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Brian Greene takes us on the ultimate time traveling adventure, hurtling 50 years into the
future before stepping into a wormhole to travel back to Big Bang. Along the way, he reveals
a new way of thinking about time in which moments past, present, and future—from the reign
of T. Rex to the birth of your great-great-grandchildren—exist all at once.

Brian Greene nas vezme na vrcholné dobrodruzstvi cestovani v ase, fiti se 50 let do
budoucnosti, nez vstoupi do Cervi diry a vrati se k Velkému tiesku. Cestou odhaluje novy
zpusob uvazovani o Case, ve kterém okamziky minulé, souc¢asné i budouci — od vlady T. Rexe
aZ po narozeni vasich prapravnoucat — existuji v§echny najednou.
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(01)- Lying just beneath everyday reality is a breathtaking world, where much of what we
perceive about the universe is wrong. Physicist and best-selling author Brian Greene takes
you on a journey that bends the rules of human experience. BRIAN GREENE: Why don't we
ever see events unfold in reverse order? According to the laws of physics, this can happen. It's
a world that comes to light as we probe the most extreme realms of the cosmos, from black
holes to the Big Bang to the very heart of matter itself. I'm going to have what he's having.
Here, empty space teems with ferocious activity. Our universe may be one of many, and the
three-dimensional world merely a mirage. GREENE: But how could this be? How could we
be so wrong about something so familiar? Does it bother us? Absolutely. There's no principle
built into the laws of nature that say that theoretical physicists have to be happy. It's a game-
changing perspective that opens up a whole new world of possibilities. Coming up...
GREENE: Look around any train station, and you can see how time rules our lives. But time
is not what it seems. There may be no distinction between past, present and future. GREENE:
If time isn't what we all think it is, then what is it? Did it have a beginning? Will it have an
end? Where did it come from? The "lllusion of Time" on "The Fabric of the Cosmos," right
now on NOVA. BRIAN GREENE: "Once upon a time." That magical phrase at the beginning
of every good story. But what is the story of time? People say that time flies, that time is
money, we waste time, we Kill time, we try to save time. But what do we really know about
time? Well, like this river, time seems to flow endlessly from one moment to the next. And
the flow of time seems to always be in one direction: toward the future. But that may not be
right. Discoveries over the last century have shown that much of what we think about time
may be nothing more than an illusion. Contrary to everyday experience, time may not flow at
all. Our past may not be gone. Our future may already exist. It turns out time itself can speed
up or slow down. And events that we think can unfold in only one direction can also unfold in
reverse. But how could this be? How could we be so wrong about something so familiar? And
if time isn't what we all think it is, then what is it? Did it have a beginning? Will it have an
end? Where did it come from? JANNA LEVIN: We'd like to corner time as a thing, but it
defies that completely by being momentary, by only having definitions that hearken back to
the notion of time itself. Time is the thing that everyone knows intimately until you ask them
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to tell you about it. ALAN GUTH: "What is time?" is really the $64,000 question to physics.
There's basically no aspect of time which | feel we really fully understand. GREENE: So how
do you begin to unlock a mystery as deep and elusive as time? Well, one way is to measure it.
And using clocks of all different shapes, sizes and kinds, we've been measuring time with
ever-greater accuracy for thousands of years. The first clock was one that you could say ticks
just once a day: the rotating Earth. From the repetition of our planet's daily rotation on its axis
to its yearly orbit around the sun, we have always used the predictable, consistent motion of
the Earth to measure time. We're always looking for things that repeat over and over again,
and that repetition, that cycle of things forms a clock. That's all time becomes is some
repetitive process. GREENE: Measuring the Earth's motion with a sundial, we divided the day
into hours. WILLIAM PHILLIPS: The Earth rotates once a day, and we tick off the days by
looking at the rising and the setting of the sun. GREENE: With the swing of a pendulum, we
divided hours into minutes and seconds. With the vibration of a quartz crystal, we improved
accuracy to the thousandths of a second. But the National Institute of Standards and
Technology in Colorado is the place to go if you really want to know what time it is. STEVE
JEFFERTS: This is U.S. official time. It doesn't get any more accurate than this. GREENE:
Here they measure time with mind-boggling accuracy using one of the smallest objects in the
universe: an atom of a rare metal called cesium. PHILLIPS: Atoms have a natural frequency.
And anything that vibrates, that is giving you repetitive motion, can be a clock. The frequency
at which the cesium atom ticks is the official timekeeper for the world. GREENE: When a
cesium atom is bombarded with energy, it vibrates, or ticks, giving off pulses of light over
nine billion times a second. JEFFERTS: We count the ticks of the cesium atom. And the
cesium atom ticks at this 9,192,631,770 ticks in a second. And so every time you count up to
that number, one second has gone by. And you get one second after one second, after one

(01)- Lezici tésné pod kazdodenni realitou je dechberouci svét, kde mnohé z toho, co o
vesmiru vnimame, je Spatné. Fyzik a autor bestsellerti Brian Greene vas vezme na cestu, ktera
ohyba pravidla lidské zkuSenosti. BRIAN GREENE: Pro¢ nikdy nevidime, jak se udalosti
vyvijeji v opacném poradi? Podle fyzikalnich zakoni se to mlze stat. Je to svét, ktery vychazi
samotné srdce hmoty samotné. Dam si to, co on. Prazdny prostor se zde hemzi divokou
aktivitou. Na§ vesmir mize byt jednim z mnoha a trojrozmérny svét je jen prelud. GREENE:
Ale jak by to mohlo byt? Jak jsme se mohli tak mylit v né€em tak zndmém? Vadi ndm to?
Absolutné. V pfirodnich zadkonech neni zabudovan Zadny princip, ktery ik, ze teoreticti
fyzici musi byt $tastni. Je to herni perspektiva, ktera otevira zcela novy svét moznosti. Blizi
se... GREENE: Rozhlédnéte se po kterémkoli nadrazi a uvidite, jak ¢as ovlada naSe Zivoty.
Ale ¢as neni takovy, jak se zdd. Nemusi byt Zadny rozdil mezi minulosti, pfitomnosti a
budoucnosti. GREENE: Pokud ¢as neni to, co si vS§ichni myslime, co je? M¢lo to zacatek?
Bude to mit konec? odkud se to vzalo? "lllusion of Time" na "The Fabric of the Cosmos",
prave ted na NOVA. BRIAN GREENE: "Kdysi." Ta kouzelna fraze na zacatku kazdého
dobrého piibehu. Ale jaky je ptibeh casu? Lidé tikaji, Ze Cas leti, ze Cas jsou penize, ztracime
Cas, zabijime ¢as, snazime se Setfit ¢as. Ale co vlastn¢ vime o ¢ase? Jako tato feka se zda, ze
¢as plyne nekonecné od jednoho okamziku k druhému. A tok ¢asu se zda byt vzdy jednim
smeérem: smeérem k budoucnosti. To ale nemusi byt spravné. V makrosveéte,

v makrorozmérech to spravné je. V Mikrosvéte interakci elementarnich ¢astic je to jiné. Je
tam ,,chaos sméra plynuti Casu. ,,V¥ici péna dimenzi“. Uz i prof. Kulhanek to tak vidi, ze



v mikrokosmu ani moc ¢as nepotiebujeme (?!). http://www.hypothesis-of-
universe.com/docs/aa/aa_363.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_312.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_307.pdf ; Objevy v minulém stoleti ukazaly, ze mnohé z toho, co si
myslime o ¢ase, nemusi byt nic jiného nez iluze. Na rozdil od kazdodenni zkusenosti nemusi
¢as viibec plynout. ?? To tika kdo? To tvrdi kdo? Nase minulost mozna neni pryc. Nase
budoucnost uz mozna existuje. Ukazuje se, ze samotny ¢as muze zrychlit nebo zpomalit. A
udalosti, o kterych si myslime, Ze se mohou vyvijet pouze jednim smérem, se mohou vyvijet i
obracen¢. Ale jak by to mohlo byt? Jak jsme se mohli tak mylit v néem tak znamém? A
pokud &as neni to, co si viichni myslime, co je? Cas je veli¢ina, ktera ma také 3 dimenze.
Teprve az kdyz ,,né¢kdo-néco* ukrajuje na téch dimenzich intervaly, teprve pak se dd mluvit o
tempu plynuti casu, ¢ili ,,0 lidském vniméni ¢asu®. My to jsme, co putujeme ,,po Case®,
nejméne po jedné Casové dimenzi, my rozbalujeme kiivost casové dimenze a tim ,,vyrabime*
tok-plynuti ¢asu. M¢lo to zac¢atek? Bude to mit konec? Odkud se to vzalo? JANNA LEVIN:
Radi bychom ¢as zatlacili do kouta jako véc, ale ono to uplné popira tim, ze je momentalni,
protoze mame pouze definice, které naslouchaji samotnému pojmu ¢asu. Cas je véc, kterou
kazdy divérné zna, dokud je nepozadate, aby vam o tom fekli. ALAN GUTH: "Kolik je ¢as?"
je skutecné otazka 64 000 dolarti pro fyziku. V zdsad¢ neexistuje zadny aspekt ¢asu, kterému
bychom opravdu plné rozuméli. GREENE: Jak tedy zac¢it odemykat tajemstvi tak hluboké a
nepolapitelné jako ¢as? No, jeden zplsob je méfit to. A pomoci hodin vSech riznych tvarg,
velikosti a druhti méfime Cas se stale vétsi piesnosti po tisice let. Prvni hodiny byly takové, o
kterych by se dalo fici, Ze tikaji jen jednou denné: rotujici Zemé. Od opakovani denni rotace
nasi planety kolem jeji osy aZ po jeji ro¢ni ob&h kolem Slunce jsme k méfeni ¢asu vzdy
pouzivali predvidatelny, konzistentni pohyb Zemé¢. Stale hledame véci, které se opakuji znovu
a znovu, a to opakovani, ten cyklus véci tvoii hodiny. To je §patné. Cas je néco jiného nez
hodiny. Hodiny, to je ,,tikajici mechanizmus®, ktery je na vyrobu ,,tikdl — interval(i* nastaven.
Cas je fyzikélni realisticka veli¢ina — artefakt Jsoucna, kterd ma nejméné jednu dimenzi, po
které se pohybuje hmota (nebo i kursor) a ta hmota ukrajuje tim pohybem intervaly. Ty pak
presentuji tok — plynuti casu. To je ¢as. http://www.hypothesis-of-
universe.com/docs/c/c_464.jpg To je vSechno, co se stava n¢jakym opakujicim se procesem.
ZELENA: Méfenim pohybu Zemé slune¢nimi hodinami jsme rozdélili den na hodiny.
WILLIAM PHILLIPS: Zemé se otoci jednou za den a my si dny odskrtavame pohledem na
vychod a zapad slunce. ZELENA: Svihem kyvadla jsme rozd¢lili hodiny na minuty a vtefiny.
Pomoci vibraci kfemenného krystalu jsme zlepsili pfesnost na tisiciny sekundy. Piesnost
intervalu neni az tak diilezita pro ,,tok — plynuti ¢asu®. Tempo Casu ( ukrajovani intervali)
muze byt rizné a hodiny na to nemaji vliv. Pokud ale opravdu chcete védét, kolik je hodin, je
Néarodni institut pro standardy a technologie v Coloradu tim mistem, kam se vydat. STEVE
JEFFERTS: Toto je oficialni ¢as USA. Pfesnéjsi to uz neni. GREENE: Zde méfi €as s
ohromujici pfesnosti pomoci jednoho z nejmensich objektli ve vesmiru: atomu vzacného kovu
zvaného cesium. Pfesnost neni diilezita. Podstatné je jak a ¢im a prod se méni tempo plynuti
casu, tj. ukrajovani intervali. PHILLIPS: Atomy maji vlastni frekvenci. A cokoli, co vibruje,
co vam dava opakovany pohyb, mohou byt hodiny. Frekvence, pfi které tika atom cesia, je
oficialni dasomira pro svét. ZELENA: KdyZ je atom cesia bombardovan energii, vibruje
neboli tika a vydava pulzy svétla vice nez devét miliardkrat za sekundu. JEFFERTS:
Pocitame klistata atomu cesia. A atom cesia tika na téchto 9 192 631 770 tikd za sekundu.
Sekundu si ¢loveék zvoli a pak se pta kolik se ,,do ni* vejde tikl cesia. A tak pokazdé, kdyz
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dopocitate toto Cislo, ub&hla jedna sekunda. A dostanete jednu sekundu po jedné sekundé, po
jedné

(02)- second after one second. PHILLIPS: This is just astounding. My watch gains or loses a
second every couple of months. We're talking about clocks that would only gain or lose a
second in 100 million years. And that kind of story, where we take one measure of time and
replace it with something that we decide is more accurate, has been the constant reform
process of physics over hundreds of years. GREENE: But no matter how accurate our clocks
have become, time remains a mystery. Clocks can tell us what time it is, but they haven't been
able to tell us what time itself is. What is it we're actually measuring? We may not know what
time is, but the experience of the passage of time is a fundamental part of our lives. We're
always thinking about time, remembering the past, making plans for the future, living our
lives within time's constant tick, tick, tick. I mean, look around any train station and you can
see how time rules our lives. What may not be so obvious is that the rise of train travel played
a key role in one of the most startling discoveries about time. (train horn blowing) Tickets,
please, sir. Train running on time? Yes, sir. Thank you. GREENE: In the early days of train
travel, time posed a unique problem. Back then, each town set their own particular time. Noon
was when the sun was directly overhead, you know, more or less. And what time it was in
another city, well, you know, that hardly mattered. And to complicate things even further,
trains would carry the time of the city where they began their journey. So, if | was going from
Paris to Geneva, | would be on Paris time the whole way, since that's where | started. But
were | going the other direction, from Geneva to Paris, I'd be on Geneva time. PETER
GALISON: And as you began to have more and more train lines crossing, and more and more
different times located at that interchange, it became a nightmare of confusion. GREENE: The
need to coordinate clocks over great distances became a huge issue, especially when the cities
were connected by a single track. And here's where the modern story of time begins. As the
need for synchronized clocks became ever more critical, a young physicist named Albert
Einstein took a job at the patent office in Bern, Switzerland. GALISON: It was a ringside seat
to all of the great inventions of the time. The patents showed how new and exciting ways to
synchronize clocks with the exchange of telegraph signals, clocks that were synchronized by
radio waves, all made the synchronization of time, and what time was, and how it was
measured, something immediately important and exciting for Einstein. GREENE: Einstein
would soon shake up the world with a radical insight into the nature of time. And these
mechanical devices provided unexpected inspiration. Einstein realized that these attempts to
synchronize clocks-- they were much more than merely creative inventions. Instead, he
realized that they were revealing a deep crack in our understanding of time itself. Most people
view time in a pretty simple, straightforward way. Time ticks the same for everyone
everywhere. It's a common-sense picture established by the father of modern science, Isaac
Newton. JIM GATES: Time for Isaac Newton is something that is an immutable property of
the universe. Time always changes at the same rate. Time just goes along, and there's really
nothing we can do about it. GREENE: Sensible as Newton's picture of time may seem,
Einstein realized it wasn't right. He discovered that time could run at different rates. As
strange as it sounds, this means that time for me may not be the same as time for you.
Einstein's discovery smashed Newton's conception of reality. Einstein says that time is not
just a label on the whole universe; time is experienced individually. What Einstein gave us is
a much, much richer picture where everybody has their own private time, which runs at their



own private rates. There isn't time in a sense of a universal tick-tock; there were times.
GREENE: Einstein came to this shocking revelation by uncovering a hidden connection
between space and time. What Einstein figured out is that there's a profound link between
motion through space and the passage of time. Roughly speaking, the more you have of one,
the less you have of the other. To see how this works, let's take a little ride. Right now, I'm
heading due north at 60 miles an hour. And that means all my motion is in the northward
direction. But let's now turn onto a different road and head northwest. I'm still going 60 miles
an hour, but I'm not making as much progress toward the north as | was a minute ago. And
that's because some of my northward motion has been diverted, or shared with, my westward
motion. Einstein realized that time and space are linked in much the same way that north and

(02)- sekunda po jedné sekund¢. PHILLIPS: To je prosté ohromujici. Moje hodinky kazdych
par mésicu ziskavaji nebo ztraceji sekundu. Hodinky nic neztraceji. Hodinky jsou ,,vytobeny
mechanizmus na odtikavani urcitého poctu tiki*“ a timto mechanizmem ktery se ménit nesmi,
se porovnava pocet tikti redlného fyzikalniho déje v Prirodé, kdekoliv ve vesmiru. Tempo
casu se meni v realité, nikoliv na hodinkach. Hovotime o hodinach, které by za 100 milionti
let ziskaly nebo ztracely jen vtefinu. A tento druh pfibéhu, kde vezmeme jedno méfitko casu a
nahradime ho né¢im, o ¢em se rozhodneme, ze je piesnéjsi, byl neustalym reformnim
procesem fyziky po stovky let. GREENE: Ale bez ohledu na to, jak presne jsou nase hodiny,
gas Zulstava zahadow: Ano, to je konecnd piesné pochopeni fhodinek versus &as . Hodiny
nam mohou fict, kolik je hodin, ale nedokazaly nam fict, jaky je samotny ¢as. Zopakuji to po
sté: Ces je nazev fyzikalni veli¢iny Jsoucna, tedy zakladni fyzikalni reality kterou je
asoprostor kontinuum. Cas pak ma dimenze (jak Délka), a teprve az kdyz sledujeme pohyb,
pohyb ¢ehokoliv ,,po Casové dimenzi®, tak tento pohyb >ukrajuje< na dimenzi intervaly a ty
pak presentuji tok — plynuti ¢asu. ( ...podle toho jak jsou dimenze kfivé, a jak se rozbaluji, tak
podle toho mizeme posoudit ono tempo plynuti casu.) Co to vlastné métime? Mozna nevime,
co je Cas, ale zkuSenost plynuti ¢asu je zdkladni soucésti nasich Zivotl. Stile myslime na Cas,
vzpomindme na minulost, déldme plany do budoucna, Zijeme své Zivoty v neustalém tikéani
Casu, tikani, tikani. ... poh\b, posun objektu po ¢asové dimenzi. Chci fict, rozhlédnéte se po
jakémkoli vlakovém nadrazi a uvidite, jak Cas fidi nase Zivoty. Co nemusi byt tak zfejmé je,
7e vzestup cestovani vlakem sehral klicovou roli v jednom z nejpiekvapivejSich objevil o
Case. Listky, prosim, pane. Vlak jezdi na ¢as? Ano, pane. Dékuji. GREENE: V prvnich dnech
cestovani vlakem piedstavoval ¢as jedine¢ny problém. Tehdy si kazdé mésto ur€ovalo svij
vlastni ¢as. Bylo poledne, kdyZ bylo slunce pifimo nad hlavou, vite, viceméné. A kolik bylo
hodin v jiném mésté, no, vite, na tom moc nezaleZelo. A aby se to jesté vice zkomplikovalo,
vlaky by vezly ¢as mésta, kde zaGaly svou cestu. Takze kdybych jel z Patize do Zenevy, byl
bych celou cestu v patfiZzském Case, protoze tam jsem zacal. Ale kdybych Sel jinym smérem, z
Zenevy do Paiize, byl bych v Zenevském ¢ase. PETER GALISON: A jak se zacalo kiizovat
vice a vice vlakovych linek a stale vice riiznych €asit umisténych na tomto ptestupnim uzlu,
stal se z toho no¢ni miira zmatku. GREENE: Potfeba koordinovat hodiny na velké vzdalenosti
se stala obrovskym problémem, zvlaste kdyz byla mésta spojena jedinou koleji. A tady zacina
moderni ptibeh ¢asu. ProtoZe potieba synchronizovanych hodin byla stale kritictejsi, piijal
mlady fyzik Albert Einstein praci v patentovém ufadu ve Svycarském Bernu. GALISON: Bylo
to misto pro vSechny velké vyndlezy té doby. Patenty ukézaly, jak nové a vzrusujici zptisoby
synchronizace hodin s vyménou telegrafnich signald, hodiny, které byly synchronizovany
radiovymi vlnami, vSechny umoznily synchronizaci ¢asu a toho, co je ¢as a jak se méfi, néco




bezprostifedné diilezitého a vzrusujiciho pro Einstein. GREENE: Einstein brzy otiese svétem
radikalnim vhledem do povahy Casu. A tato mechanické zafizeni poskytla ne¢ekanou
inspiraci. Einstein si uvédomil, ze tyto pokusy o synchronizaci hodin byly mnohem vic nez
jen kreativni vynalezy. Misto toho si uvédomil, ze odhaluji hlubokou trhlinu v nasem chépani
samotného ¢asu. Vétsina lidi vidi ¢as docela jednoduchym a piimo&arym zpiisobem. Cas tika
vSude stejné pro vSechny. Je to obraz zdravého rozumu, ktery vytvotil otec moderni védy
Isaac Newton. JIM GATES: Cas pro Isaaca Newtona je néco, co je neménnou vlastnosti
vesmiru. Cas se méni vzdy stejnym tempem. Cas prosté b&Zi a my s tim opravdu nemtizeme
nic délat. GREENE: I kdyz se Newtontliv obraz ¢asu miize zdat rozumny, Einstein si
uvédomil, Ze to neni spravné. Zjistil, ze ¢as muze bézet rizné rychle. Jakkoli to zni divné,
znamena to, ze ¢as pro m¢ nemusi byt stejny jako Cas pro vés. Einsteiniiv objev rozbil
Newtonovo pojeti reality. Einstein fik4, ze ¢as neni jen nalepka na celém vesmiru; ¢as se
prozivé individualné. To, co nam Einstein poskytl, je mnohem, mnohem bohatsi obrazek, kde
ma kazdy sviij soukromy Cas, ktery bézi za jeho vlastni soukromé sazby. Neni ¢as ve smyslu
univerzalniho tik-tak; byly ¢asy. GREENE: Einstein pfisel k tomuto Sokujicimu odhaleni
odhalenim skrytého spojeni mezi prostorem a ¢asem. Einstein pfiSel na to, Ze mezi pohybem v
prostoru a plynutim Casu existuje hluboké souvislost. Zhruba feceno, ¢im vice mate jednoho,
tim mén¢ mate druhého. To uz je spravny naznak na vyhodnoceni pootaceni soustav

Vv pokiiveném Casoprostoru. http://www.hypothesis-of-universe.com/docs/aa/aa_307.pdf
Abychom vid¢li, jak to funguje, pojd'me se trochu projet. Pravé ted’ mifim na sever rychlosti
60 mil za hodinu. A to znamen4, Ze veSkery mijj pohyb je na sever. Ale ted’ odbo¢me na jinou
silnici a vydejme se na severozapad. Stale jedu 60 mil za hodinu, ale neudélam takovy pokrok
smérem na sever jako pfed minutou. A to proto, Ze ¢ast mého pohybu na sever byla odklonéna
nebo sdilena s mym pohybem na zapad. Einstein si uvédomil, Ze ¢as a prostor jsou propojeny
http://www.hypothesis-of-universe.com/docs/c/c_012.jpg ; http://www.hypothesis-of-
universe.com/docs/c/c_038.jpg ; http://www.hypothesis-of-universe.com/docs/c/c_486.jpg ; vV
podstaté stejnym zptsobem jako sever a

(03)- west are. And with this surprising insight, Einstein would overthrow the common-
sense idea that time ticks the same for everyone. Here's what | mean. That guy over there
would say that I'm not moving at all. But | am. I may not be moving through space, but I am
moving through time. | mean, after all, my watch just keeps on ticking and ticking. And as
long as I'm standing still-- that is, not moving through space-- Einstein said that all of my
motion is through time. But look what happens if | walk toward that guy. We've exaggerated
it, but because I'm now in motion, he'll perceive my watch ticking slower. That's because
from his perspective, some of my previous motion through time is being diverted into my
motion through space. And it's not just my watch. If we really exaggerate the effect, he'd
perceive all my movement, my voice, everything about me slowing down. And now that I've
stopped moving, the passage of time on our watches once again agrees. This was Einstein's
key insight: that motion through space affects the passage of time. DAVID KAISER: It's
mind-blowing that you and I will not agree on measurements of time. Isn't time separate from
us, right? Why should my measurement of time depend on how | am moving, or how you're
moving? That doesn't make any sense. Time itself is running more slowly for the person
who's moving. That's amazing. No one before Einstein ever imagined that that sort of thing
would happen. That was uniquely Einstein. GREENE: So why don't we ever see this in
everyday life? Well, at the slow speeds we move here on Earth, motion's impact on time is so
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tiny we don't experience it. But the effect is real and can be measured. To do this, all you need
are a couple of atomic clocks and a jet airplane. And this experiment was carried out in 1971
when scientists flew an atomic clock around the world and then compared it to one on the
ground. As Einstein predicted, the two clocks no longer agreed. They differed by only a few
hundred billionths of a second, but that was very real proof of motion's effect on the passage
of time. PHILLIPS: Einstein's theory has been tested again and again and again. And it all
hangs together. It really forms the basis for the way we understand much of the way nature
works. These effects, which used to be considered sort of obscure and very small, are very in-
your-face with today's technology. GREENE: With the discovery of this unexpected link
between space and time, Einstein realized that the two could no longer be thought of as
separate things. Instead, space and time are fused together in what came to be called
"spacetime.” Einstein unified the idea of space with the idea of time into this four-dimensional
structure called "spacetime.” GREENE: And this fusion of space and time would lead
Einstein to perhaps the most mind-bending realization of all: The sharp difference we see
between past, present and future may only be an illusion. In our day-to-day lives, we
experience time as a continuous flow. But it can also be useful to think of time as a series of
snapshots or moments, and everything that happens can be thought of as the unfolding of
moment after moment after moment. And if we picture all moments, or snapshots, lined up--
every moment here on Earth, every moment of Earth orbiting the sun, and every moment
throughout the entire universe-- we would see every event that has ever happened or will ever
happen. Every location in space, and each and every moment in time, from the birth of our
universe at the Big Bang some 14 billion years ago to the formation of stars in the Milky Way
galaxy, to the creation of Earth 4 1/2 billion years ago, to the time of the dinosaurs, to events
happening on Earth today, like me working in my office. Thinking about spacetime like this
led Einstein to overturn our everyday picture of past, present and future. To get a feel for this,
you have to think about the seemingly simple concept of "now." For me, a list of things that |
consider to be happening right now might include the tick of noon on my office clock, my cat
just now jumping from the windowsill, things happening far away like a pigeon in Venice
taking flight at this very moment, a meteor just now hitting the moon... and the explosion of a
star at the far reaches of the universe. These and all other events that | think are happening at
the same moment in time, but in different regions of our universe, make up what I intuitively
think of as "now." You can picture them as lying on a single slice of spacetime. Let's call it a
"now slice."” Common sense would say that you and I and everyone else will agree on what's
happening, or what exists, right now, moment after moment after moment. That is, we would

(03)- zapadni jsou. A s timto piekvapivym vhledem by Einstein svrhl myslenku zdravého
rozumu, ze ¢as bézi pro vSechny stejné. Tady je to, co mam na mysli. Ten chlap tamhle by
ekl, Ze se vliibec nehybu. Ale ja jsem. Mozna se nepohybuji prostorem, ale pohybuji se
casem. O.K. Opé¢t se tu fyzik Greene blizi mym vizim o ¢ase. Chci fict, koneckoncti moje
hodinky stale tikaji a tikaji. A dokud budu stat na misté - to znamena, ze se nepohybuji
prostorem - Einstein fekl, Ze veskery milj pohyb probiha ¢asem. Ale podivej, co se stane, kdyz
k tomu chlapovi ptijdu. Pfehnali jsme to, ale protoze jsem ted’ v pohybu, bude vnimat, jak
moje hodinky tikaji pomaleji. Je to proto, Ze z jeho perspektivy je ¢ast mého piedchoziho
pohybu ¢asem odklonéna do mého pohybu prostorem. A nejsou to jen moje hodinky.
Kdybychom ten efekt opravdu prehnali, vnimal by veSkery mtij pohyb, miij hlas, v§echno
kolem toho, jak zpomaluji. A ted’, kdyZ jsem se ptestal hybat, plynuti ¢asu na nasich



hodinkach opét souhlasi. To byl Einsteintiv kliCovy poznatek: Ze pohyb prostorem ovliviiuje
plynuti ¢asu. DAVID KAISER: Je ohromujici, Ze se vy a ja neshodneme na méfeni casu. Neni
Cas oddéleny od nas, ze? Pro¢ by mé méteni tempa plynuti ¢asu mélo zaviset na tom, jak se
pohybuji ja nebo jak se pohybujete vy? Ano, jak se pohybuji v pokiiveném ¢asoprostoru,
respektive jak se pohybuje v pokiiveném ¢asoprostoru ,,muj objekt zajmu* s jeho ,,vlastni*
3+3D soustavou. Cim rychleji se pohybuje tim vice ,,on* pootaéi svou soustavu a pak kdyz ja
snimam z jeho soustavy ,,jeho* intervaly do své soustavy, tak tim pfirozené snimam
pootocené intervaly a vidim (ve své soustave) dilatace (nebo kontrakce) na objektu zajmu.
Proc¢ se objekt pootaci? No protoze leti (posouva se) po kiiveé trajektorii kiivého podlozi =
kiivého ¢asoprostoru...To nedava smysl. No, vim ne... Cas samotny b&i osobg, ktera se
pohybuje, pomaleji. To je uzasny. Nikdo ptfed Einsteinem si nikdy nepfedstavoval, ze se néco
takového stane. To byl jednozna¢né Einstein. GREENE: Tak pro¢ to nikdy nevidime v
kazdodennim Zivote? No, pti nizkych rychlostech, kterymi se zde na Zemi pohybujeme, je
vliv pohybu na ¢as tak nepatrny, ze ho nezazivame. O.K. zména tempa plynuti casu do
m je pro ¢loveka nepostiehnutelna, je to citlivost 8 adu...viz rychlost svétla :
Proto nam, tedy fyzikim nevadi kdyz si polozi t = t1 = t2 = t3 a prohlasi, Ze Cas je do vSech
smért stejny a tedys je zbytecny badat zda ma ¢i nema cas tfi dimenze.

CAS

Dnesni fyzikové stale vi >o ¢ase< madlo, j0-jo, mélo...malo (protoze nectou laiky).

20 let pisSu ,,0 ¢ase* jak ho vidim jinak, napf. heslovité:

= Cas neb&zi nam lidem, ale my lidé bézime ,,po ¢ase; b&zime (s celou zemé&kouli) =
posouvame se po ¢asové dimenzi (1épe fikat posouvame se po 3+3D) a tim ukrajujeme
intervaly ¢asové na dimenzi ¢asové i délkovych. Cas = veli¢ina=dimenze ,,stoji“, ale my
bézime po dimenzi.

= Cas* je veli€ina, fyzikalni vesmiro-tvorna veliCina, ktera ma také dimenze jako veli¢ina
,Délka* (prostor). Je to veli¢ina stoicka v mfiZce prostorocasu 3+3 dimenzi pifed BB jako stav
nekonecného plochého (nezakiiveného) Casoprostoru, v némz ¢as nebézi, rozpindni se
nekond, neni v ném jesté hmota-pole, mozna ani zdkony, (anebo jen dva *).

= Cas, ktery my lidé pozorujeme a vniméame (spolu s piirodou na Zemi) kolem sebe, ten
teprve bezi, tece, plyne vesmirem...az teprve tehdy, kdy se ¢asoprostorova miizka, predivo
3+3D zacne ,,rozbalovat®, od velkého tresku jsou stale jeste¢ vSechny dimenze kiivé a stale se
rozbaluji ; od velkého tfesku se péna dimenzi rozbaluje, nikoliv rozpina a to pak my v
lokalité = nasi galaxii, slunecni soustavé vnimame jako tok casu.

= Tempo plynuti ¢asu neni v celém vesmiru stejné, piestoze se od velkého tresku zakiiveny,
,»penovity* Casoprostor rozbaluje ( nerozpina se, ale se rozbaluje, Hubble je Spatné ), tak to
rozbalovani ¢asoprostoru, i dimenzi ¢asovych i1 dimenzi délkovych, neni rovnomérné, je podle
néjaké sestupné nelinedrni kiivky. V kazdé galaxii je tempo = plynuti ¢asu (odvijeni kiivosti
D casu) jiné. Toto vSe feCené plati pro ,,dnesni stop-stav Casoprostoru v dob¢ 13,8 miliard let
od VT...takze pozor.

= Dokonce tempo plynuti ¢asu se smérem >k pocatku<, k big-bangu vesmiru, méni vlivem
pfechodu kiivych dimenzi ,,v péné*“ do malo kiivé kiivky a...a v budoucnu opét do ,,pfimkové
zavislosti“. (1) Dnes je jiné, v€era je jiné, pted milionem let je jiné, pred miliardou let je jiné.
ICas je nejméné probadana ,,véc* fyziky i reality| —
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Ale ucinek je skute¢ny a lze jej méfit. K tomu potiebujete jen par atomovych hodin a tryskové
letadlo. A tento experiment byl proveden v roce 1971, kdy védci obletéli svét atomovymi
hodinami a poté je srovnali s atomovymi hodinami na zemi. Jak Einstein ptfedpovidal, dvé
hodiny jiz nesouhlasily. LiSily se pouze o nékolik set miliardtin sekundy, ale to byl velmi
realny ditkaz vlivu pohybu na plynuti ¢asu. PHILLIPS: Einsteinova teorie byla testovana
znovu a znovu a znovu. A vSechno to spolu souvisi. Skutecné tvoii zaklad pro zpusob, jakym
chapeme mnohé z toho, jak ptiroda funguje. Tyto efekty, které byly diive povaZzovany za
jakési nejasné a velmi malé, jsou s dnesni technologii zcela v souladu. GREENE: S objevem
tohoto necekaného spojeni mezi prostorem a ¢asem si Einstein uvédomil, Ze tyto dvé véci jiz
nelze povazovat za oddélené véci. Misto toho jsou prostor a ¢as spojeny dohromady v to, co
se zacalo nazyvat ,,Casoprostor*. Einstein sjednotil myslenku prostoru s myslenkou ¢asu do
této Ctyifrozmérné struktury zvané ,,Casoprostor”. GREENE: A toto splynuti prostoru a ¢asu by
vedlo Einsteina k mozna nejvice ohromujicimu poznéni ze vSech: Ostry rozdil, ktery vidime
mezi minulosti, pfitomnosti a budoucnosti, mize byt jen iluze. V nasem kazdodennim zivoté
zazivame Cas jako nepftetrzity tok. Ale mize byt také uzitecné uvazovat o ¢ase jako o sérii
momentek nebo okamziki a vse, co se dé&je, 1ze povazovat za odvijejici se okamzik za
okamzikem. A kdybychom si pfedstavili vSechny okamziky nebo snimky sefazené — kazdy
okamzik zde na Zemi, kazdy okamzik Zemé¢ obihajici kolem Slunce a kazdy okamzik v celém
vesmiru — vidéli bychom kazdou udalost, ktera se kdy stala nebo kdy stane. Kazdé misto ve
vesmiru a kazdy okamzik v €ase, od zrozeni naSeho vesmiru pfi velkém tiesku asi pred 14
miliardami let ptes vznik hvézd v galaxii. M1é¢na draha az po stvoteni Zemé 4 +1/2 miliardy
let pfed ¢asem dinosaurti, k udalostem, které se dnes d¢ji na Zemi, jako kdyz jsem pracoval ve
své kancelafi. Takovéto pfemysleni o Casoprostoru vedlo Einsteina k pievraceni naSeho
kazdodenniho obrazu minulosti, pfitomnosti a budoucnosti. Abyste to pochopili, musite
pfemyslet o zdanlivé jednoduchém konceptu ,,ted*’. Pro mé miiZe seznam véci, které se prave
ted’ d&ji, zahrnovat tikani poledne na hodinach v mé kancelafi, moje kocka prave skace z
okenniho parapetu, véci, které se d&ji daleko jako holub v Benatkach, ktery pravé v tuto chvili
leti, meteor, ktery pravé dopada na Mésic... a exploze hvézdy v dalekych kon¢inach vesmiru.
Tyto a vSechny dalsi udalosti, o kterych si myslim, Ze se d¢ji ve stejny okamzik v Case, ale v
riznych oblastech naSeho vesmiru, tvofi to, co intuitivné povazuji za ,,ted*. Mlzete si je
predstavit jako lezici na jediném vyseku Easoprostoru. Rikejme tomu ,,nyni platek. Zdravy
rozum by tekl, Ze vy, ja a vSichni ostatni se shodneme na tom, co se déje nebo co existuje,
prave ted’, okamzik za okamzikem. To znamend, Ze bychom
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(04)- all agree on what lies on a given "now slice.” But Einstein showed that, strangely,
when you take motion into account, this common-sense picture of time goes out the window.
To see what | mean, think of spacetime as a loaf of bread. Einstein realized that just as there
are different ways to cut a loaf of bread into individual slices, there are different ways to cut
spacetime into individual now slices. That is, because motion affects the passage of time,
someone who is moving will have a different conception of what's happening right now, and
so they'll cut the loaf into different now slices. Their slices will be at a different angle. That
person who's moving will... will tilt the knife, will be carving out these slices at a different
angle. They won't be parallel to my slices of time. To get a feel for the bizarre effect this can
have, imagine an alien, here, in a galaxy ten billion light-years from Earth. And way over
there on Earth, the guy at the gas station. Now, if the two are sitting still- not moving in
relation to one other- their clocks tick off time at the same rate and so they share the same
now slices, which cut straight across the loaf. But watch what happens if the alien hops on his
bike and rides directly away from Earth. Since motion slows the passage of time, their clocks
will no longer tick off time at the same rate. And if their clocks no longer agree, their now
slices will no longer agree either. The alien’'s now slice cuts through the loaf differently. It's
angled towards the past. GREENE: Since the alien is biking at a leisurely pace, his slice is
angled to the past by only a miniscule amount. But across ten billion light years, that tiny
angle results in a huge difference in time. So what the alien would find on his angled now
slice-- what he considers as happening right now on Earth-- no longer includes our friend at
the gas station or even 40 years earlier, when our friend was a baby. Amazingly, the alien's
now slice has swept back through 200 years of Earth history and now includes events that we
consider part of the distant past, like... (classical music) Beethoven finishing the fifth
symphony. KAISER: Even at a relatively slow speed, we can have actually tremendous
disagreements on our labeling of now, what happens at the same time, if we're spread out far
enough in space. And if that's not strange enough, the direction you move makes a difference,
too. Watch what happens when the alien turns around and bikes toward Earth. The alien's new
now slice is angled to toward the future, and so it includes events that won't happen on Earth
for 200 years, perhaps our friend's great-great-great granddaughter teleporting from Paris to
New York. Once we know that your now can be what | consider the past, or your now can be
what | consider the future, and your now is every bit as valid as my now, then we learn that
the past must be real. The future must be real. They could be your now. That means past,
present, future: all equally real. They all exist. SEAN CARROLL.: If you believe the laws of
physics, there's just as much reality to the future and the past as there is to the present
moment. The past is not gone, and the future isn't non-existent. The past, the future, and the
present are all existing in exactly the same way. Just as we think of all of space as being "out
there," we should think of all of time as being "out there," too. Everything that has ever
happened, or will happen. It all exists. GREENE: From Leonardo da Vinci laying the final
brushstroke on the Mona Lisa to the signing of the Declaration of Independence, to your first
day at school, to events that from our perspective are yet to happen, like the first humans
landing on Mars. With this bold insight, Einstein shattered one of the most basic concepts of
how we experience time. "The distinction between past, present, and future,” he once said, "is
only an illusion, however persistent.” But if every moment in time already exists, then how do
we explain the very real feeling that time, like this river, seems to endlessly rush forward?
Well, maybe we've been deceived, and time does not flow. Perhaps the river of time is more
like a frozen river with every moment forever locked in place. ALBERT: The most vivid
example about the way the world is has to do with this flow of time. Physics does radical



violence to this everyday experience of time. LEVIN: Our entire experience of time is
constantly in the present. And all we ever grasp is that instant moment. TEGMARK: There is
nothing in the laws of physics that picks out one now over any other now. And it's just from
our subjective viewpoints that it feels like things are changing. GREENE: Just the way an
entire movie exists on celluloid, all of time may already exist. The difference is that in the
movies, a projector lights up or selects each frame as it goes by. But in the laws of physics,

(04)- vsichni se shoduji na tom, co lezi na daném "nyni fezu." Ale Einstein ukazal, Ze
kupodivu, kdyz vezmete v ivahu pohyb, tento obycejny obraz ¢asu jde ven oknem. Abyste
pochopili, co tim myslim, piedstavte si ¢asoprostor jako bochnik chleba. Einstein si uvédomil,
ze stejn¢ jako existuji rizné zpusoby, jak nakrajet bochnik chleba na jednotlivé platky,
existuji rizné zpusoby, jak nakrajet Casoprostor na jednotlivé platky. To znamena, ze pohyb
ovliviiyje plynuti ¢asu, nékdo, kdo se pohybuje, bude mit jinou pfedstavu o tom, co se prave
ted’ dgje, a tak nakrdji bochnik na jiné platky. Jejich platky budou pod jinym thlem. Ta osoba,
ktera se pohybuje,... nakloni nliz, bude krajet tyto platky pod jinym uhlem. Nebudou paralelni
s mymi ¢astmi Casu. Abyste ziskali pocit, jaky bizarni efekt to mize mit, pfedstavte si
mimozemstana zde, v galaxii deset miliard svételnych let od Zemé. A tdmhle na Zemi ten
chlap na benzince. Nyni, kdyZ ti dva sedi nehybné — nepohybuji se ve vztahu k sobé& — jejich
hodiny odbijeji ¢as stejnou rychlosti, a tak nyni sdileji stejné platky, které kraji ptimo ptes
bochnik. Ale sledujte, co se stane, kdyZ mimozemst'an naskoci na kolo a odjede ptimo pry¢ ze
Zemé. Vzhledem k tomu, Ze pohyb zpomaluje plynuti ¢asu, jejich hodiny jiz nebudou odbijet
¢as stejnou rychlosti. Chyba. , to je ,,vyrobeny“ mechanizmus, ktery neméni tempo
plynuti, ale tempo méni rizné zakiiveném prostredi ¢p...A pokud jejich hodiny
piestanou souhlasit, nebudou souhlasit ani jejich soucasné platky. MimozemsStantv platek
nyni kraji bochnik jinak. Je naklonéna minulosti. GREENE: Vzhledem k tomu, Ze
mimozemstan jede na kole volnym tempem, jeho platek je natocen do minulosti jen nepatrné.
Ale na deseti miliardach svételnych let ma tento maly uhel za nasledek obrovsky rozdil v
case. TakZe to, co by mimozemst'an nasel na svém nyni Sikmém fezu — to, co se podle néj
déje prave ted’ na Zemi — uz nezahrnuje naseho pfitele na erpaci stanici nebo dokonce pied
40 lety, kdyz byl nas ptitel dité. Pfekvapivé se nyni platek mimozemst'ana ptehnal pies 200
let historie Zem¢ a nyni zahrnuje udélosti, které povazujeme za soucast vzdalené minulosti,
jako... (klasicka hudba) Beethoven dokoncuje patou symfonii. KAISER: I pii relativné nizké
rychlosti miizeme mit ve skute¢nosti obrovské neshody ohledné naseho oznac¢ovani nyni, co
se d&je ve stejnou dobu, pokud jsme rozmisténi dostatecné daleko ve vesmiru. A pokud to
neni dost divné, smér, kterym se pohybujete, také déla rozdil. Sledujte, co se stane, kdyz se
mimozemstan oto¢i a jede na kole smérem k Zemi. Mimozemst'anliv novy nyni fez je
nasmérovan do budoucnosti, a tak zahrnuje udalosti, které se na Zemi nestanou za 200 let,
mozna pra-pra-pravnucka naseho pfitele teleportujici se z Patize do New Yorku. Jakmile
vime, Ze vaSe ted’ mliZe byt to, co povazuji za minulost, nebo vase ted’ mlize byt to, co
povazuji za budoucnost, a vaSe ted’ je stejn¢ platné jako moje ted’, pak se dozvime, Ze
minulost musi byt skutecnd. Budoucnost musi byt skute¢na. Ted’ mohou byt vase. To
znamena minulost, pfitomnost, budoucnost: vse stejné skute¢né. VSechny existuji. SEAN
CARROLL: Pokud vétite fyzikalnim zdkonim, v budoucnosti a minulosti je prave tolik
reality jako v pfitomném okamziku. Minulost neni pry¢ a budoucnost neexistuje. Minulost,
budoucnost a pfitomnost vSechny existuji pfesn¢ stejnym zptisobem. Stejné jako si myslime,



ze cely prostor je ,,tam venku*, méli bychom myslet i na veskery ¢as jako ,,tam venku®. Vse,
co se kdy stalo, nebo stane. To vse existuje. GREENE: Od Leonarda da Vinciho polozenim
posledniho tahu Stétcem na Monu Lisu pies podepsani Deklarace nezavislosti, po vas prvni
den ve skole az po udalosti, které z naSeho pohledu teprve nastanou, jako naptiklad prvni
pristani lidi na Marsu. S timto odvaznym vhledem Einstein rozbil jeden z nejzakladnégjSich
konceptu toho, jak prozivame ¢as. Ja zas ,,rozbijim* vas koncept jinou vizi na ¢as. "Rozdil
mezi minulosti, ptitomnosti a budoucnosti," ekl jednou, "je pouze iluze, jakkoli trvala." Ale
pokud kazdy okamzik v ¢ase jiz existuje, jak potom vysvétlime ten velmi skuteny pocit, ze
Cas, jako tato feka, jako by se nekonecéné fitil vpred? No, mozna jsme byli oklamani a ¢as
neplyne. O.K. ¢as neplyne, ale my plyneme ,,po ném*, my se posouvame v kontinuu
caroprostoru po ¢asovych dimenzich .. Mozn4 je feka ¢asu spiSe zamrzla feka s kazdym
okamzikem navzdy uzaméenym na misté. ALBERT: Nejzivéjsi priklad toho, jak svét je,
souvisi s timto tokem Casu. Fyzika d¢la radikalni nasili na této kazdodenni zkuSenosti ¢asu.
LEVIN: Cela naSe zkuSenost s ¢asem je neustdle v pfitomnosti. A jediné, co kdy chapeme, je
ten okamzity okamzik. TEGMARK: Ve fyzikalnich zdkonech neni nic, co by
uptednostiiovalo jedno ted’ pied ostatnimi. A pravé z naseho subjektivniho pohledu mame
pocit, Ze se véci méni. Méni se predevsim v mikrosvéte (chemie, biologie)... GREENE:
Stejné jako cely film existuje na celuloidu, miZe jiz existovat veskery ¢as. Rozdil je v tom, Ze
ve filmech projektor sviti nebo vybird kazdy snimek tak, jak to jde. Ale ve fyzikdlnich
zakonech,

(05)- there is no evidence of something like a projector light that selects one moment over
another. Our brains may create this impression, but in reality, what we all experience as the
flow of time may be nothing more than an illusion. But if time, like this frozen river, does not
flow, and all of time is "out there," is it possible to travel to the future or the paste?
BOARDING ANNOUNCEMENT: Now departing for year 2060, Flight 24. GREENE: And
if we could time travel, would it be anything like what we all imagine? "Catapult you through
time into a world that has yet to be&" "The Time Travelers!" "Suppose something goes wrong
with the time machine again?" "Throw the switch, Jed!" "Could we go anywhere we want at
any time?" "We're going to attempt time travel." GREENE: No one outside Hollywood has
made a working time machine just yet. But surprisingly, time travel might be possible.
BOARDING ANNOUNCEMENT: Now boarding, flight 24 to Black Hole A Star. One way
to travel through time is to make use of a strange feature of gravity. The familiar force that
keeps our feet planted to the ground can have a profound impact on time. Hi. Hello. See you
later, sir. Right, much later. GREENE: So how can gravity be used to make a time machine?
Well Einstein's theories show that gravity, like motion, can affect time. It's as if gravity can
pull on time, slowing its passage. And the stronger the gravitational pull, the more time slows.
Here on Earth, the effect is too small to notice, but still very real. Compared to someone
living on the top floor of a skyscraper, someone living on the bottom experiences time
elapsing a little slower because gravity is just a tiny bit stronger closer to the ground. But if
you could travel to a black hole, the effect of gravity on time would be huge. Formed when
large stars collapse in on themselves, black holes have immense gravitational pull, millions
and even billions of times stronger than the Earth's. And if someone watched you travel close
to a black hole, they'd see time for you slow down dramatically. LEVIN: You near that black
hole will appear to your friend far away to be moving slowly, talking slowly, biologically
aging slowly. To them years are passing, while for you it might be minutes. GREENE: So



depending on the black hole's size and how close | get, if | spend an hour or two in orbit...
something like 50 years will have passed back on Earth. | will have traveled to Earth's future.
Hello, sir. Hi. Long time, no see. Time travel becomes you. Thank you. Kind of like a
fountain of youth. So when I return, I'll find myself in the future. Everyone else will have
aged 50 years, but me, I'll have aged only a couple of hours. Now, time travel to the future is
one thing. But what about time travel to the past? Well, that might be possible too, using
something predicted by Einstein's equations known as a wormhole. If wormholes exist, they
would be kind of like shortcuts through spacetime, tunnels that would link not just one place
with another, but also one moment with another. A wormhole would connect one part in
spacetime to another part in spacetime which is at an earlier time, like a sort of subway
system through time. So let's say | wanted to go back in time and meet myself at the
beginning of this program. If a wormhole connected here and there, all I'd need to do is step
through. Hey, good to see you again. Thanks, good to be back. Well, that would be kind of
weird, but the real problem with time travel to the past is that things would get pretty
confusing pretty quickly. | mean, imagine | were to change something about my past, like
preventing my parents from meeting. Would that mean 1'd never be born? If you do travel to
the past, you can't change things that we know are true about the past because they already
happened. So if you go back and kill who you thought was your grandpa, that must have been
some other guy you thought was your grandfather, and everything must somehow become
beautifully self-consistent, even if it's in a twisted way. GREENE: And if you can travel to the
past, why haven't we been overrun by tourists from the future? I mean, think about it. We
haven't seen any intrepid time travelers popping into and out of our world-- at least, most
people don't think we have-- so it's probably safe to assume that time travel to the past just
isn't possible, at least not yet. But since the math hasn't yet ruled it out, we can't dismiss time
travel to the past entirely. PHILLIPS: So it's not at all clear that it could ever be a practical
reality, but at least in principle, it doesn't seem to be forbidden. My guess is that it's

(05)- neexistuje zadny dikaz o nééem jako projektorové svétlo, které vybira jeden moment
pfed druhym. Na§ mozek mlzZe vytvofit tento dojem, ale ve skutecnosti to, co vSichni
zazivame jako tok ¢asu, nemusi byt nic jiného nez iluze. ??? Ale pokud cas, jako tato zamrzla
feka, neteCe a veskery Cas je ,,tam venku®, je moZzné cestovat do budoucnosti nebo pasty?
OZNAMENI{ O NALODE: Nyni odlétame v roce 2060, let 24. GREENE: A kdybychom
mohli cestovat ¢asem, bylo by to néco podobného, co si vSichni pfedstavujeme? "Katapult vas
casem do svéta, ktery jesté¢ nema byt &" "The Time Travelers!" "Co kdyby se zase néco
pokazilo se strojem ¢asu?" "Hod’ vypinac, Jede!" "MuzZeme jit kdykoli, kam chceme?"
"Zkusime cestovat casem." GREENE: Nikdo mimo Hollywood zatim nevytvofil stroj
pracovniho ¢asu. Ale piekvapivé je mozné cestovat ¢asem. OZNAMENI O NASTUPU: Nyni
nalodéni, let 24 do Black Hole A Star. Jednim ze zptsobd, jak cestovat ¢asem, je vyuzit
zvlastni gravitaci. Znama sila, ktera drzi nase nohy na zemi, miZe mit hluboky dopad na cas.
Ahoj. Ahoj. Uvidime se pozd¢ji, pane. Dobie, mnohem pozd¢ji. GREENE: Jak tedy lze vyuzit
gravitace k vytvofeni stroje ¢asu? Einsteinovy teorie ukazuji, zZe gravitace, stejn¢ jako pohyb,
muze ovlivnit ¢as. Jako by gravitace dokazala pfitdhnout ¢as a zpomalit jeho priichod. A ¢im
siln€jsi je gravitace, tim vice se €as zpomaluje. Bliz k zemi. D4l od zemé se zrychluje, ano??
Zde na Zemi je ucinek ptili§ maly na to, abychom si jej v§imli, a protom si fyzikoveé nevsimli
dodnes, ze 1 ¢as mize mit 3 dimenze

My view on the phenomenon, the quantity Time
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cey

ale stale velmi realny. Ve srovnani s nékym, kdo zije v hornim patie mrakodrapu, nékdo zijici
na dné zaziva, ze Cas plyne o néco pomaleji, protoze gravitace je jen o néco silnéjsi blize k
zemi. Ale pokud byste mohli cestovat k ¢erné dite, vliv gravitace na ¢as by byl obrovsky.
Cerné diry, které vznikaji, kdyZ se velké hvézdy zhrouti samy do sebe, maji nesmirnou
gravitacni silu, miliony a dokonce miliardykrat siln¢jsi nez zemska. A kdyby vas nékdo
sledoval, jak cestujete blizko ¢erné diry, vidél by, Ze se pro vas ¢as dramaticky zpomali.
LEVIN: Vy blizko té ¢erné diry se svému ptiteli budete zdat daleko, ze se pohybujete pomalu,
mluvite pomalu, biologicky pomalu starnete. Pro né€ roky plynou, zatimco pro vas to mohou
byt minuty. GREENE: Takze v zavislosti na velikosti ¢erné diry a na tom, jak blizko se
dostanu, kdyZ stravim hodinu nebo dv¢ na obézné draze... na Zemi uplyne néco kolem 50 let.
Budu cestovat do budoucnosti Zemé¢. Dobry den pane. Ahoj. Dlouho jsme se nevidéli.
Cestovani Casem se stanete vami. DEkuji. Néco jako fontdna mladi. TakZe aZ se vratim, najdu
se v budoucnosti. VSichni ostatni zestarnou o 50 let, ale j4, ja zestarnu jen o par hodin.
Nesmysl... Cestovani ¢asem do budoucnosti je jedna véc. Ale co cestovani ¢asem do
minulosti? No, to by mohlo byt také mozné, s pouzitim néceho, co predpoveédély Einsteinovy
rovnice znamé jako Cervi dira. Pokud Cervi diry existuji, byly by néco jako zkratky pies
Casoprostor, tunely, které by spojovaly nejen jedno misto s druhym, ale také jeden okamzik s
druhym. Cervi dira by spojila jednu &ast Gasoprostoru s jinou &asti &asoprostoru, ktera je v

ze jsem se chtél vratit v ¢ase a setkat se na zacatku tohoto programu. Kdyby se sem a tam
pfipojila €ervi dira, stacilo by mi projit skrz. Ahoj, rad t¢ zase vidim. Diky, rad jsem zpatky.
No, to by bylo trochu divné, ale skutecnym problémem cestovani ¢asem do minulosti je to, Ze
by se véci docela rychle zamotaly. Chci fict, pfedstavte si, Ze bych mél néco zménit na své
minulosti, napiiklad zabranit svym rodic¢iim setkat se. Znamena to, Ze se nikdy nenarodim?
Pokud cestujete do minulosti, nemiizete zménit véci, o kterych vime, Ze jsou pravdivé o
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minulosti, protoze se jiz staly. Takze pokud se vratite a zabijete toho, o kom jste si mysleli, ze
je vas dédecek, musel to byt n¢jaky jiny chlap, o kterém jste si mysleli, Ze je vas dédecek, a
vSechno se musi néjak stat krasné sebevédomym, i kdyz je to ptekroucené. GREENE: A kdyz
muzete cestovat do minulosti, pro¢ nas neptepadli turisté z budoucnosti? Premyslejte o tom.
Nevid¢li jsme zadné neohrozené cestovatele v ¢ase, kteti se vynotfovali do naseho svéta a zase
z n¢j vychazeli — alespon si to vétSina lidi mysli, ze ano — takze je pravdépodobné bezpecné
predpokladat, ze cestovani casem do minulosti prosté neni mozné. Alespon zatim ne. Ale
protoze to matematika jesté nevyloucila, chybnd matematika nemtzeme cestovani ¢asem do
minulosti Upln€ zavrhnout. PHILLIPS: Neni tedy viibec jasné, Ze by to nékdy mohla byt
prakticka realita, ale alespon v zasadé se nezda, ze by to bylo zakédzané. M1j odhad je, Ze ano

(06)- impossible, but it's striking that we still haven't been able to rigorously prove that.
GREENE: While it seems likely that traveling to the past is out of reach, what about the fact,
S0 common to our everyday experience, that time itself seems to move in only one direction...
toward the future? We call this the arrow of time. CARROLL.: The arrow of time is probably
the most blatant fact about the universe we live in that we don't completely understand. Why
we live in a universe that has a directionality to time is a mystery. JOSEPH LYKKEN: This is
not true of space. In space, | can go from New York to Chicago and then | can change my
mind and go from Chicago to New York. So there is a one-way aspect to time that we don't
understand at a fundamental level. PHILLIPS: Why doesn't it go backwards? What does it
even mean that time goes forward from the past into the future? GREENE: So what can we
say about where the arrow of time comes from? Why do we only see events unfold in one
direction? Why don't we ever see them happen in reverse order? Well, it must be the laws of
physics. | mean, surely they don't allow something like this to happen. Well, actually they do.
The laws of physics are the mathematical equations we use to describe everything from the
behavior of atoms to the swirl of galaxies. They've been devised and confirmed through
centuries of observation and experiment. But surprisingly, there's nothing in the laws of
physics that says events have to unfold through the familiar sequence we call "forward in
time." According to these equations, events could just as well unfold in reverse order.
GATES: Most of the equations we use to describe what we see in the universe around us don't
have an arrow of time attached to them. They're equations that work equally well moving
forward in time or moving backwards in time. There's this contradiction between the physics,
which seems fundamentally reversible, and so much of our life that seems irreversible.
GREENE: Though it flies in the face of everyday experience, the laws of physics actually say
bizarre things like these are possible. But how could this be? Well, the answer is not as far-
fetched as you might think. Here's why. We all know what will happen if | drop this glass of
wine. Now, the idea that this mess could somehow reverse itself and form back into a solid
glass filled with wine seems absurd. But according to the laws of physics, this can happen. All
| need to do is reverse the velocities of everything. Every piece of glass, every drop of wine,
every molecule and atom in the liquid, glass, table and air. Just reverse all their velocities
and... voila! So if the laws of physics don't care about whether glasses shatter or unshatter,
why don't we ever see them unshatter? How can we square the laws of physics with our
everyday experience? Something must be missing in our understanding. But what? What's
responsible for the arrow of time? (wolf howling) Like many good mysteries, this one leads
us to a graveyard in our search for clues. In Vienna, near the final resting places of
Beethoven, Brahms, Schubert and Strauss, is 19th-century Austrian physicist Ludwig



Boltzmann's tombstone. Etched on top is an elegant equation: S=klogW. It's the mathematical
formulation of a powerful concept known as entropy. Entropy is a measure of something that
we're all familiar with: disorder, or randomness. And it's an important idea because there's a
tendency of everything in the universe to move from order to disorder. Here's a way to get a
feel for the idea. Take my book. All 569 pages of it. It's very ordered, with the first page
followed by the second, followed by the third and so on. But now let's tear the pages out and
let entropy go to work. As you can see, the pages become very disordered. And the reason is
simple: There is only one way for them to land in order, but a huge number of ways for them
to land out of order, and so it's much more likely that they'll land in a total mess. And this is
what we experience in our daily lives: things move from order to disorder. In this case, from a
neat, ordered book to pages that are randomly scattered. Everywhere we look, we see
examples of entropy, or disorder, increasing with the passage of time. An egg breaks and
splatters. Ice cubes lose their orderly shape as they melt into water. Billowing smoke becomes
increasingly disordered. GATES: Ordered states become disordered states, and that appears to
be, perhaps, the direction of an arrow of time. We see sort of degrees of messiness. A measure
of disorder tends to increase in one direction of time. And so that, for Boltzmann, begins to
create an arc of time. GREENE: So maybe this is the answer. Maybe the arrow of time comes
from the tendency of nature to evolve toward ever greater disorder. This sure seems like

(06)- nemozné, ale je zarazejici, ze jsme to stale nebyli schopni dusledné dokazat. GREENE:
[ kdyz se zda pravdépodobné, ze cestovani do minulosti je nedosaZitelné, co skutecnost, tak
béZna pro nasi kazdodenni zkuSenost, Ze se zd4, ze se Cas sam pohybuje pouze jednim
smérem ... smérem k budoucnosti? Rikame tomu §ip ¢asu. CARROLL: Sipka ¢asu je
pravdépodobné tim nejkiiklavéjsim faktem o vesmiru, ve kterém zijeme, kterému uplné
nerozumime. Protoze se vesmir nerozpina ale se rozbaluje http://www.hypothesis-of-
universe.com/docs/c/c_032.gif Pro¢ Zijeme ve vesmiru, ktery ma smér k ¢asu, je zahadou.
JOSEPH LYKKEN: To neplati o vesmiru. Ve vesmiru mizu jit z New Yorku do Chicaga a
pak si to rozmyslim a jedu z Chicaga do New Yorku. Existuje tedy jednosmérny aspekt Casu,
kterému na zakladni Grovni nerozumime. PHILLIPS: Pro¢ to nejde pozpatku? Co to vlibec
znamena, Ze Cas jde kuptfedu z minulosti do budoucnosti? Rozbaluje se kiivost casovych
dimenzi. Sbalovani ¢asovych dimenzi se déje v mikrosvéteé na planckovskych skalach kde si
vesmir vyrabi hmotu, elementarni ¢astie. GREENE: Co tedy miiZeme fici o tom, odkud
pochazi §ip ¢asu? Pro¢ vidime vyvoj udalosti pouze jednim smérem? V makrosvéte ano,

v mikrosvéte panuje pilzace ,,tam 1 zpét™...Pro€ je nikdy nevidime v opacném potadi? Protoze
jste je jesté nehledali... No, to musi byt fyzikalni zakony. Chci fict, urcité nedovoli, aby se
néco takového stalo. No, vlastné maji. Fyzikalni zdkony jsou matematické rovnice, které
pouzivame k popisu vSeho, od chovani atomil po vifeni galaxii. Byly vymysleny a potvrzeny
staletimi pozorovani a experimentii. Ale prekvapiveé neni ve fyzikalnich zdkonech nic, co by
tikalo, ze udalosti se musi odvijet prostfednictvim znamé sekvence, kterou nazyvame ,,vpted
v Case“. Podle téchto rovnic by se uddlosti mohly stejn¢ dobte vyvijet v opacném potadi.
GATES: Vétsina rovnic, které pouzivame k popisu toho, co vidime ve vesmiru kolem nas, k
nim neni pfipojena Sipka ¢asu. Jsou to rovnice, které funguji stejné dobte pti pohybu vpied v
Case 1 pii pohybu v ¢ase zpét. Je tu tento rozpor mezi fyzikou, ktera se zda byt v zasadé
vratna, a tak velkou ¢asti naSeho zivota, kterd se zda byt nevratnd. GREENE: Ackoli to leti
tvafi v tvar kazdodenni zkuSenosti, fyzikalni zdkony ve skutecnosti fikaji, ze takové bizarni
véci jsou mozné. Ale jak by to mohlo byt? No, odpoveéd’ neni tak pfitaZzena za vlasy, jak si



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

mozné myslite. Zde je diivod. VSichni vime, co se stane, kdyz upustim tuhle sklenku vina.
Myslenka, Ze by se tento nepoiadek mohl néjak zvratit a zformovat se zpét do pevné sklenice
naplnéné vinem, se zda absurdni. Ale podle fyzikdlnich zdkont se to stat miize. Ve, co
musim udélat, je obratit rychlosti vSeho. Kazdy kousek skla, kazda kapka vina, kazda
molekula a atom v kapaling, skle, stole a vzduchu. Staci obratit vSechny jejich rychlosti a...
voila! Pokud se tedy fyzikalni zdkony nestaraji o to, zda se bryle rozbiji nebo neroztfisti, pro¢
je nikdy nevidime nerozbité? Jak mizeme sladit fyzikalni zdkony s nasi kazdodenni
zkuSenosti? H\Iéco v naSem chapani musi chybét. Ale CO?‘ Cist HDV vim chybi. Co je
zodpoveédné za Sip Casu? (vI¢i vyti) Jako mnoho dobrych zahad, 1 tato nas pfi hledani stop
vede na hibitov. Ve Vidni, pobliz mist posledniho odpocinku Beethovena, Brahmse,
Schuberta a Strausse, je nahrobek rakouského fyzika Ludwiga Boltzmanna z 19. stoleti.
Nahofe je vyleptana elegantni rovnice: S=klogW.

My thoughts on entropy
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Je to matematické formulace mocného konceptu zndmého jako entropie. Entropie je méfitkem
néceho, co vSichni zname: neuspotfadanosti nebo nahodnosti. A je to dilleZita myslenka,
protoZe vSechno ve vesmiru mé tendenci se pohybovat od fadu k nepotadku. Zde je zpiisob,
jak tuto myslenku pocitit. Vezmi si mou knihu. VSech 569 stran z toho. Je to velmi
uspotadané, po prvni strance nasleduje druhd, po ni tieti a tak dale. Ale ted’ vytrhnéme
stranky a nechme pracovat entropii. Jak vidite, stranky jsou velmi neuspofadané. A divod je
jednoduchy: Existuje pouze jeden zpusob, jak piistat v potadku, ale existuje obrovské
totalnim nepotadku. A to je to, co zazivdme v nasem kazdodennim Zivoté: véci se pohybuji od
fadu k nepotadku. V tomto ptipadé€ od tthledné, uspotadané knihy po stranky, které jsou
nahodné rozhazené. VSude, kam se podivame, vidime ptiklady entropie nebo
neusporadanosti, kterd s postupem casu nartistd. Vajicko se rozbije a rozstiikne. Kostky ledu
ztraceji svilj usporadany tvar, kdyz taji do vody. Valici se kouf se stava stale
neusporadangj§im. BRANY: Z uspofadanych stavi se stavaji stavy neusporadané a zda se, ze
to je mozna smeér Sipky Casu. Vidime urcité stupné nepotfadku. Mira nepotadku ma tendenci
narustat v jednom sméru ¢asu. A tak to pro Boltzmanna zac¢ina vytvaret oblouk ¢asu.
GREENE: Tak tohle je odpoveéd:. , Ze 8ip Casu pochézi z tendence piirody
vyvijet se ke stale vétSimu nepotadku. Tohle urcité vypada

(07)- progress, but there's just one small problem with this reasoning: because the laws of
physics don't distinguish between the future and the past, entropy should increase not only
toward the future but also toward the past. And that makes no sense. KAISER: That's like
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saying that entropy should increase in either direction that we look. We could look backwards
in time and it should increase, we could look forwards in time and it should increase.
GREENE: That would mean the pages of my book in the past would be disordered and then
come together to form the neat, ordered book in my hands. And when's the last time you saw
something like that happen? How could our everyday experience be so at odds with the laws
of physics? There must be a piece of the puzzle that's missing. If we're sure the past had to be
more ordered and that everything tends toward disorder as the equations of entropy tell us, is
there something else besides the laws of physics that might explain this? Well, think of hitting
a baseball. The laws of physics can help you predict where it will land. But those laws are not
the only things you need. Run the film backward and you can see that you also need the initial
conditions, like how hard the ball was hit. Similarly, if the laws of physics can't give us an
explanation for the arrow of time, maybe we need to look further to the initial conditions of
the universe. That brings our attention back to the Big Bang. If the history of the universe
were like a movie and you ran it backwards, you'd see an increase in order the further back in
time you go. Gradually, today's universe, with billions of galaxies clumped here and there,
would turn back into clouds of gas and dust as everything contracts. CARROLL.: So these
clouds of gas and dust move closer and closer to each other so that if you get far enough into
the past, they're squeezed into a smaller and smaller volume. We have now come to the place
where the buck finally stops. If this represents all of space at each moment of time, then we
can see there simply isn't any more space and time before this single moment. So the ultimate
source of order, of low entropy, must be the very beginning of the universe: the Big Bang.
GATES: The Big Bang is a highly ordered state. It's probably the most ordered event in all of
physics. And so, everything that has come after that has been an increase in disorder.
KAISER: What the Big Bang gives us is a reason why the universe might look different when
we look backwards in time versus forward. Moreover, when we go back to early times, the
universe should have looked not just different from today but highly ordered. CARROLL.:
Why was the entropy low? We don't know. But at least we know that there was a point that
the universe began in when the entropy was low. GREENE: So our best understanding is that
the Big Bang is what set the arrow of time on its path. You can picture this as something like
a wind-up clock. Just as the stored energy of a tightly wound clock is released as it unwinds,
the universe has been unwinding since the Big Bang, becoming ever more disordered.
TEGMARK: Our universe started out in a very unusually orderly state, and that's ultimately
responsible for the fact that time seems to have a direction. GREENE: We don't yet know
why our universe began in a highly ordered state, but the fact that it did means that every time
a glass shatters, it's actually carrying forward something set in motion billions of years ago.
The glass breaks but doesn't unbreak because it's following the natural drive from order to
disorder that began with the Big Bang. CARROLL: We only ever move from the past to the
future. And everything we see around us, all the changes, from the formation of stars to our
lives, is all little epiphenomena, surfers riding the wave of increasing disorganization in the
universe that defines the difference between the past and the future. So the Big Bang may
have stamped the arrow of time on our universe, and everything that has happened since may
simply be the drive toward ever greater disorder that began with that event 13.7 billion years
ago. But if time had a beginning and disorder is always increasing, does that mean that time
will have an end? What will the universe be like in the far, far future? Recent discoveries are
shedding new light on this question. The explosive force of the Big Bang sent space hurtling
outward. And as a result, the universe is still expanding today. Until recently, most people
thought that expansion must be slowing down. That is, we thought of space, filled with



galaxies, as kind of like a car traveling down a highway. RADIO ANNOUNCER: You're
listening to WUNI, the stellar sounds of the cosmos. GREENE: If the driver takes his foot off

(07)- pokrok, ale tato tvaha ma jen jeden maly problém: protoze fyzikalni zakony nerozliSuji
mezi budoucnosti a minulosti, entropie by se méla zvySovat nejen smérem k budoucnosti, ale
také smérem k minulosti. A to nedava smysl.
http://www.hypothesis-of-universe.com/docs/c/c_310.jpg dvé€ zapisové techniky — Feynman

Ukazky transformace z jedné zapisové techniky do jiné zapisove techniky
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KAISER: To je jako fikat, Ze entropie by se méla zvySovat v obou smérech, kam se divame.
Mohli bychom se v ¢ase divat zpét a mélo by se to zvySovat, v ¢ase bychom se mohli divat
doptedu a mélo by se to zvySovat. GREENE: To by znamenalo, Ze stranky mé knihy v
minulosti by byly neusporadané a pak by se spojily a vytvotily tthlednou, uspotddanou knihu
v mych rukou. A kdy jste naposledy vidéli, Ze se néco takového stalo? Jak mohla byt nase
kazdodenni zkuSenost tak v rozporu s fyzikalnimi zakony? Musi tam byt kousek skladacky,
ktery chybi. Pokud jsme si jisti, Ze minulost musela byt uspotadanéjsi a Ze vSe smétuje k
neusporadanosti, jak nam fikaji rovnice entropie, existuje jesté néco jiného nez fyzikalni
zakony, které by to mohly vysvétlit? http://www.hypothesis-of-
universe.com/docs/aa/aa_227.pdf (!) No, predstavte si uder baseballovym mickem. Fyzikalni
zakony vam mohou pomoci piedpovedét, kde pfistane. Ale tyto zdkony nejsou to jeding, co
potiebujete. Spust’te film pozpatku a uvidite, ze potiebujete také pocatecni podminky,
napiiklad jak siln¢ byl mi¢ zasaZen. Podobné, pokud ndm fyzikalni zdkony nedokaZzou
vysvétlit Sipku ¢asu, mozné se budeme muset podivat dale na pocate¢ni podminky vesmiru.
To ptivadi nasi pozornost zpét k Velkému tfesku. Pokud by historie vesmiru byla jako film a
bézeli byste ji pozpatku, vidéli byste nardst potadi, ¢im dale zpét v ¢ase. Postupné by se
dnes$ni vesmir s miliardami galaxii shluknutymi sem a tam proménil zpét v oblaka plynu a
prachu, jak se vSechno smrStuje. CARROLL: TakZe tato oblaka plynu a prachu se k sobé&
priblizuji a piiblizuji, takZe kdyZ se dostanete dostatecné daleko do minulosti, jsou stlaceny do
mensiho a mensiho objemu. Nyni jsme dosli k mistu, kde se dolar koneéné zastavi. Pokud
toto predstavuje veskery prostor v kazdém casovém okamziku, pak mizeme vidét, ze pied
timto jedinym okamzZikem uz prosté neni zadny prostor a Cas. (*) TakZe koneénym zdrojem
fadu, nizké entropie, musi byt samotny pocatek vesmiru: Velky tfesk. GATES: Velky ttesk je
vysoce uspotradany stav. Je to pravdépodobné nejvice organizovana udalost v celé fyzice. A
tak vSechno, co pfislo potom, byl nartst nepofadku. KAISER: Velky tfesk nam déava divod,
pro¢ vesmir miize vypadat jinak, kdyz se divaime zpét v Case a vpted. Navic, kdyZz se vratime
do ranych ¢ast, vesmir by mél vypadat nejen jinak nez dnes, ale mél byt vysoce uspofadany.
(1) CARROLL: Pro¢ byla entropie nizka? Nevime. Ale alespon vime, Ze existoval bod, ve
kterém vesmir zacal, Chybna ivaha. Vesmir nezacas v singularité, vesmir ne, ale zacalo
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v singularité (big-bang) odvijeni — rozbalovani kiivych dimenzi, coz znamena spusténi toku —
plynuti ¢asu a rozbalovavani prostoru. Souéasné s rozbalovanim dimeni se déje tsbalovani*
dimenzi v prostiedi plazmatu ( viici vakuum ), ¢imz se rodi bali¢ky, jenz budou representanty
elementarnich ¢astic.
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kdyz byla entropie nizka. GREENE: Takze nejlépe chapeme, ze Velky tiesk je tim, co
nastavilo $ip ¢asu na jeho cestu. Mizete si to predstavit jako néco jako natahovaci hodiny.
Stejné jako se nahromadéna energie pevné vinutych hodin uvolniuje pfi odvijeni, vesmir se
odviji od velkého tiesku a stava se stale neusporadanéjsim. (*) TEGMARK: Nas vesmir zacal
ve velmi neobvykle uspotadaném stavu, Ano, péna dimenzi (viici vakuum ), plazma, to je
stav velmi uspofadany a to je nakonec zodpovédné za skutecnost, ze se zda, ze Cas ma smeér.
GREENE: Zatim nevime, pro¢ na$ vesmir zacal ve vysoce uspotadaném stavu, ale skutecnost,
ze se tak stalo, znamena, Ze pokazdé, kdyz se sklo rozbije, ve skutecnosti prenasi néco, co se
dalo do pohybu pied miliardami let. Sklo se rozbije, ale nerozbije se, protoze nasleduje
pfirozeny posun od fadu k nepotadku, ktery zacal Velkym tfeskem.

Big-bang = skokova zména stavu ze stavu Pré-big-bangu @ big-bangu, a do p@ big-bangu
tak jak ja popisuji a vysvétluji vznik ,,tohoto* naseho vesmiru s hmotou, ¢ili ze stavu Vesmiru
pred Tieskem, kdy existoval stav ¢asoprostoru bez hmoty...byl plochy, nekiivy. K¥iveni
dimenzi po velkém tiesku v prostiedi plazmy do ptesnych balicki je pak PRINCIPEM stavby
hmoty a fyzikalnich poli a...a dokonce spolu s PRINCIPEM sttidani symetrii s asymetriemi je
spolu ,,genetickym vesmirem®, vnémz bézi ¢as, rozbaluji se dimenze, a dokonce musi vznikat
zakony, nové a nové, co je mizeme sefadit do posloupnosti seznamu zakonti, pravidel a
,povinnych systémi“. Jako véc se zhrouti - shali dovniti a znovu se néjakym zptisobem
rozviti ven. Jinymi slovy znova : nekoneény plochy 3+3D ¢Easoprostor (pied bog-bangem =
pted $vihnutim - tfesknutim), bez hmoty, bez plynuti ¢asu, bez rozpinani, bez zdkont, se
,»zhrouti* tim ,,$vihem* (big-bang) stylem ,,zktiveni dimenzi“ do ,,kone¢né lokality* ((

v nekone¢ném dvouveli¢inovém Casoprostoru koneéna lokalita vicedimenzionalni)) a od
tohoto stavu nastava nova geneze Vesmiru uz s hmotou, s tokem-plynutim casu,

s rozbalovavanim prostoru, interakcemi elementi hmoty, atd. Pozor, opravim se : Ta
kone¢na lokalita kiivych dimenzi (na§ Vesmir...co zacal tou pseudo-singularitou), pak po
vzniku plave stale v tom pivodnim plochém nekone¢ném 3+3D ¢asoprostoru, ptuvodni
Vesmir nezemiel, nezanikl. Pted-big-bangovy vesmir, onen stav plochého 3+3D
casoprostoru, je stale vSude, je tu ,,mezi ndmi* a je tu zakladnim rastrem, pfedivem, miizkou,
siti nekiivych dimenzi 3+3, v niZ plavou lokality s kiivymi dimenzemi. ( tj. elementarni
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Castice, interakce, az ke slozité DNA, plavou v ném , kiivé“ galaxie, hvézdy, vSechna 4 pole ).
Atd.

CARROLL: Vzdy se pohybujeme pouze z minulosti do budoucnosti. A vSe, co kolem sebe
vidime, vS§echny zmény, od vzniku hvézd az po nasSe Zivoty, jsou jen malé epifenomeny,
surfafi jedouci na viné rostouci dezorganizace ve vesmiru, ktera definuje rozdil mezi
minulosti a budoucnosti. Velky tfesk tedy mozné vtiskl $ip ¢asu do naseho vesmiru a vse, co
se od té doby stalo, mize byt jednoduse cestou ke stale vétsimu nepotradku, ktery zacal touto
udalosti pied 13,7 miliardami let. Ale pokud ¢as m¢l zacatek cas nemél zacatek ale po big-
bangu byl zahajen toku — plynuti ¢asu a nepofadek se neustale zvySuje, znamena to, ze ¢as
bude mit konec? Po dosazeni rozbaleni vSech kiivosti 3+3D ¢asoprostoru (a kiivosti dimenzi
ve hmot€) nastane opét plochy nekfivy euklidovsky nekonecny ¢asoprostor, pfipraveny pro
big-bang ¢. 2 Jaky bude vesmir v daleké, daleké budoucnosti? Nedavné objevy vrhaji nové
svétlo na tuto otazku. Vybusna sila velkého tfesku vyslala vesmir fitici se ven. A diky tomu se
vesmir rozpina rozbaluje http://www.hypothesis-of-universe.com/docs/c/c_032.qif dodnes.
Az donedavna si vétSina lidi myslela, Ze expanze se musi zpomalovat. To znamen4, Ze jsme si
predstavovali vesmir plny galaxii jako néco jako auto jedouci po dalnici. HLASATEL Z
ROZHLASU: Poslouchate WUNI, hvézdné zvuky vesmiru. ZELENA: Pokud fidi¢ sund4
nohu

(08)- the gas, the car gradually slows down. Similarly, we thought the universe was
expanding, but at a slower and slower rate. But surprisingly, astronomers found the expansion
of the universe is not slowing down. It's accelerating. It's as if someone's not taking their foot
off the gas pedal, but stepping on it, causing a turbo booster to kick in. And that's making the
expansion of the universe speed up more and more. KAISER: Our expansion will keep
accelerating in the future, not slow down. It goes against everything we had kind of gotten
used to thinking about. GREENE: This has some very strange implications for the future.
Because the expansion of our universe is accelerating, in the far future, after 100 billion years
or so, all of the other distant galaxies will have hurtled out of sight from us. It will appear as if
our galaxy were in the middle of nothing. A surprising outcome is that our descendants will
be at a terrible loss. Light from distant galaxies has to travel so far to reach us that when we
look out at them, we're actually looking back in time. So in the far future, when those distant
galaxies are no longer visible, astronomers will find that the past, in cosmic terms, is out of
reach. And as for the end of time, one theory suggests that eventually, black holes will
dominate the cosmos. Then, they too will evaporate, leaving nothing but random particles
drifting through space. LEVIN: In a far distant future where everything has decayed and
everything's just sort of smoothed out, there's no change. And without change, we don't really
have a clear notion of the passage of time. If you don't have events happening, then it's hard to
see how you would even imagine that there was time. You can't even tell which direction of
time is forward and which is backward. In a very real sense, time itself will one day lose its
meaning. GREENE: About 350 years ago, Isaac Newton, who was one of the first to think
about time scientifically, wrote that he did not need to define time because it is something
"well-known to all." But in trying to square our experience of time with the true nature of
time, we've been forced to challenge some of our most deeply held beliefs. We now know that
in every event that goes from order to disorder, there's a link to the Big Bang itself, giving us
the arrow of time. The common-sense notion that one true time governs the universe has
given way to a picture in which time is different for each and every one of us. And the flow of
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time, which seems to us as real as the flow of a river, may be nothing more than an illusion.
Past, present and future may all exist on equal footing. Our everyday experience of time will
always exert a powerful influence. We will continue to imagine that time is universal, that the
past is gone, that the future is yet to be. But because of our scientific discoveries, we can also
look beyond experience

51:49

and recognize that we are part of a far richer and far stranger reality.

(08)- plyn, auto postupné zpomaluje. Podobné jsme si mysleli, Ze se vesmir rozpina, ale stale
pomaleji. Astronomové vsak piekvapivé zjistili, Ze rozpinani vesmiru se nezpomaluje.
Zrychluje se. Omyl. Parabola na rovném nektivém papite, rovné ploSe by piedstavovala
>zpomalené a zpomalujici se< rozpinani, ale...ale parabola na kiivém papifte, napt. valcovém
papife (nebo ten kuZel co se rozbaluje) se bude pozemskym fyzikiim jevit jako ,,zrychlené
rozpinani®... Je to, jako by nékdo nesundal nohu z plynového pedalu, ale seslapl ho, coz
zpusobilo nastartovani turboposilovace. A to zptisobuje, Ze se rozpinani vesmiru stale vice
zrychluje. KAISER: NaSe expanze se bude v budoucnu neustale zrychlovat, nikoli
zpomalovat. Je to proti v§emu, na co jsme si zvykli myslet. GREENE: To ma velmi zvlastni
disledky pro budoucnost. Protoze expanze naseho vesmiru se zrychluje, v daleké
budoucnosti, po zhruba 100 miliardach let, vS§echny ostatni vzdalené galaxie zmizi z naSeho
dohledu. Bude to vypadat, jako by naSe galaxie byla uprosted niceho. Pfekvapivym
vysledkem je, Ze nasi potomci budou v hrozné ztraté. Svétlo ze vzdalenych galaxii musi
cestovat tak daleko, aby se k ndm dostalo, ze kdyZ se na n¢ podivame, vlastn€ se divame zpé&t
v Case. Takze v daleké budoucnosti, az tyto vzdalené galaxie jiz nebudou viditelné,
astronomov¢ zjisti, ze minulost, z kosmického hlediska, je mimo dosah. A pokud jde o konec
Casu, jedna teorie naznacuje, ze nakonec Cerné diry ovladnou vesmir. Basnici v komunité
kosmologii nevymizeli © Pak se také vypafi a nezbude nic jiného nez nahodné ¢astice
unasené prostorem. LEVIN: V daleké budoucnosti, kde se vSechno zhroutilo a vSechno se jen
\tak néjak uhladilo, nedojde k Zadné zméné. A beze zmény vlastné nemame jasnou predstavu o
plynuti ¢asu. O Case védci nevi skoro nic.
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Pokud se nedéji zadné udalosti, pak je tézké vidét, jak byste si vitbec predstavovali, ze byl
Cas. Neda se ani rozeznat, ktery smér ¢asu jde dopiedu a ktery dozadu. Ve velmi redlném
smyslu ¢as sam o sob¢ jednoho dne ztrati sviij vyznam. Nikdy neztrati c¢as svij vyznam. Tok
— plynti ¢asu sice bude proménlivé a bude hrat roli jinou v makrovesmiru nez mikrovesmiru,
ale dokud bude ¢p poktiveny, bude i role ¢asu v malo kiivém Cp jind nez v hodné kiivém Cp.
GREENE: Asi pred 350 lety Isaac Newton, ktery jako jeden z prvnich uvazoval o ¢ase
védecky, napsal, Ze nepotiebuje ¢as definovat, protoze je to néco ,,v§em dobfe znamé*. Ale ve
snaze dat do souladu nasi zkuSenost s ¢asem se skute¢nou povahou ¢asu jsme byli nuceni
zpochybnit n¢kterd z naSich nejhlubsich piesvédéeni. Dosud jste nedospéli k chapani HDV...
Nyni vime, ze v kazdé udalosti, ktera jde od fadu k nepotradku, existuje spojeni se samotnym
Velkym tfeskem, které nam dava $ip casu. Zdravy rozum, ze jeden skute¢ny ¢as vladne
vesmiru, ustoupil obrazu, v némz je Cas pro kazdého z nés jiny. Zdravy rozum ma i uklizecka,
ktera nepotiebuje ani tu matematiku...A tok Casu, ktery se nam zda skutecny jako tok feky,
nemusi byt nic jiného nez iluze. Minulost, pfitomnost a budoucnost mohou existovat na stejné
arovni.(?) Nase kazdodenni prozivani ¢asu bude mit vzdy silny vliv. Budeme si nadale

ze Cas je univerzalni, ze minulost je pry¢, ze budoucnost teprve bude. Ale diky
nasim védeckym objeviim se miizeme divat i za hranice zkuSenosti

51:49 a uznat, Ze jsme soucasti mnohem bohat$i a mnohem podivnéjsi reality. + HDV

JN, 02.08.2024


http://www.hypothesis-of-universe.com/docs/eng/eng_077.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_092.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_100.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_105.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_109.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_117.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_122.pdf

