equation was predicting a new particle, the anti-electron.

(11)- zapsat do rovnic relativity. Skute¢nost téchto feseni, zda mohou skute¢né existovat,
zlustava nezodpovézena. Mozna nikdy nebudeme schopni sousttedit dostatek energie na jediné
misto, aby se Casoprostor ohnul zpét na sebe. Nyni chapeme, jak Einsteiniv ¢asoprostor
funguje - ale stale nevime, co to je. Kam se miizeme obratit pfisté? No — nebyl to jen Einstein,
kdo na zacatku 20. stoleti mapoval novou cestu. Pro teoretickou fyziku to bylo dramatické
obdobi — a kvantova mechanika byla v popiedi méniciho se fadu. A tak — mozna, mysleli si
fyzici — odpoveéd’ by mohla lezet v nejmensich méfitcich ve vesmiru. Kvantovy prostoroc¢as V
daleké budoucnosti se civilizace stala zoufalou. Hvézdy uz davno zemtely a hmota samotna
zacinala tat. Zustalo jich jen velmi malo, téméf zamrzlych ve tmé. Posledni ¢ést Zivota se
zastavuje. Ale nékteré oci stale ziraly na oblohu, aby byly svédky poslednich zableski svétla
ve vesmiru. Velké knihy jim fekly, Ze tento Cas piijde, varovaly je, Ze ani ¢erné diry nebudou
trvat vé¢né. Zatimco nesmirna gravitace relativity je drzela pohromadé... V nejmenSim
méfitku vedla pisobeni kvantového svéta k jejich kone€nému rozpadu. Celé edny se snazili
spojit oboji - svét gravitace se zdal tak vzdaleny od kvanta. A tak se jejich domov ¢erné diry
rozplyval. Nemohli udélat nic, aby to zastavili. Skute¢né, n€kolik poslednich bylo tak velmi
unavenych, Ze se o to ani nepokouseli. "Univerzitnimu studentovi, ktery chodi rano na
pfednasky o obecné teorii relativity a odpoledne na prednaskach z kvantové mechaniky, by se
snad dalo odpustit, kdyZ si myslel, Ze jeho profesofi jsou hlupéci nebo Ze spolu zanedbévali
komunikaci po dobu nejmén¢ jednoho stoleti." Na hibitové Roselawn v Tallahassee na
Florid¢ je hrob. Je na ném napsano jméno muze, ktery zemiel v roce 1984 ve véku 82 let. Na
rozdil od ostatnich na hibitové ma tento muz také pamétni desku ve Westminsterském
opatstvi nedaleko ostatkii Isaaca Newtona. Pamétni deska toho moc nefika. Oznacuje muze
jako fyzika a zaznamenava jeho narozeni a smrt. Ale na plaketé je také rovnice, sloZitd smés
latinskych a feckych pismen. A tato rovnice byla prvnim sjednocenim Einsteinovy teorie
relativity a kvantové mechaniky. Slavny fyzik Niels Bohr oznacil Paula Adriena Maurice
Diraca za nejpodivnéjSiho muze, ktery navstivil jeho institut. Narodil se v Bristolu na za¢atku
dvacéatého stoleti a zpo€atku se nezdal byt predurcen k védecké velikosti. V roce 1923 zacal
Dirac studovat na univerzité v Cambridge. skvéle se zamé&fil na svou védu, vyhybal se mnoha
lidskym interakcim a jeho rozhovory byly prevazné tiché. Jeho kolegové na jeho pocest
pojmenovali jednotku jednoho slova za hodinu jako ,,dirac. Ale zatimco fe¢ byla pomala,
jeho mysl béZela kolem problémi fyziky. Byla to opojnéa doba byt fyzikem, kdyz se oteviel
Einsteiniv novy svét relativity a bizarni diisledky kvantové mechaniky — odhalila se kone¢né
zakladni tajemstvi vesmiru? KdyZ Dirac zacal se svym vyzkumem kvantoveé mechaniky, bylo
to napsano v minulosti. Matematika Schrodingera a Heisenberga se odehravala na jevisti
Newtona. S tikotem absolutnich hodin a Galileovou vizi vesmiru. Ale Dirac v€dé€l, Ze tento
obraz prostoru a ¢asu je prosté zastaraly. Rovnice kvantové mechaniky by jisté mély odrazet
Einsteinovy nové vize prostoru a ¢asu. To Diracovi vadilo a pletl se s matematikou, aby to
fungovalo, a travil nedéle tim, Ze se sdm prochézel a prevracel si v mysli rovnice. A v prosinci
1927 se mlha zacala rozchazet. Objevila se relativisticka kvantova rovnice. Rovnice, ktera se
podfidila Einsteinové pozadavku, ze ve vesmiru neni Zadny zvlastni odpocinek. A Dirac
pouzil tuto rovnici k vysvétleni nejjednodussi Castice, elektronu. Najednou rtizné zv1astni
vlastnosti elektronu davaly matematicky smysl. V Diracové rovnici se elektron to¢i a chova se



jako maly tyCovy magnet. Ob¢ vlastnosti bylo obtizné vysvétlit, ale byly pfirozenym
dusledkem relativity. Ale byla tu jesté jedna vlastnost, ktera byla zcela ne¢ekana. Pokud
vezmete druhou odmocninu z jedné, existuji dveé feseni — plus jedna nebo minus jedna. Stejné
tak pfi vysvétlovani elektronu ma Diracova rovnice dvé feSeni. Jeden roztok je zaporné nabity
a jasné reprezentuje elektron. Cemu ale odpovida pozitivni feSeni? Dirac uvazoval, zda by to
mohl byt proton, kladn¢ nabita ¢astice v jadie. Ale byt témer dvatisickrat masivngjsi, to
nemohlo byt spravné. Nakonec dosel k zavéru, Ze jeho rovnice predpovida novou ¢astici, anti-
elektron.

(12)- This particle should have the same mass as the electron but have the opposite, positive,
charge. Antimatter. The Dirac equation was the birth of quantum field theory, the most
successful physical theory. It is with these mathematics we describe all of the fundamental
particles and forces, the basis of the modern standard model. And for each of the particles,
there are anti-particles, electrons, positrons, quarks and anti-quarks. All a consequence of
Einstein’s view of relative space and relative time. But quantum field theory is built on
Einstein’s special theory of relativity. What of gravity and the general theory of relativity?
What if we incorporate curved spacetime into the Dirac equation? Unfortunately, after such
incredible early success - the last century has brought us no further in this quest. Within
quantum field theory, the quantum wave function that underlies existence still plays out
within the arena of space and time. Because of special relativity, this spacetime is more
complex than Newton’s view, but space and time are still the universal stage. And this stage is
broken when considering the curved spacetime of general relativity. Remember, in the general
theory of relativity, space and time are dynamic and evolving. They are not simply the stage -
they are players in the physics of the universe. Quantum mechanics was complicated enough,
but after many years of work its various infinities had ultimately been tamed. With curving,
bending, rippling spacetime - the infinities seemed uncontrollable. With the failure to simply
merge gravity and quantum mechanics, some physicists have searched elsewhere. This has
involved going back to the drawing board, with new ideas for just what space and time are in
the quest for the so-called “theory of everything” - the so-far fruitless search to tie the
microscopic quantum world to the macroscopic world of general relativity and fully explain
the universe. And of course these theories of everything have not necessarily made things
simpler. In one of the leading contenders, string or m-theory, there might be 11 or even 26
dimensions. But what do these ideas have to say about the fundamental nature of space and
time? Again it’s not so simple. In m-theory, space and time are part of the fundamental
structures of the universe. The strange, contorted shape of this structure in multiple
dimensions explains everything. Not just space and time, but all matter, all radiation, and all
of the forces. What are these fundamental structures made of? M-theory doesn't tell us.
Another contender for the theory of everything is loop quantum gravity. On the face of it, this
theory is even more bizarre, with space and time being quantum phenomena. At the tiny
Planck scale, spacetime is chunky, fundamentally meshed together into a network. And to us,
this subatomic mesh has the appearance of smooth space and time. Again, we can ask - what
are these quantum grains made of? And again, we are left disappointed as they just are. But
perhaps the solution is simpler than this. Perhaps - some have speculated - space and time do
not exist at all. Remember at the start of this story we heard the disagreement between
Newton and Leibniz. To Newton, space and time were part of reality and existed independent
of the matter in the universe. Leibniz, however, said that it was the relationships between



matter that defined space and time. Without them, space and time would have no meaning.
And the relativistic vision of spacetime seemed to match this picture. Einstein told us that
matter defined the structure of spacetime, And spacetime told matter what to do. We know
that in the quantum picture, spacetime appears to be lumpy. And that reality is possibly
constructed of these bits of spacetime as the universe grows. But what if space and time are
not really there? What if space and time are actually emergent phenomena, something we
experience only as macroscopic beings? This might sound strange, but we know that we are
sandwiched in the universe. This means that we don’t feel the cosmological expansion that
dominates the large-scale universe. And similarly, we don’t feel the individual feel individual
atoms as they collide with our skin. Instead, we have a collective term, temperature to
describe what is happening. Perhaps space and time are the same? In 1997, Juan Maldacena
found a key relationship in the mathematics of string theory and gravity. Known as the
AdS/CFT correspondence, it could be accidental and of no consequence, but it could also be
pointing to something deeper, The path to uniting quantum mechanics and gravity. But if this
is the right path, something else emerges. Through this relationship, space and time become
granular: pieces of fundamental length and fundamental time - Planck scale pixels that set the
smallest resolution of the universe. This would mean that at the smallest scales, space and
time would appear as nothing more than grains of sand on a beach.

vvvvvv

fyzikalni teorie. Pomoci této matematiky popisujeme vSechny zékladni ¢astice a sily, které
jsou zakladem moderniho standardniho modelu. A pro kazdou z ¢astic existuji anticastice,
elektrony, pozitrony, kvarky a antikvarky. Vse je diisledkem Einsteinova pohledu na relativni
prostor a relativni Cas. Ale kvantova teorie pole je postavena na Einsteinové specidlni teorii
relativity. Co gravitace a obecna teorie relativity? Co kdyz do Diracovy rovnice za¢lenime
zaktiveny Casoprostor? BohuZel, po tak neuvéfitelném raném uspéchu - minulé stoleti nas v
tomto hledani neposunulo déle. V ramci kvantové teorie pole se kvantova vinova funkce,
ktera je zakladem existence, stale odehrava v aréné prostoru a ¢asu. Kviili specialni relativité
jevistém. A tato faze je pferuSena, kdyz uvazujeme zakiiveny prostoro€as obecné teorie
relativity. Pamatujte, Ze v obecné teorii relativity jsou prostor a ¢as dynamické a vyvijejici se.
Nejsou jen jevistém — jsou hréci fyziky vesmiru. Kvantova mechanika byla dost
komplikovana, ale po mnoha letech prace byla jeji riznd nekone¢na nakonec zkrocena. Se
zakfivenim, ohybanim, vinénim casoprostoru - nekone¢na se zdala nekontrolovatelna.
Vzhledem k tomu, Ze se nepodaftilo jednoduse sloucit gravitaci a kvantovou mechaniku,
nékteti fyzici hledali jinde. To zahrnovalo navrat k rysovacimu prknu s novymi napady na to,
co je prostor a €as v patrani po takzvané ,.teorii vSeho* — zatim neuspésném hledani spojit
mikroskopicky kvantovy svét se svétem makroskopickym. obecné teorie relativity a plné
vysvétlit vesmir. A samoziejmé tyto teorie vSeho nemusi nutné véci zjednodusit. V jednom z
prednich uchazect, strunové nebo m-teorii, miize existovat 11 nebo dokonce 26 dimenzi. Co
ale tyto myslenky vypovidaji o zdkladni povaze prostoru a ¢asu? Zase tak jednoduché to neni.
V m-teorii jsou prostor a ¢as soucasti zakladnich struktur vesmiru. Podivny, zkrouceny tvar
této struktury ve vice dimenzich vSe vysvétluje. Nejen prostor a Cas, ale vesSkera hmota,
veskeré zafeni a vSechny sily. Z ¢eho jsou tyto zakladni struktury vyrobeny? M-teorie nam to
netiké. Dal§im uchazecem o teorii vSeho je smyCkova kvantova gravitace. Na prvni pohled je



tato teorie jesté bizarnéjsi, protoze prostor a ¢as jsou kvantové jevy. Na malém Planckové
m¢éfitku je Casoprostor mohutny, v podstaté propojeny do sité. A pro nds ma tato subatomarni
sit’ vzhled hladkého prostoru a ¢asu. Opét se miizeme ptat — z ¢eho jsou tato kvantova zrna
vyrobena? A opét jsme zistali zklamani, stejné jako oni. Ale mozna je feSeni jednodussi nez
toto. Mozna — nékteii spekulovali — prostor a ¢as vliibec neexistuji. Pamatujte, Ze na zacatku
tohoto pribéhu jsme slySeli neshody mezi Newtonem a Leibnizem. Pro Newtona byly prostor
a Cas soucasti reality a existovaly nezavisle na hmot€ ve vesmiru. Leibniz vSak tekl, Ze to byly
vztahy mezi hmotou, které definovaly prostor a ¢as. Bez nich by prostor a ¢as nemély zadny
vyznam. A zdalo se, ze relativistickd vize Casoprostoru tomuto obrazu odpovida. Einstein nam
ekl, ze hmota definuje strukturu ¢asoprostoru, a ¢asoprostor ekl hmoté, co ma délat. Vime,
7e na kvantovém obrazku se ¢asoprostor jevi jako hrudkovity. A tato realita je mozna
konstruovana z téchto kouskli ¢asoprostoru, jak vesmir roste. Ale co kdyZ prostor a ¢as ve
skutec¢nosti nejsou? Co kdyz jsou prostor a ¢as ve skutecCnosti emergentni jevy, néco, co
zazivame pouze jako makroskopické bytosti? Mize to znit divné, ale vime, Ze jsme sevieni ve
vesmiru. To znamen4, Ze necitime kosmologickou expanzi, kterd dominuje velkému vesmiru.
A podobné necitime, Ze jednotlivec citi jednotlivé atomy, kdyZ se srazi s nasi kazi. Misto toho
mame spolecny termin, teplota, ktery popisuje, co se dé€je. Mozna je prostor a ¢as totéz? V
roce 1997 nasel Juan Maldacena klicovy vztah v matematice teorie strun a gravitace. Znama
jako korespondence AdS/CFT, mohla byt ndhodné a bez disledki, ale mohla by také
ukazovat na néco hlubsiho, na cestu ke sjednoceni kvantové mechaniky a gravitace. Pokud je
to ale spravna cesta, objevi se néco jiného. Prostfednictvim tohoto vztahu se prostor a ¢as
stavaji granularnimi: kousky zékladni délky a zakladniho ¢asu — pixely v Planckové méftitku,
které nastavuji nejmensi rozliSeni vesmiru. To by znamenalo, Ze v nejmens$im méftitku by
prostor a ¢as vypadaly jako nic jiného nez zrnka pisku na plazi.

(13)- And so, perhaps there is no space between the grains of reality - no time between one
grain and another. Perhaps to these grains, these are concepts that make no sense - there are
only their relations, how they interact. For us, much larger than the scale of these grains, there
is the concept of space. And somehow through the relationships of the grains, we experience
the experience of experience. But underlying this, maybe ultimately, space and time simply
don’t exist, There are just fundamental bits and pieces, and their inter-relationships. This may
feel uncomfortable. Just where is the “you” in this relational universe? Perhaps it is best to
think of it like this: Most of us have come to terms with the fact that we are physically a
collection of atoms. And somewhere in this collection, we, our consciousness, somehow
emerges. We seem to be able to live with this illusion of our being. Maybe all we need to do
is the same for the stage on which we play out our existence. And so, we have come a long
way and are approaching the end of our journey. Space and time, our focus along our path,
both seemed so natural, seemed so normal. But we have seen that they are far more strange,
more mysterious than they first appear. Though the space and time of Newton were simple
and absolute, they became more complex with Einstein’s curving spacetime. And the
guantum nature of spacetime attempts to dice space and time into little pieces. But are we any
closer to really understanding its true nature? A lot of hope is pinned on our next fundamental
theories, That a theory of everything will eventually shine a light on the universal stage. And
maybe written into the theory will be the true nature of space and time. Perhaps the block
universe will be banished as the universe unfolds. Perhaps quantum processes are constructing
a “now” one instant at a time. Or perhaps some process we have yet to imagine is defining



reality. But, of course, nature is not bound to reveal its secrets. No matter how hard scientists
work, they may never reveal the fundamental truth. We must face the fact that some mysteries
might remain forever mysteries - indeed just what space and time actually are could forever
be beyond our grasp. And so, finally we return to the twilight of the cosmos. Within their
home, the last few watched their black hole slowly evaporate. All they wanted was to eke out
one more day, one more moment. But eventually, the decay of the universe could no longer be
shut out. They had manipulated space, they had mastered
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time, bent them to their will. But they could not defeat them. And then, there was darkness.
(13)- A tak mozna neni zadny prostor mezi zrnky reality — zadny ¢as mezi jednim zrnkem a
druhym. Mozna pro tato zrna jsou to pojmy, které nedavaji smysl - existuji pouze jejich
vztahy, jak se ovliviiuji. Pro nas, mnohem vétsi nez je méfitko téchto zrn, existuje pojem
prostoru. A néjak prostfednictvim vztahl zrn prozivame zkuSenost zkuSenosti. Ale za tim,
mozna nakonec, prostor a ¢as prosté neexistuji, existuji jen zakladni kousky a jejich vzajemné
vztahy. To mlze byt nepiijemné. Kde je to ,,vy* v tomto relaénim vesmiru? Mozn4 je nejlepsi
si to pfedstavit takto: VéEtSina z nds se smifila s tim, ze jsme fyzicky sbirka atomi. A nékde v
této sbirce se n&jak vynofujeme my, naSe védomi. Zda se, Ze jsme schopni zit s touto iluzi
nasSeho byti. Mozné vSe, co potifebujeme udélat, je totéz pro jevisté, na kterém hrajeme svou
existenci. A tak jsme usli dlouhou cestu a blizime se ke konci nasi cesty. Prostor a Cas, naSe
zaméteni na nasi cesté, oboji vypadalo tak pfirozené, vypadalo tak normalné. Ale vidéli jsme,
7e jsou mnohem podivnéjsi, tajemnéjsi, nez se na prvni pohled zda. Ackoli prostor a ¢as
Casoprostoru. A kvantova povaha ¢asoprostoru se pokousi rozsekat prostor a ¢as na malé
kousky. Ale jsme o néco bliz k tomu, abychom skute¢né pochopili jeho pravou podstatu? Do
naSich dalSich zakladnich teorii se vklada velka nadéje, ze teorie v§eho nakonec osvétli
vesmirnou scénu. A mozna bude do teorie zapsana skute¢na povaha prostoru a casu. Mozna
bude blokovy vesmir vykazan, jak se vesmir rozvine. Mozna kvantové procesy konstruuji
»ted™ jeden okamzik po druhém. Nebo mozné néjaky proces, ktery si jest€¢ neumime
pfedstavit, definuje realitu. Ale pfiroda samoziejmé neni povinna odhalit sva tajemstvi. Bez
ohledu na to, jak tvrdé védci pracuji, nemusi nikdy odhalit zdkladni pravdu. Musime celit
skute¢nosti, ze néktera tajemstvi mohou ziistat navzdy tajemstvimi - skute¢né to, co prostor a
¢as skute¢né jsou, mize byt navzdy mimo nés dosah. A tak se kone¢né vracime do soumraku
kosmu. Ve svém domé né€kolik poslednich sledovalo, jak se jejich ¢erna dira pomalu
vypatuje. Jediné, co chtéli, bylo prozit jesté jeden den, jesté chvili. Ale nakonec se rozpad
vesmiru uz nedal zastavit. Zmanipulovali prostor, zvladli to

1:14:48, ¢as je naklonil k jejich vili. Porazit je ale nedokazali. A pak byla tma.

http://www.hypothesis-of-universe.com/docs/f/f 064.jpg

http://www.hypothesis-of-universe.com/docs/c/c_310.jpg  dv€ zapisové techniky


http://www.hypothesis-of-universe.com/docs/f/f_064.jpg
http://www.hypothesis-of-universe.com/docs/c/c_310.jpg

