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01) We actually have a pretty good idea of what might have happened before the Big Bang.
That is as long as you define 'The Big Bang' as the universe's early hot dense expanding state
that's well described by Einstein's equations. That picture of the Big Bang is very solid, down
to about a trillionth of a second after the supposed beginning of time. We can make good
guesses down to about 107(-30) of a second, but did anything happen before that? Well,
maybe .... ... everything. The universe almost certainly did not explode from a singular point.
Now, we covered that misconception recently. These days, the best accepted description of
the time before the Big Bang is given by inflation theory. The idea is that the energy trapped
in the so-called "Inflaton field" caused exponential expansion of space. This was the 'bang' in
the Big Bang. In previous episodes, we looked at why cosmologists think we need inflation
and what could possibly cause it. That last one is definitely worth a watch if you haven't yet,
because today we're going to peer further back in time and explore a stunning implication of
inflationary theory. See, if we accept that inflation happened at all, it's hard to escape the
conclusion that it never actually stopped. And in fact, our universe is but one bubble among
countless others in an eternally inflating greater universe. Cosmic inflation, if it actually
happened, was driven by the inflaton field, which had the bizarre property of containing a ton
of energy even in the absence of particles. It had a nonzero vacuum energy. Now, in a recent
episode we talked about how such a field could drive exponential expansion. But we stopped
short of discussing what the field actually is and what the real implications are of its
existence. Before we make any real predictions about the behavior of an inflating universe,
we probably should know more about the field that drives it. To start with, you need a
particular type of field to cause inflation, something called a scalar field. This is actually the
simplest type of quantum field because it's described by a single number, a scalar everywhere
in space. Other fields like the particle field or the electromagnetic field are described by
multiple components and vectors instead of single numbers. We know that scalar fields exist,
or at least one does. That's the Higgs field which gives elementary particles their mass. The
inflaton field would be another such scalar field, or it might even be the Higgs field.
Physicists are still arguing over that one. | mentioned last time that quantum fields can hold
energy without actually having particles. They do this through a process called self
interaction. You can think of a field with a high field strength as being full of virtual particles.
These are ephemeral vibrations in the field that are constantly tugging at the field as the field
tugs at them. This self interaction gives the field some potential energy. It's potential energy
because the field would much rather reconfigure itself into a lower energy state. In which
case, that stored energy would be converted into another form, for example into real particles.
Although scalar fields are the simplest, they can exhibit complicated relationships between
this potential energy and the field strength. In our last inflation episode, we looked at the case
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of old inflation proposed by Alan Guth in 1979. Guth's idea is that there's a local minimum in
potential energy that allows the inflaton field to get stuck in a false vacuum state.

01) Vlastné méme docela dobrou piedstavu o tom, co se mohlo stat pied Velkym treskem. To
je tak dlouho, jak definujete ,,Velky tfesk* jako rany horky husty rozpinajici se vesmir, ktery
je dobie popséan Einsteinovymi rovnicemi. Ten obrazek Velkého tiesku je velmi solidni, az asi
do biliontiny sekundy po piedpokladaném zacatku ¢asu. Umime udé¢lat dobry odhad do 10 »
(- 30) sekundy, ale stalo se néco piedtim? Mozna ... ... vSechno. (01*) http://www.hypothesis-
of-universe.com/docs/aa/aa_046.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_054.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_065.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_067.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_089.pdf a dalsi a dalsi odkazy Vesmir téméf jisté nevybuchl z
jedine¢ného bodu. O.K. Velky Tiesk je ,,zména stavu‘ predeslého na nasledny. Predesly je
3+3D plochy euklidovsky nekone¢ny bez hmoty, bez poli, bez toku plynuti Casu a bez
rozpinani. Teprve az Tresk pfinasi zménu kiivosti dimenzi €p...nastane ,,lokalita* nesmirné
kiivého stavu dimenzi a ty se ( podle principu o stiidani symetrii s asymetriemi ) rozpinaji =
1épe tikat rozbaluji se ; v prvni fazi tohoto poTteskového Svéta je ,,viici vakuum — péna
dimenzi = plazma. A...a nastane geneticky vyvoj.(jak se popisuje jinde) . Z jiného Uhlu
pohledu vlastné ,,kiivy €asoprostor = péna dimenzi* vznika stale a vSude a vzdy na
planckovych skalach po celou existenci Vesmiru...viici vakuum dimenzi je tu stale kolem nas
a...a to se pak ,,ROZBALUJE® do rozsahlého ¢asoprostoru a global-vesmiru. ( viz vyklad
jinde ) Nedavno jsme tuto mylnou piedstavu pokryli. V dne$ni dobé je nejlépe piijimany
popis ¢asu pred Velkym tieskem dan infla¢ni teorii. Podle HDV c¢as pied Tieskem ,,byl* ale
nebézel. Byl a je pred Tieskem jako ,,stav-veli¢ina-fenomén. Cas zaéne b&Zet az kdyz se
zacne ,,rozbalovavat® kiivost vSech casovych dimenzi. To, Ze jich je vice jak jedna, nebylo
nikdy zkoumano. Tempo plynuti ¢asu (jak ho zndme dnes, dnes na Zemi) nemuselo byt

Vv minulé historii Vesmiru vzdy stejné. Rozbalovavani ¢p dimenzi se d¢je jinak u délkovych
dimenzi a jinak u ¢asovych dimenzi. Vétime-li ( pokusime-li se véfit ) na stav 3+3D ¢&p pied
Tteskem jako na ,,nehybny-staticky-neproménny*, pak je mozné ze ,,poTteskovy stav kiivych
dimenzi ¢p plave“““ (1) v tom zakladnim rastru-siti-pfedivu 3+3D, protoZe ,,nas* stav
globalniho ¢p i ¢p na mikrotrovni az k planckovym skalam, je kfivy...; Kiivy stav 3+3d
»plave® na ,,plochém* 3+3D ; Kfiv stav ¢p realisticky popisuje OTR, a kvantovy = kiivy stav
(pénovité kiivosti) popisuje jaderna fyzika. Takze z jiného thlu vidéni ,,my-hmota-Zem* se
pohybujeme ,,po ¢ase®, po dimenzi ¢asové toho rastru ktery stoji....nase ¢asova dimenze se
rozbaluje.. Myslenka je, Ze energie zachycena v takzvaném ,,poli Inflaton* zpuisobila
exponencialni expanzi prostoru. To byl ,ttesk” ve Velkém tiesku. HDV ftika, Ze ve Tiesku
nastala ,, maximalni kména stavu ¢p| ze stavu totdiné plochého do stavu totdlné kiivého —
plazma* .Takze nikoliv expanze, ale naopak. DoSlo ke smrsténi ,,lokality* ¢p v nekonecné
ploché siti-piedivu 3+3D ¢p do ,,lokality* kone¢né s nekone¢nou ktivosti, kterasceokam z i
t € rozbaluje, exponencialné http://www.hypothesis-of-universe.com/docs/c/c_239.jpg V
piedchozich epizodach jsme zkoumali, pro¢ si kosmologové mysli, ze potiebujeme inflaci, a
co by ji mohlo zputsobit. Ten posledni urcité stoji za pozornost, pokud jste to jesté neudélali,
protoze dnes se podivame do minulosti a prozkoumame ohromujici implikaci infla¢ni teorie.
Za pozornost a za prozkoumani také stoji STR pii vyroku o dilataci : ,,tempo plynuti casu je
na Zemi nejrychlejsi. VSude jinde se zda — piSe Kulhanek — Ze tempo plynuti ¢asu je
pomalejsi a pomalejsi = Cas dilatuje k nule blizi-1i se rychlost télesa céé. Tento vyrok miize
tici kazdy pozorovatel v celém vesmiru. ! Podle tohoto vyroku by logicky mélo platit, Ze

v kazdém bodé vesmiru miize byt libovolné tempo plynuti ¢asu, ale jak za¢ne tento ,,bod =
pozorovatel* pasovany do klidu pozorovat jina télesa v pohybu, bude vnimat = pozorovat )
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pouze !!!! pozorovat ) dilataci na téchto pohybujicich se objektech. Nikdo nikdy dosud
neprokazal ( pane profesore ), ze na Zemi je to nejrychlejsi tempo plynuti ¢asu v celém
vesmiru anebo, Ze toto ,,pozemské tempo““je ono to jediné nejrychlejsi v celém vesmiru.
Pokud ptijmeme, Ze k inflaci viibec doslo, je tézké uniknout zavéru, ze se ve skutec¢nosti
nikdy nezastavila. Anebo Ze se vesmir od Tiesku ROZBALOVAL podle néjaké evolventy —
http://www.hypothesis-of-universe.com/docs/c/c_239.jpg ; http://www.hypothesis-of-
universe.com/docs/c/c_357.jpg ...a dokonce se mozna rozbaluje stale ,,z viiciho vakua“ a to
stale vSude kolem nas . My — nase pozice Zem¢ a nase velikost jsme svou velikostni mezi
,,planckovou délkou-intervalem* a vzdalenosti k horizontu pozorovatelnosti za niZ uz ,,neni
vidét , tak-néjak uprostied, ze ? >  http://www.hypothesis-of-
universe.com/docs/c/c_017.jpg A ve skutec¢nosti ?? je nas vesmir jen jednou bublinou mezi
bezpoétem dalsich ve vée¢né nafukujicim se vétsim vesmiru. Kosmicka inflace, pokud k ni
skute¢né doslo, byla pohanéna ?? inflatonovym polem, které melo a to uz je jisté ? bizarni
vlastnost, Ze obsahovalo tunu energie i v neptitomnosti ¢astic. ? To uz je smysluplnéjsi a
logi¢téjsi vize, Ze je-1i hmota i pole fyzikalni ,,postaveno® z dimenzi ¢asoprostorovych, tedy
stylem-zpuisobem ,.kiiveni® dimenzi...a tedy ,,kfiveni dimenzi* je princip stavby poli a
hmoty, tedy jevem hmototvornym, pak z této logiky snadno plyne, ze energie je stavem
,kiivosti ¢p dimenzi‘ a tedy 1 ta temna energie se rodi v ,,péné vakua®, coz je péna kiivych
dimenzi a proto muze ta energie i pribyvat ,,z ni¢eho* tj. rodit se v t€¢ pén¢ vakua a tim je i
hustota té energie konstantni prestoze se ¢p rozbaluje-rozpind. Mél nenulovou vakuovou
energii. No vida jek se nova véda blizi k mé uz 40 let star¢ HDV.Nyni jsme v nedavné
epizodé hovotili 0 tom, jak by takové pole = péna 3+3 kiivych dimenzi mohlo vést k
exponencialni expanzi. Prestali jsme vSak diskutovat o tom, o to pole vlastné je a jaké jsou
skute¢né dasledky jeho existence. ,,Princip kiiveni* dimenzi je pfi¢inou-divodem vzniku
hmoty a poli...( neni to obracené, pane profesore, jak tvrdite, Ze ¢asoprostor vznika z hmoty
potazmo, zZe bez hmoty by ¢p neexistoval ...mylite se ) ; Casoprostor 3+3D plus dva mé
postulaty = principy, tj jesSté s principem stridani symetrii s asymetriemi nam staci k existenci
VSEHO. .. ;ostatni ,,podruznosti* z toho genezi vzejdou ,,samy*. Nez udélame jakékoli
skutec¢né predpoveédi o chovani nafukovaciho vesmiru, pravdépodobné bychom méli védeét
vice o poli, (inflantonové ?) které jej ridi. Nejprve potiebujete urcity typ pole, které zptisobi
inflaci, néco, cemu se tika skalarni pole. Toto je vlastné nejjednodussi typ kvantového pole,
protoze je popsan jedinym ¢islem, skalarnim ?? vsude ve vesmiru. Jina pole, jako je ¢asticove
pole nebo elektromagneticke pole, jsou popsana nékolika slozkami a vektory namisto
jednotlivych ¢isel. Vime, Ze skalarni pole existuji, nebo alespon jedno existuje. To je
Higgsovo pole, které dava elementarnim ¢asticim jejich hmotnost. Mtj nazor -
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Pole inflaton by bylo dal$im takovym skaldrnim polem, nebo by to mohlo byt dokonce
Higgsovo pole. Fyzici se kvili tomu stéle hadaji. Zdalipak cetli HDV ? Minule jsem zminil,
ze kvantova pole mohou zadrzet-nést energii, aniz by ve skute¢nosti mely castice. Délaji to
prostiednictvim procesu zvaného vlastni interakce. Pole s vysokou intenzitou pole si muzete
piedstavit jako pIné virtualnich ¢astic. No vida : mezi elektronem a pozitronem ,,proudi*
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fotony sem-a-tam Jedné se o pomijive vibrace v poli, no vida jak se fyzika uz podoba mé vizi
o0 ,,viicim vakuu = pén¢ dimenzi*, kde probiha ,,princip stfidani symetrii s asymetriemi®...atd.
které neustale pritahuji pole, zatimco pole pfitahuje za n¢. Tato vlastni interakce dava poli
néjakou potencialni energii. ,,princip kiiveni dimenzi* ( pro vlastnosti elem. ¢astic jako je
hmotnost, spin, naboj a dalsi ) je silnéjs$i nez Higgsuv mechanizmus Je to potencialni energie,
protoze pole by se mnohem radéji pfekonfigurovalo do stavu niz$i energie. ..jenze se vesmir
tj. ¢p 3+3D rozpina ,,proti tomu piekonfigurovani V takovém ptipad¢ by se tato ulozena
energie premeénila na jinou formu, napiiklad na skute¢né ¢astice. Ackoli jsou skalarni pole
nejjednodussi, mohou vykazovat komplikované vztahy mezi touto potencialni energii a
intenzitou pole. No comment, nejsem vystudovany fyzik V nasi posledni infla¢ni epizodé
jsme se zabyvali ptipadem staré inflace navrzené Alanem Guthem v roce 1979. Guthova
myslenka je, Ze existuje lokalni minimum potencialni energie, které umoznuje inflaénimu poli
uvaznout ve stavu fale$ného vakua.

02) When that state decays, potential energy is released as real particles, ending inflation, and
re-heating the universe in an expanding bubble. The random nature of this version of inflaton
decay means that many such bubbles should form, ie. multiple universes exist. But we also
saw that there were problems with this approach. Old inflation predicts empty firewall
bubbles that look nothing like the early phase of our universe. A more promising idea is
something called slow roll inflation This was proposed by Andrei Linde, Andreas Albrecht
and Paul Steinhardt, in 1982, just a few years after Guth's proposal. The idea of slow roll
inflation is that the inflaton field isn't stuck at a local minimum in the potential but rather it's
on a very weakly sloping plateau leading towards a deeper valley In that case, the field
strength would very slowly roll down that slope. As it did, the energy would drop very very
slowly. That would still give us our near constant energy density needed to power inflation
and then, as the roll sped up towards the valley, inflation would end. But it wouldn't end as a
random process, it wouldn't require quantum tunneling to get started. Instead, the entire region
of the inflating universe would approach this minimum at the same time Inflation would shut
down smoothly and the universe would be reheated everywhere all at once. This gives us the
expanding hot dense universe that we know and love in our Big Bang model. But if slow roll
inflation stops everywhere at once, how does it last forever and how does it give us multiple
universes? Before we get to that, | want a quick word on why the Inflaton field should have
one potential energy curve over any other. Now, the behavior of this field depends on some
unverified physics But a suitable inflaton field fits with some grand unified theories. Those
are theories that combine the strong nuclear force with electromagnetic and weak forces. As
well as theories which also unify gravity, like string theory. These theories predict phase
transitions in the behavior of fields as the temperature of the universe changes. As the
universe cools, different vacuum states can appear possibly trapping the inflaton field. Very
flat potential energy slopes are also possible in these theories, enabling slow roll inflation or a
combination of both. The detailed physics requires yet more episodes, so, for now take my
word for it that inflation fits some theory even if that theory is also entirely speculative. As
speculative as inflation is, it does make some predictions and some are even testable. |
mentioned that quantum fields fluctuate due to the intrinsic randomness of the quantum
world. As the inflaton field rolls down the potential energy hill, the field strength should
fluctuate slightly. That means some regions of the universe would finish inflation a little
ahead of others And that will lead to very small density and temperature fluctuations in the
matter produced after inflation. And we see those fluctuations in the Cosmic Microwave
Background. These same fluctuations collapsed under their own gravity to become the first
galaxies. In fact, this is perhaps the best evidence we have that inflation is plausible, it can
predict the pattern of temperature fluctuations in the CMB. They should, according to



inflation, come in all possible sizes on the sky and be evenly distributed in abundance with
giant fluctuations as likely to occur as tiny ones and all physical sizes in between, and that is
exactly what we see in the CMB. But seeding all of the structure in our universe is probably
the least impressive thing those quantum fluctuations did. They also give eternal inflation and
multiple universes. In slow roll inflation, exponential expansion should grind to a halt over
large regions as the inflaton field decays As | mentioned, small fluctuations in the Inflaton
field would lead to slight differences in when the inflation ends from one point to the next But
quantum fluctuations come in all sizes and a rare strong fluctuation would force the inflaton
field back up the potential energy slope, causing inflation to last a lot longer in that spot. Such
fluctuations would be extremely rare and so you wouldn't think they'd count for much, but
remember, Inflation causes exponential expansion. To further up the slope, the inflaton field
gets pushed the faster that expansion. So, and up your fluctuation in a tiny patch of space
would very quickly outgrow its surroundings; producing a new inflating region. That region
would then continue to decay spawning new universes, but also spawning new inflating
regions.

02) Kdyz se tento stav (inflantovaneho pole) rozpadne, potencialni energie se uvolni jako
skute¢né ¢astice, no hled’'me jak se to za¢ina podobat HDV tj. , klubi¢kovani* dimenzi ¢p na
geony = elem. ¢astice. ¢imz se ukon¢i inflace a znovu se zahieje vesmir v rozpinajici se
bubling. Nahodnéa povaha této verze rozpadu inflatonti znamena, Ze by se mélo tvofit mnoho
takovych bublin, tzn. existuje vice vesmirt. ? Jsem skepticky ( nas vesmir se postupné
,rozbali“ ,,v nekone¢nu‘ a rozbalené dimenze se ,,propoji se zakladnim plochym
cuklidovskym 3+3d ¢asoprostorem Ale také jsme vidéli, Ze s timto piistupem byly probléemy.
Stara inflace predpovida prdzdné bubliny brany firewall, které nevypadaji jako rana faze
naseho vesmiru. Slibnéjsi myslenkou je néco, co se nazyva pomala inflace. A hled'me, uz zase
se nova fyzika blizi mé vizi rozbalovavani ¢p ptikladné podle evolventy ( a nemusi to byt
zrovna evolventa !!! mize to byt ono chaotické rozmotavavani kiivosti
http://www.hypothesis-of-universe.com/docs/c/c_362.jpg ) To navrhli Andrei Linde, Andreas
Albrecht a Paul Steinhardt v roce 1982, jen n¢kolik let po Guthové navrhu. Myslenka pomalé
inflace ndklonu spociva v tom, Ze inflatonové pole neni zaseknuto na mistnim minimu v
potencialu, ale spiSe na velmi slabé se svazujici ploSiné€ vedouci k hlubS§imu udoli. . Energie
klesala velmi pomalu. To by nam stale poskytlo nasi t¢éméf konstantni hustotu energie pokud
,,s€ rodi“ novy Casoprostor na planckovych skalach, pak se tam rodi i ta péna vakua a tim i ta
temna energie...a hustota je v toku-plynuti ¢asu konstantni potiebnou k nafouknuti energie a
poté, kdyz se role zrychlila smérem k udoli, inflace skoncila. Ale neskoncilo by to jako
nahodny proces, nevyzadovalo by to kvantové tunelovani, abychom mohli zagit. Misto toho
by se cela oblast nafukujiciho vesmiru pfiblizila k tomuto minimu souc¢asné. Inflace by se
hladce vypnula a vesmir by se ohtival vSude najednou. ?? To nam dava rozpinajici se horky
husty vesmir, ktery zname a milujeme v nasem modelu Velkého tiesku. Pokud se vsak inflace
s pomalym pohybem zastavi v§ude najednou, jak to mize trvat vé¢né a jak ndm dava vice
vesmira? Nez se k tomu dostaneme, chtél bych kréatce fici, pro¢ by pole Inflaton mélo mit
jednu potencialni energetickou kiivku nad jakoukoli jinou. ? Chovani tohoto pole nyni zavisi
na n¢jake neoverené fyzice, ale vhodné inflatonové pole zapada do nékterych velkych
unifikovanych teorii. To jsou teorie, které kombinuji silnou jadernou silu s
elektromagnetickymi a slabymi silami. Stejné jako teorie, které také sjednocuji gravitaci, jako
teorie strun. (!) Tyto teorie piedpovidaji fazove skokoveé prechody v chovani poli pii zméné
teploty vesmiru. Jak se vesmir ochlazuje, mohou se objevit razné stavy vakua, ¢ili rizné stavy
kiivosti dimenzi casoprostoru na malych skalach !! které mohou zachytit ?? co to je ,,zachytit™
? inflatonové pole. V téchto teoriich jsou také mozné velmi ploché svahy potencialni energie,
které umoznuji pomalé nafouknuti valce nebo kombinaci obou. Podrobna fyzika vyzaduje
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jesté vice epizod, ani ja neumim ,,podrobnou fyziku, ani podrobnou HDV*, to uz necham na
bystiejsi fyziky. takZze prozatim si vezméte slovo, Ze inflace vyhovuje néjakeé teorii, O.K., coz
muze byt i HDV i kdyz je tato teorie také zcela spekulativni. Inflace je spekulativni, vytvari
urcité predpovédi a nékteré jsou dokonce testovatelné. Zminil jsem, ze kvantova pole kolisaji
kvili vnitini ndhodnosti kvantového svéta. Kvantovym polim moc nerozumim, ale urcité se to
blizi jakési ,.kvantové péné“ coz jsou kiivné dimenze ¢p. Jak se pole inflaton vali z
kopce potencialni energie, méla by intenzita pole mirné kolisat. Kolisani se podoba vizi o
stfidani symetrii s asymetriemi.. To znamena, ze n¢které oblasti vesmiru dokon¢i inflaci
trochu pred ostatnimi Oh, oh, to slySim poprvé Zze vesmir ,,ma oblasti® kde mozna je jiné
stari, ¢i jiné ,,rozepnuti* ¢p..A to povede k velmi malym vykyvam hustoty a teploty v hmoté
produkované po inflaci. A vidime tyto vykyvy v Kosmickém mikrovinném pozadi. Malé
vykyvy jsou ,,pozistatkem* chaotické plazmy, kde funguje ten ,,horky brambor* a tedy uz
tam ,,plavou‘ balicky = klubicka = klony s pevné kiivymi-zabalenymi dimenzemi, a jsou jich
biliardy aZ biliardy na biliardy a konglomeruji do hvézdy a galaxii, co uz takto kiivé elementy
zustavaji naveky, jsou to elem. ¢astice. Geneze je jev jiny je to zeslozitovavani vzajemného
chovani-interakci elementt...atd. /viz HDV. Tytéz vykyvy se zhroutily pod svou vlastni
gravitaci a staly se prvnimi galaxiemi. Ve skutec¢nosti je to snad nejlepsi dikaz, ktery mame k
dispozici, ze inflace je vérohodnd, muze piedpoveédét vzorec teplotnich vykyvi v CMB. Mély
by podle inflace ptichazet ve v§ech moznych velikostech na obloze a byt rovnomérné
rozlozeny v hojnosti s obrovskymi vykyvy, které se pravdépodobné vyskytnou jako malé a
vSechny fyzické velikosti mezi nimi, a to je ptesné to, co vidime v CMB. O.K., ovsem
prizmatem “kiivych dimenzi ¢p*° AvSak nasazeni celé struktury v naSem vesmiru je
pravdépodobné nejméné pasobiva véc, kterou tyto kvantové vykyvy provedly. Davaji také
véénou inflaci a vice vesmirt. To davaji vase rovnice, nikoliv Vesmir... P¥i pomalé inflaci by
se exponencialni expanze mé¢la zastavit na velkych regionech, jak se pole inflatonu rozpada
Jak jsem jiz zminil, malé fluktuace v poli Inflaton by vedly k mirnym rozdilam v tom, kdy
inflace kon¢i z jednoho bodu do druhého. Ale kvantové fluktuace ptichazeji ve vsech
velikostech a vzéacna silna fluktuace by ptinutila pole inflatonu zpét sklon potencialni energie,
coz by zpusobilo, ze inflace na tomto misté vydrzi mnohem déle. Takové vykyvy by byly
extrémné vzacné, a proto byste si nemysleli, ze se budou poditat prilis, ale pamatujte, Ze
inflace zpusobuje exponencialni expanzi. A pamatujte, Ze expanze nemusi byt exponencialni a
7e nikdo zatim neuvazoval nad ,.piijemnéj§im* rozbalovavani ¢p..Cim dale se svah zvysuje,
tim rychleji se rozsifuje pole inflaton. TakZe a vase fluktuace v malém kousku vesmiru by
velmi rychle vyrostla z jeho okoli; produkovat novou nafouknutou oblast. ? to jako jiny
vesmir ? Tato oblast by pak pokracovala v rozkladu a vytvéiela nové vesmiry, aha..ale take
vytvéiela nové nafouknuté oblasti.

03) The result is stunning; inflation never stops, but rather forms a fractal structure of
infinitely expanding space in dispersed with bubble universes of all different sizes. And to get
this started, you need a speck. A fraction of the Planck energy within a Planck volume. A
millionth of a gram in a space 10°(-35) meters across should do the trick. Assuming a
quantum field of the right type and that speck will start inflating. The exponential nature of
the process will take over and the speck becomes infinite universes. Okay, cool story, bro.
Admittedly this all raises a few questions. How plausible is this mysterious inflaton field? Can
eternal inflation last infinitely into the past as well as the future? What happens when bubbles
collide? There are also deep possible connections between inflation and string theory and with
the holographic principle, as described in one of Stephen Hawking's last papers. Good
material for the eternally expanding future library of PBS Space Time. Hey everyone. So,
summer travel has kept me from doing comment responses for the past few episodes. On the
plus side, I learned how to Kite surf but now that I'm back on firm ground I'll respond to



questions from two episodes. "Did time start at the Big Bang" and "What caused the Big
Bang, the real physics of inflation™ A couple of people mentioned George Lemaitre, who
predicted the expansion of the universe before Edwin Hubble's observations. Lemaitre was a
Jesuit priest and astronomer physicist. He realized that VVesta Slifer's observations of receding
galaxies could be explained by an expanding universe and solved Einstein's equations to show
this. Lemaitre doesn't get as much credit in popular accounts as Hubble and that's definitely
unfair. But the reason Hubble gets most of the credit is that before Hubble, we had no idea
what the distances were to Slifer's galaxies and so we couldn't properly test this expanding
universe hypothesis. Pup314 asks if the reheating of the universe after inflation is what gave
us the cosmic background radiation. Well, not directly. The CMB was released about 400,000
years after the end of inflation when the reheated universe first became transparent. It was
around 3000 Kelvin at that time. The reheating i'm talking about happened right at the end of
inflation, which is basically corresponding to the beginning of our universe. Then an ocean of
inflaton particles released by the decaying inflaton field turned into extremely energetic
particles and radiation. How energetic? Enough to give the universe a temperature of 10 to the
power of 27 or 28 Kelvin. That energy would then end up in the cosmic background radiation
photons, but not for a while. Some of you asked how our cosmic inflation episode explains
what caused the Big Bang, which is what we claimed in the title. Also, the standard Big Bang
Theory doesn't explain the initial expansion at all, it includes an expansion rate in its initial
conditions and then tries to explain everything that happens afterwards. Inflation actually
gives a physical reason for the universe to have started with a rapid outward expansion rate in
terms of pretty well understood physics. So, inflation doesn't explain where the very first
speck of space-time and energy came from but it does give a potential explanation for the
'bang’ part of the Big Bang. Dominic H quips "Did time start at the Big Bang? Let me guess
depends on your definitions of "Did", "Time", "Start" and "Big Bang" " Ah... Exactly right,
Dominic! Bad science starts with bad questions. What's the meaning of life, the universe and
everything? 42 for the right definition of life, the universe, and everything. It may seem
pedantic and nerdy but the more precise the question the more useful the answer. In the case
of Big Bang, many scientists now mean the period of regular Hubble like expansion that
followed the initial kick and we think that kick was caused by inflation. To those of you
surprised to see me out in the real world in our recent stellar series, don't worry, they caught
me again and took away my Kkite

03) Vysledek je ohromujici; inflace se nikdy nezastavi, ale spise tvoii fraktalni strukturu
nekonecné se rozsifujiciho prostoru v rozptylenych bublinovych vesmirech vSech raznych
velikosti. Chcete-li to zacit, potiebujete skvrnu. Zlomek Planckovy energie v Planckové
objemu. Milion gramu v prostoru 10 ~ (- 35) metru napti¢ by mél stacit. Za predpokladu, ze
kvantové pole spravneho typu a té skvrny se za¢ne nafukovat. Exponencialni povaha procesu
pievezme kontrolu a skvrna se stane nekone¢nymi vesmiry. Dobte, super ptibéh, bracho. Je
pravda, Ze to vSechno vyvolava nékolik otazek. Jak pravdépodobné je toto zahadné pole
inflatonti? Za¢néte premyslet o , kiiveni dimenzi“ Ze tento jev je tim vesmiro-tvornym aktem
Muze vécna inflace trvat nekoneéné do minulosti i budoucnosti? Co se stane, kdyZz se bubliny
srazi? Existuji také hluboké mozné souvislosti mezi inflaci a teorii strun a s holografickym
principem, jak je popséano v jednom z poslednich &lanka Stephena Hawkinga. I Stefan neni
neomylny Dobry materiél pro véené se rozsitujici budouci knihovnu PBS Space Time. ©
Ahoj vsichni. Ahoj tém co premysli o HDV. Letni cestovani mi tedy v poslednich epizodéch
nedovolilo reagovat na komentéfe. Pozitivni je, Ze jsem se naucil kite surfovat, ale ted’, kdyz
jsem zpét na pevné zemi, budu reagovat na otazky ze dvou epizod. To jsem zvédav zda mi
také odpovite na vize HDV ! ,,Zacal ¢as velkym tieskem® a ,,Co zpusobilo velky tresk,
skute¢na fyzika inflace* Par lidi zminilo George Lemaitre, ktery pied pozorovanim Edwina



Hubbla ptedpovidal expanzi vesmiru. To byl Gizasny pocin, ale mél by se piehodnotit, zda
Hubble-linearni rovnice neni $patné, tedy spravné pozorovani chybné vyhodnoceno. Lemaitre
byl jezuitsky knéz a astronomsky fyzik. Uvédomil si, Ze pozorovani ustupujicich galaxii od
Vesty Slifera Ize vysvétlit rozpinajicim se vesmirem a vyftesil Einsteinovy rovnice, aby to
ukazal. Jsem Spatny matematik, a zajimalo by mé proto zda ,,se ma vizeo rozbalovan
i vejde do Einsteinovych rovnic. Lemaitre neméa na popularnich uc¢tech tolik tvéra jako
Hubble, a to je rozhodné nefér. Dtto k HDV nefér.Ale divod, pro¢ Hubble ziskava nejvétsi
zasluhu, je ten, Ze pfed Hubbleem jsme netusili O.K., jaké jsou vzdalenosti od Sliferovych
galaxii, a tak jsme nemohli spravné otestovat tuto hypotézu o rozpinajicim se vesmiru.
Pup314 se pta, zda nam opétovné zahiati vesmiru po inflaci poskytlo z&teni kosmického
pozadi. No, ne ptimo. CMB byl propustén asi 400 000 let po skonceni inflace, kdy se poprvé
ohraty vesmir stal transparentnim. V té dobé to bylo kolem 3000 Kelvini. K opétovnému
ohfevu, o kterém mluvim, doslo hned na konci inflace, coz v podstaté odpovida zacatku
naSeho vesmiru. Poté se ocean ¢astic inflatanu uvolnénych rozpadajicim se polem inflatonu
zmeénil na extrémné energetické ¢astice a zareni. Jak energicky? Dost na to, aby vesmir dostal
teplotu 10 o sile 27 nebo 28 Kelvinu. Tato energie by pak skoncila ve fotonech zafeni
kosmického pozadi, ale ne na chvili. Nekteti z vas se ptali, jak nase epizoda kosmické inflace
vysvétluje, co zpusobilo Velky tiesk, Hawking tvrdi Ze ,,vznikl z Ni¢eho, ja mam hypotézu 0
»zmene stavu® predesiého tj. plochého nekonecného 3+3D bez hmoty, bez toku-plynuti ¢asu a
bez rozpinani, na stav ,,poTieskovy* tj. extrémé zakiivenou lokalitu ( nenulovou singularitu )
dimenzi ¢p do stavu ,,plazmy* a...a dal uz to znate...geneze dle SSSA ...coz jsme tvrdili v
ndzvu. Standardni teorie velkého tiesku také viibec nevysvétluje pocatecni expanzi, ja
vysvétluji v HDV zajimavou verzi na kterou nemam 20 let zadnou reakci vzdélaného fyzika (
pokud ,,vzdé€lani® ¢tou jen ,,vzdélané* teorie, pak mam jesté nadlouho smilu...) zahrnuje
rychlost expanze ve svych pocate¢nich podminkach a poté se snazi vysvétlit vse, co se stane
poté. Inflace ve skutec¢nosti dava fyzickému davodu, aby vesmir zacal s rychlou rychlosti
vnéjsi expanze, pokud jde o docela dobie pochopenou fyziku. Inflace tedy nevysvétluje,
odkud pochéazi prvni skvrna ¢asoprostoru a energie, ale poskytuje potencialni vysvétleni pro
Cast ,,tiesku® Velkého tresku. © Dominic H vtipkuje ,,Zacal ¢as Velkym tieskem?* Nechte
m¢e hadat podle vasich definic ,,Ud¢lal®, ,,Cas*, ,, Start “a ., Velky tiesk “,,Ah ... Piesné tak,
Dominiku! Spatna véda zagina $patnymi otdzkami. O.K., oviem kdo vi co to je a kdy je
““Spatna“ otazka ? Jaky je smysl Zivota, vesmiru a vSeho? 42 pro spravnou definici zivota,
vesmiru a vieho. Miize se to zdat pedantské a nerdy, ale ¢im piesnéjsi je otazka, tim
uzite¢néjsi je odpoveéd’. V pripadé Velkého tiesku nyni mnoho védca mysli obdobi pravidelné
expanze podobné Hubbleovi, které nésledovalo po pocatecnim kopu, zména stavu je lepsi
vize na ,,kop-tresk* a myslime si, ze kop byl zpusoben inflaci. Tém z vas piekvapilo, ze mé
videli ve skute¢nem svété v nasi nedavné hvézdné sérii, nebojte se, znovu mé chytili a odnesli
mého draka
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