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(01)- well thank you uh welcome all of you hello to the people who are here hello to the
people who will be watching that um um hello to the cameraman um i am going to talk about
quantum gravity um and uh to talk about quantum gravity i will break this in four parts the
first i will talk about gravity take about quantum and the third about quantum gravity right in
the first and the second i will just very rapidly review what we know um about gravity and
about quantum in a way which i think is um sorry i need drugs to work is caffeine umin a
way which is uh adapted to um put them together and then in the fourth part white holes um i
will address the key problem quantum gravity which is to find experimental evidence that
what we do it's correct or not correct we in quantum gravity have a problem which is bringing
what we know about space-time what we know about quantum theory together so do the
quantum stereo space time um we know that space time has quantum property or we strongly
believe this space-time has quantum properties we have a tentative theories for describing a
guantum space time so nice and beautiful some of us are passionate for one theory some of us
a passion for another theory the problem is to know whether these theories are correct or not
and to know that we have to make measurement and confirm or disconfirm support um or uh
find evidence for of against the theory and that's the most interesting part of the game i think
because after all the conceptual work of figuring out what is quantum space time we have
come back to reality and check these ideas against reality and i will talk in the last part about
one recent idea of how to check our understanding of quantum gravity using white holes so
um four chapters first chapter gravity um gravity of course is you know what makes things
fall that's the name of gravity and the way we have understood gravity for a long time is of
course through newton theory a newton theory is a newton-had idea of understanding gravity
um in the following way first of all there is some space and let me make you this is my model
of space in space there are the moon the sun the objects that uh move and the idea of neutron
is that there are forces right as you all know between any two objects between the sun and the
earth between the moon and the earth between the earth and these things which is falling so
things move in space straight space is like a huge container of everything it's a very newtonian
idea space um things move straight in this sort of huge box uh which is three-dimensional this
is a two-dimensional representation of it but they don't move straight when there's a force and
the force is pulled between the two so if this is the earth this is the moon earth is more heavy
so the moon moves more and is attracted by the earth goes around okay now there are two
problems in this um picture first one first one is how the hell the earth can affect the moon
with nothing in between i mean how does the moon know that there is earth there they're far
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away how they can act on one another from a distance and newton was very aware of this uh
difficulty of his own theory he even called this idea repugnant that two things could affect one
another with nothing in between but that's sort of the best he could do and it's pretty good
what he could do the second um question is what is this thing he needed space space is a very
neutron idea before newton um people didn't think that there is a space in which things move
people thought that there were things and space was the way they were one next to other and
in particular i thought there's no empty space because if between two things there's nothing
there's nothing there's something air in that case and there's air so what is this box in which
things move all around us which is space that was what newton left us with but the situation
changed dramatically in the 19th century when faraday maxwell working out the electric
forces realized that there is another kid on the block field there's another ingredient in the
world which is electromagnetic field and the electromagnetic field is something which is all
over this is my picture of the electromagnetic field right um you know why it's yellow right
because light is a magnetic field also and light is yellow of course so what is the point of the
germanic field the point is that if you have some charge here and and also attract another
charge but not directly via the the field somehow the charge affect the field the field effect the
charge and the information that the charges here travel through the field field carries the
information and of course maxwell wrote the equations for the field which is all around us
we're immersed in this field the electric and magnetic field

(01)- no dekuji uh, vitejte vSechny ahoj lidem, ktefi jsou tady, zdravim lidi, ktefi to budou
sledovat hm hm ahoj kameramanovi hm budu mluvit o kvantové gravitaci hm a uh mluvit o
kvantu gravitaci rozdélim na ¢tyfi ¢asti, prvni budu mluvit o prosté gravitaci, v druhé o kvantu
gravitace a tieti o kvantové gravitaci hned v prvni a ve druhé jen velmi rychle zopakuiji, co
vime o gravitaci a kvantu zptisobem, ktery, myslim, Ze je mi lito, Ze k fungovani potiebuji
drogy, je kofein hm zptisobem, ktery je ptizpasobeny k tomu, abych je dal dohromady, a pak
ve Ctvrté ¢asti bilé diry hm budu fesit klicovy problém kvantove gravitace, kterym je najit
experimentalni dtikaz, Ze co my déldme to je spravné nebo nespravné v kvantové gravitaci
mame problém, ktery spojuje to, co vime o ¢asoprostoru, co vime o kvantové teorii, tak to
déla kvantovy stereo ¢asoprostor um vime, ze ¢asoprostor ma kvantovou zrnitou vlastnost-
struktutu nebo jsme silng byt véite, ze tento ¢asoprostor ma kvantove vlastnosti, mame
piedbézné teorie pro popis kvantového casoprostoru tak pékného a krasného, nékteii z nés
jsou nadSeni pro jednu teorii, néktefi z nas vasen pro jinou teorii, problém je védét, zda jsou
tyto teorie spravné nebo ne a védét, Ze musime provést meteni a potvrdit nebo vyvratit
podporu nebo uh najit dtikazy pro ¢i proti teorii a to je podle mé nejzajimavéjsi ¢ast badani
hry, protoZe po viech koncepé&nich pracich na zjistovani, [co je kvantovy asoprostor] vratili
jsme se do reality a porovnali jsme tyto mySlenky s realitou a v posledni ¢asti budu mluvit o
jednom nedavném néapadu, jak zkontrolovat nase chapani kvantové gravitace pomoci bilych
dér, takze ehm ¢tyfi kapitoly prvni kapitola gravitace um gravitace samoziejmé vite co
zpusobuje pad véci, to je jméno gravitace a zpisob, jakym jsme gravitaci po dlouhou dobu
chapali, je samoziejmée skrze newtonovskou teorii newtonova teorie je newtonova predstava
understanding gravitace um nasledujicim zpasobem nejprve je tu n&jaky prostor a dovolte mi,
abych vés udé¢lal toto je maj model prostoru ve vesmiru jsou mesic, slunce objekty, které se
pohybuji, a myslenka neutronu je takova, Ze existuji sily presn¢ jako vSichni znate mezi
jakymikoli dvéma objekty mezi Sluncem a Zemi mezi Mésicem a Zemi mezi Zemi a témito
vécmi, které padaji, takze se véci pohybuji v prostoru rovny prostor je jako obrovska nadoba
vSeho, je to velmi newtonovska myslenka vesmir um véci pohybujte se pfimo v tomto druhu
obrovské krabice, kterd je trojrozmérnd, toto je jeji dvourozmérné reprezentace, ale
nepohybuji se rovné, kdyz je tam sila a sila je tazena mezi nimi, takze pokud je to Zemg, je to
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Mésic Zemg je tezsi, takze Mésic se vice pohybuje a je pFitahovan Zemi obiha dobte, ted’ jsou
na tomto obrazku dva problémy, prvnim prvnim je, jak sakra muze Zemé ovlivnit Mésic, kdyz
nic mezi tim neni déla Mésic védi, ze tam je Zemé, jsou daleko, jak na sebe mohou na dalku
pusobit, a Newton si byl velmi dobie védom této obtiznosti své vlastni teorie, dokonce tuto
myslenku nazval odpornou, Ze dvé véci se mohou navzajem ovlivnit bez niceho mezi tim, ale
to je tak trochu to nejlepsi, co mohl udélat, a je to docela dobré, co mohl udélat, druha otazka
je, co je to za véc, kterou potieboval vesmir vesmir je velmi neutronova myslenka, nez si
newton um lidé nemysleli, Zze existuje prostor ve kterém se véci pohybuji, lidé si mysleli, ze
existuji véci a prostor byl zptsob, jakym byly jedna vedle druhé, a zejména jsem si myslel, ze
neexistuje zadny prazdny prostor, protoze kdyz mezi dvéma vécmi neni nic, neni nic, v tom
piipadé je néco vzduchu a je tam vzduch, takze co je tato krabice, ve které se véci pohybuji
vSude kolem nds, coz je prostor, ktery ndm Newton zanechal, ale situace se dramaticky
zmeénila v 19. stoleti, kdy si Faraday Maxwell pti vypracovavani elektrickych sil uvédomil, Ze
Na blokovém poli je dalsi dite, na svéteé je dalsi ingredience, kterou je elektromagnetické pole
a elektromagneticke pole je néco, co je vSude kolem, tohle je muj obrazek
elektromagnetického pole, vis, pro¢ je to zluté, protoze svétlo je magnetické pole také a svétlo
je samoziejme zluté, takze jaky je smysl germanského pole, jde o to, ze pokud zde mate
néjaky naboj a také pritahujete dalsi naboj, ale ne p¥imo pies pole néjak ndboj ovliviiuje pole
pole ovliviiuje naboj a informace, Ze naboje zde putuji polem pole, nese informaci a
samoziejm¢ maxwell napsal rovnice pro pole, které je vSude kolem nas, jsme ponoieni do
tohoto pole elektrického a magnetického pole

(02)- maxwell wrote this equation said it's marvelous and somehow all the modern
technologies based on these equations and he realized fantastic things for instance that this
field can can can oscillate can wave rapidly in this rapid waves of light i mean so he
understood what light is plus he understood that this field can also wave more slowly and
these are what we call today radio waves which nobody had even suspected at the time that
they existed and this is the way you know my microphone communicate to the recorder and
we have all the modern communication so that's fantastic and that's how young einstein
learned the world is made of between maxwellised and it's just a few decades so it was very
early after maxwell that einstein came to the world that's him at the age when he got his ideas
about gravity very young so most of us here this audience and speakers in this festival are
much older than the age einstein fact most scientists did what they did um and einstein
understood that well if this is true for uh charges it should also be true for gravity right so if if
two things attract one another there should be a field in between like the electromagnetic field
that's easy so that should be an electro in a gravitational field and einstein was very convinced
of that he was uh um realized that for for ice on the maxwell equations the field was
something very real even if it was so recent his father um iceland father was working um
doing power plants in northern italy and einstein dropped school in germany he didn't like
school he he spent one year in italy doing nothing um following his family and his family this
is the power plant that uh einstein's father was building in palia when einstein went there and
of course all this work thanks to the maxwell equation okay the rotors the electric field
magnetic field and so on and so forth so einstein had a clear family presence of
electromagnetic field and he obviously understood that there should be a gravitational field so
when the earth and the moon attract one another in between there should be a field
gravitational field and here he gets his idea and his idea is spectacular should we add another
field electric field plus gravitational field well no the field is already there and is newton's
space except the neutral space is not rigid it's not fixed as einstein thought so let me take away
the rigidity it's also movable like the electromagnetic field so the uh that's einstein idea space



this newtonian rigid thing and the gravitational field which carries the gravitational force from
one particle to the other from the earth to the moon are the same thing spaces the gravitational
field are the same thing in other words this field um that brings the the the the attraction from
one side to the other is precisely space more precisely space time i'll come to thatinauhina
moment this is what i was looking for so um here's a picture where the the field itself you see
it it feels off everything in fact it is the space in which things uh uh things move he published
this theory the full uh theory of generativity with this idea worked up entirely in 1915 this is
the paper november 1915 with the full equations of gravitation and beauty is that this entire
idea is captured by essentially one equation which tells you how the the field which is space
react uh to matter and vice versa and this is a single equation of generativity written on a t-
shirt because i think that a good theory should be such that you can write the main equation
the fundamental equation of it on a t-shirt so simple so that's the question of generativity i'm
not going to enter into the details but roughly t is is matter and r is how the space curve so
everything comes out from that equation extraordinary set of marvels come out from this
equation one is that uh since space itself is curved light doesn't go through because it doesn't
go straight because there's no straight in a curved space a wise band and as you know um
bending of light was found very soon a couple of years later um but i've cheated a little bit
because in fact uh it's not space is space time which is curve so when i you think of this uh
object here which should represent space uh it can bend and stretch and and and and uh curve
um this is actually space-time so space at all different times is that bend what does a bending
of space-time mean there's a simple way of thinking about that which is the following if you
have a clock watch the main idea about clocks is that they indicate the same time right move
round come back they indicate the same time okay but it actually it is actually true that if
these were precise enough watches the following will happen if i move one of them high and
one of them low awake for a while one two three four and then i bring them back together i
look at them if these were precise enough they would indicate different times and this is not
abstract or a consequence of a theory this is something

(02)- maxwell napsal tuto rovnici fekl, ze je to uzasné a né&jak vSechny moderni technologie
zalozené na téchto rovnicich a uvédomil si fantastické véci, naptiklad, ze toto pole muze
oscilovat, muze se rychle vinit v téchto rychlych vinach svétla, myslim, takze pochopil, co
svétlo je plus pochopil, ze toto pole se také muze vinit pomaleji a to jsou to, cemu dnes
fikdme radiové viny, o kterych v té dobé nikdo ani netusil, Ze existuji, a to je zpusob, jak vite,
ze mlj mikrofon komunikuje s rekordérem a my vSichni moderni komunikace je tak
fantasticka a tak se mlady einstein naucil, Ze svét je tvofen mezi maxwellised a je to jen par
desetileti, takze bylo velmi brzy po maxwellovi, Ze einstein pfisel na svét, to je on ve veéku,
kdy dostal své ptedstavy o gravitaci velmi mladi, takZe vétSina z nas zde toto publikum a
fe¢nici na tomto festivalu jsou mnohem star$i nez vék einstein fakt vétsina védcu udélala to,
co udélala um a einstein pochopil pokud to plati pro naboje, mélo by to platit i pro gravitaci,
takze pokud se dvé véci pritahuji, mélo by mezi nimi byt pole jako elektromagnetické pole,
coz je snadné, takze by to mé&lo byt elektro v gravitaénim poli a einstein byl velmi presvédcen
o tom, ze si uvédomil, Ze pro led na Maxwellovych rovnicich je pole né¢im velmi skutecnym,
i kdyz to bylo tak nedavne, jeho otec, otec na Islandu, pracoval na elektrarnach v severni Italii
a Einstein nechal skolu v Némecku nemél rad Skolu stravil jeden rok v Italii nicnedélanim um
nasledovani své rodiny a své rodiny tohle je elektrarna, kterou stavél Einsteinav otec v Palia,
kdyz tam Einstein Sel a samoziejm¢ vSechna tato prace diky Maxwellové rovnici dobie rotory
elektrické pole magneticke pole a tak dale a tak dale, takze Einstein mél jasnou rodinnou
piitomnost elektromagnetického pole a evidentné pochopil, Ze by tam mélo byt gravitacni
pole, takze kdyZ se Zem¢& a M¢sic pritahuji, mezi tim by mélo byt gravita¢ni pole pole a tady



dostane svij napad a jeho napad je velkolepy, pokud pfidame dalsi pole elektrické pole plus
gravitaéni pole, tak Zadné pole uz tam je a je Newtonav prostor kromé neutrélniho neni
pevny, neni pevny, jak si Einstein myslel, tak mi dovolte, abych odstranil tuhost, je také
pohyblivy jako elektromagnetické pole, takze ehm, to je prostor einsteinovych predstav, tato
newtonovska tuha véc a gravitacni pole, které prenasi gravitacni silu z jedna castice k druhé
od Zem¢ k Mgsici jsou to samé prostory, gravitaéni pole jsou totéz, jinymi slovy toto pole um,
které privadi the the the the the the the the the the the the the the the the the the the other from
the earth to the other is presné space presnéji space time i za chvili na to pfijdu, to je to, co
jsem hledal, takze ehm, tady je obrazek, kde to pole samotné vidite, je to citit ze vSeho v ve
skute¢nosti je to prostor, ve kterém se véci pohybuji, publikoval tuto teorii Upln teorie
generativity s touto myslenkou zpracovana zcela v roce 1915 toto je papir z listopadu 1915 s
uplnymi rovnicemi gravitace a krasy je, ze cela tato myslenka je zachycena v podstaté jednou
rovnici, kterd vam fika, jak pole, kterym je prostor, reaguje na hmotu a naopak, a toto je
jedina rovnice generativity napsana na tricku, protoze si myslim, ze dobra teorie by méla byt
takov4, abyste mohli psat hlavni rovnice zakladni rovnice toho na tricku tak jednoducha, takze
to je otdzka generativity, nebudu zachéazet do detaild, ale zhruba to je hmota a r je prostorova
kiivka, takze z toho vSechno vychazi rovnice mimotfadna mnozina zazrakt vychazi z této
rovnice, jedna je, Ze uh, protoze samotny prostor je zakfiveny, svétlo neprochazi, protoze
nejde pfimo, protoze v zakiiveném prostoru neni zadna piimka, moudra skupina a jak vy k
nyni ehm, ohybani svétla bylo nalezeno velmi brzy o par let pozdgji hm, ale trochu jsem
podvadél, protoze ve skutec¢nosti to neni prostor je ¢asoprostor, ktery je kiivka, takze kdyz
pomyslim na tento objekt, ktery by mél reprezentovat prostor ehm, muze se ohybat a
natahovat a ehm, toto je ve skute¢nosti ¢asoprostor, takze prostor ve vSech riznych ¢asech je
ohyb, coZ znamena, Ze ohyb Casoprostoru znamena, Ze existuje jednoduchy zptisob mysleni,
ktery je nasledujici, pokud mate hodiny hodinky hlavni myslenkou hodin je to, ze ukazuji
stejny ¢as doprava pohyb dokola vratit se ukazuji stejny ¢as v poradku, ale ve skute¢nosti je to
vlastné pravda, ze pokud by to byly dostate¢né piesné hodinky, stane se nasledujici, kdyz
jednu pohnu z nich vysoko a jeden z nich nizko se na chvili probudi jedna dva tti ¢tyti a pak
je piivedu k sobég, podivam se na ng, pokud by byly dostate¢né piesné, ukazovaly by rtizné
¢asy a neni to abstraktni ani dasledek teorie. Takové placani by dokazala i uklizecka

z mateiské Skolky...Né&co

(03)- which is verified today in laboratories a difference of altitude of few centimeters okay
30 40 centimeters is enough with a good clock we do have good clocks to see that this
indicates more time than this one when you bring them back together and you look at them
what does this mean it means that time passes faster up here is lower up here down here so if
you have a brother with your same age that leave at the seaside and you go up in the mountain
you become old while he becomes remain younger when you meet again one is younger one
is older this is a fact of course the difference is very small on earth but it's definitely visible on
with sufficiently good clocks or it's an effect which becomes much stronger on say a planet or
a star which is much more um heavy and this is the reason why i thought this okay why
doesn't go straight why comes back this is no force well because look for the same reason for
which a airplane going from new york to paris doesn't go straight on that map it goes up north
and then comes back why because to move from east to west is easier if you're north because
up north the distance between east to west is smaller and now earth is curved right so an
airplane goes from new york to paris straight but in that map it does that exactly for the same
reason this goes from here to here straight but it goes up because up time goes faster so it's
convenient time wise to go from here to here going up for those of you who have some
knowledge of mathematics and remaining geometry both the path of the airplane and the path



of a ball that the two girls are throwing one another are geodesics in a curved space or curved
space time so they both go straight in a curved space time now the curvature of space-time as
you know can be so intense than can make a hole in space-time and these are the famous
black holes which when i started the school where considered strange mysterious non-existing
things in reality strange solutions here which don't exist in reality today we see many of them
this is a as the physical picture of some um some black hole and then all sorts of other things
which on the theory you know spacey time can oscillate space itself can oscillate uh make
waves these are the gravitational waves this is a machine to observe gravitational waves this is
virgo in italy there is another one in germany there are a couple of united states and of course
space itself since it can change shape it can grow and if you put it in the equations you see
that it cannot stay put so the theory predicts that the universe can either expand or contract in
fact it does we've found evidence for that so that's generativity so the key idea is that space is
not something fixed it's just a field like the electromagnetic field so the world is not made by
space time and fields but just made by fields and particles on top of one another somehow
space and time are just aspect of a field and that's what you should keep in mind about gravity
in order to go to quantum gravity and this concludes first part first chapter of this class chapter
2 um quantum so we've seen chapter one space and time which is aspect of a field now
quantum again a just a couple of key areas about quantum which is what is needed to go to
quantum uh space-time now quantum mechanics uh welcome so quantum mechanics came
out from uh measurements from observations in the uh around the turn of the century to the
19th and the 20th century and in particular the observational spectra of atoms the light that
comes from substances from the atom emitting lights is not at arbitrary frequencies but on
very specific frequencies that if you if you look for uh spectrometers you just go through a
prism uh make some lines so it was a long struggle to understand why these lines why is
certain specific why this funny specific frequency instead of arbitrary frequencies which is
what classical theory in the master equation would have uh suggested and the guy who make
the key step the final the the first person who wrote the question of quantum theory is vern
heisenberg is him and look that's again at the age in which he got his uh his step it's around 25
that's when you get great ideas in science so what did i what is heisenberg understood uh what
does heisman understand well um in his own words uh he tell the story of his understanding
of quantum theory the key insight of quantum theory he says he was in copenhagen he was
visiting bohr center which became the key place for modern physics for quantum theory of
course at the time it was just a small group of people who was heretical with respect to
everybody else right because that's the way science work um very often the ones who later
celebrate the great people small community which does something completely different than
everybody else so eisenberg tell the story that he was thinking about everything and he was
one night going out in the park and very dark this is europe 25 1925.

(03)- coz je dnes ovéteno v laboratotich rozdil nadmoiské vysky nékolik centimetra v
poradku 30 40 centimetra staci s dobrymi hodinami, mame dobré hodiny, abychom vidéli, ze
to ukazuje vice casu nez tento, kdyz je date dohromady a vy podivejte se na né, co to
znamena, ze ¢as plyne rychleji tady nahote je nize nahote tady dole, takze pokud mate bratra
ve stejném veéku, ktery odchazi u mote a vy jdete nahoru do hory, zestarnete, zatimco on
zastane mladsi, kdyz se znovu setkate, jeden je mladsi, jeden je starsi, to je fakt, samoziejme,
ze rozdil je na Zemi velmi maly, ale urcité je vidét na dostatecné dobrych hodinach nebo je to
efekt, ktery se mnohem zesili feknéme na planeté nebo hvézdeé, kterd je mnohem tézsi, a to je
davod, pro¢ jsem si myslel, Ze je to v pofadku, pro¢ neleti rovné, pro¢ se vraci, to neni sila
dobte, protoze hledejte stejny divod, Takovy pomateny vyklad by dokazala i uklizecka ...pro
ktery letadlo letici z New Yorku do Patize neleti rovné ta mama p jde nahoru na sever a pak



se vraci, pro¢, protoze piesun z vychodu na zapad je snazsi, pokud jste na severu, protoze na
severu je vzdalenost mezi vychodem a zapadem mensi a Zemé je nyni zakiivena spravng,
takze letadlo leti z New Yorku do Pafize rovn¢, ale na té mapé to déla piesné ze stejného
divodu, Ze to jde odsud sem rovng, ale jde to nahoru, protoZe Cas stoupa rychleji, takze je
vhodneé jit odtud sem a jit nahoru pro ty z vas, kteti maji néjaké znalosti z matematiky a
zbyvajici geometrie jak draha letadla, tak draha mice, ktery si ob¢ divky hézeji, jsou geodetika
v zaktiveném prostoru nebo zakiiveném casoprostoru, takze obé jdou rovné v zakiiveném
casoprostoru, nyni zaktiveni prostoru -¢as, jak vite, mize byt tak intenzivni, Ze dokaze udélat
diru do casoprostoru a toto jsou slavné cerné diry, placini jako student ktery se neucil a $el na
zkousku které kdyz jsem zacinal ve Skole, povazovali se za podivné zahadné neexistujici veci
ve skute¢nosti za podivna feSeni, ktera neexistuji realitu dnes vidime mnoho z nich, toto je
jako fyzicky obraz néjaké um néjaké ¢erné diry a pak vSemoznych dalSich véci, které podle
teorie, jak vite, casoprostor mize oscilovat tak nehezky zamlzeny primitivni vyklad sem
neslysSel ani u laikt v debatnich chatech. samotny prostor muze oscilovat uh délat viny, tohle
jsou gravitacni viny je stroj na pozorovani gravitac¢nich vin, toto je panna v Italii, dal$i je v
Némecku, existuje nékolik Spojenych stati a samoziejme samotny prostor, protoze muze
meénit tvar, mtize rust a pokud to date do rovnic, uvidite, Ze je to nemtze zustat na miste, tak
primitivni a mlhavy vyklad sem o Rovelliho necekal...takze teorie predpovida, ze vesmir se
muze bud’ rozpinat nebo smrst'ovat, ve skutec¢nosti se to stalo, nasli jsme pro to dukazy, takze
to je generativita, takze klicova myslenka je, Ze casoprostor neni néco pevného, je to jen pole
jako elektromagnetické pole, takze svét neni tvoren ¢asoprostorem a poli, ale jen poli a
¢asticemi na sobé, prostor a ¢as jsou jen aspektem pole a to je to, co byste méli mit na paméti
0 gravitaci, abyste prejdéte ke kvantové gravitaci a tim konci prvni ¢ast prvni kapitola pane,
vy jste basnik a né fyzik této téidy kapitola 2 um kvantové, takze jsme vidéli kapitolu jedna
prostor a ¢as, to co sem vudél byl zmatek na zmatek, placani pojmi bez ladu a skladu. coz je
aspekt pole, nyni opét kvantové, jen nékolik kli¢ovych oblasti o kvantu, coz je potiebovali
jsme piejit na kvantovy casoprostor nyni kvantova mechanika uh vitana, takze kvantova
mechanika vys$la z méfeni uh z pozorovani v uh kolem pielomu stoleti do 19. a 20. stoleti a
zejmena pozorovaci spektra atoma svétla ktery pochazi z latek z atomu emitujiciho svétla
neni na libovolnych frekvencich, ale na velmi specifickych frekvencich, které kdyz hledate
spektrometry, prosté projdete hranolem, udélate néjaké ¢ary, takze to byl dlouhy boj pochopit,
proc tyto cary proc je jisté konkrétni, to je blaboleni, které by ,,pochopil® i cvicitel psit nebo
ornitolog kdyby si to precetl v tramvaji do prace...urcité proc tato legracni specificka
frekvence misto libovolnych frekvenci, coz by klasicka teorie v hlavni rovnici navrhla, a
chlap, ktery udélal klicovy krok, kone¢né prvni ¢lovek, ktery napsal otazku kvantové teorie je
Vern Heisenberg je on a podivejte se, to je opét ve véku, ve kterém doséahl svého uh jeho
krok, je to kolem 25, kdy ziskate skvélé ndpady ve véde, takze co jsem udélal, co je
heisenberg rozumél tomu, ¢emu Heisman dobie rozumi hm svymi vlastnimi slovy, vypravi
piibéh o svém porozumeéni kvantové teorii klicovy pohled na kvantovou teorii fika, Ze byl v
Kodani navstivil Bohrovo centrum, které se stalo klicovym mistem pro moderni fyziku pro
kvantovou teorie samoziejmé v té dobé to byla jen malé skupina lidi, ktefi byli hereticti vaci
vSem ostatnim, spravné, protoze tak véda funguje velmi ¢asto ti, kteti pozdéji oslavuji velké
lidi, mald komunita, kterd déla néco Uplné jiného nez vSichni ostatni tak eisenberg vypravél
piibéh, Ze o v§em premyslel a jedné noci $el ven do parku a byla velka tma tohle je evropa 25
1925

(04)- and uh the park was dark there was just some lumps some spot of lights here and there
and at some point um he sees a man a man under one spot of light okay and then the man
disappears there's no man there and then he sees him appearing in another spot of light and



then again disappears he'll appear disappears through a piece okay and then disappears and
then he thinks heisman and says well of course i don't see him but he's somewhere in between
obviously a man is something you know big and heavy and he's not going to disappear and
reappear it's just and then he has a flash yeah that's for a man well what about an electron
when i see an electron here an electron there am i really sure electro is not big and heavy like
a man am i really sure that is all the way in between and he realizes um so this is the question
what about an electron if i see an electron here and i see an electron here or a small object a
radiation of a nuclear decay either i have a nucleus there's a alpha particle inside of a geiger
counter here it clicks so it was here it was here what about in between and here's the inside
that everything start making sense or more sense if we just don't assume that something
existed in between that's his heisenberg insight into quantum theory that his huge jump leap
into sort of modern physics so this is a his idea first of all reality is discrete the electron is
here pip then is here pip then something else this is a way of putting it god uh if he existed if
she existed did not draw the world with a continuous line but just dotted it right the world is
less dense than what we think classically second between one dot and the other um there is no
uh a strong deterministic law that says when is the next dot gonna happen the only
probabilities for one thing or the other to happen you know quantum mechanics give up
probability and finally reality is relational in the sense that when is it an electron exists next
time this is the all the alpha particles in the nucleus then the geiger not physical available
they're interacting with this is the core of quantum theoryof all these things perhaps the most
important is the first one is discreteness quantum theory is the realization of this sort of less
step stuff in the world than what classical theory says what is discrete and one way of viewing
this is applying quantum theory to the electromagnetic field itself okay so this is a classical
maxwell gave us a classical description of the electromagnetic field just continuously moving
space-time waves but quantum theory shows that there's a discreteness inside it's the same
kind of discreteness as the spectra of the atoms and what is the skeletons photons particles of
light look extremely small electromagnetic field the light that we see is in reality it's reality in
crack with us it's better to think about it as a cloud of small grains which are the photons so
this discreteness is a core of quantum theory okay and this profound descriptive of nature is
the same discreteness that gives the photons give the spectra of the atoms and is also the
discreteness of matter right matter is made by atoms which is made by elementary particles
what are the main tech particles are the same things as photons quanta of a field and of course
the idea that the world is discrete goes back to ancient thinkers and democritus is the one the
great physicist or the great scientist a great philosopher of antiquity who insisted and he
actually promoted the idea that the world is atomic the world is made by atoms so that's my
summary of quantum cereal quantum field theory these fields which make up the world
remember they are made by grains like quanta and these quanta the photons the electrons the
quarks the things which are the the staff of the world the quanta of the fields are particles or
grains and this concludes second chapter quantum theory so the same generativity we've seen
quantum theory now we go to the third chapter which is uh finally quantum gravity so third
chapter quantum gravity gravity space and time are aspect of the field quantum field is made
by guanta ultimately field is made by photons bring the two together it's not very complicated
the two together imply that in some sense space itself or space-time itself is discrete is made
by guanta the quanta of space where are we going to see this quanta of space well first of all
um let me be clear here we know a lot about the world because generativity functions
extraordinarily well we know a lot of the world because quantum mechanics function
extraordinary well if you believe this theories what do they say together about reality that's a
game which is a game of quantum gravity so generativity quantum theory what do they imply
together whatever they apply together is quantum gravity that's what quantum gravity is of



course we need to vision and understanding equations and then testing these equations to see
if this is the vision right

(04)- auh, park byla tma, byly tam jen n¢jaké chuchvalce, né¢jaky bod svétla sem atam a v
uréitém okamziku vidi muze, muze pod jednim bodem svétla v poradku a pak muz zmizi, neni
tam zadny muz a pak vidi ho objevit se v jiném svételném bod¢ a pak zase zmizi objevi se
zmizi skrz kus dobte a pak zmizi a pak si mysli Heisman a fiké dobie, samoziejmé ho
nevidim, ale je nékde mezi, zjevn¢ je muz néco, o znate, je velké a tézké a on nezmizi a
znovu se neobjevi, je to jen a pak ma zablesk jo, to je pro muze dobie, co elektron, kdyz
vidim elektron tady elektron tam jsem si opravdu jisty, ze elektro neni velké a t€zky jako muz
jsem si opravdu jisty, Ze je to uplné mezi tim a on si uvédomuje, ehm, takového profesora,
tedy studenta ktery by takto koktal a kdakal, by u nas na MFF Podolsky urcité vypraskal od
tabule a dal mu za 5 takze to je otazka, co s elektronem, kdyz vidim elektron tady a vidim
elektron tady nebo maly predmét vidim tam...vidim tady...vidim vidiny...zafeni jaderného
rozpadu bud’ m&m jadro, je tam alfa par ticle uvniti Geigerova citace tady to klikne, takze to
bylo tady bylo to tady, co mezi tim a tady je to uvnitt, Ze vSechno za¢ina davat smysl ale ne u
vas pane Rovelli nebo vétsi smysl, pokud prosté nepredpokladame, Ze néco mezi tim
existovalo, to je jeho Heisenberguv vhled do kvanta teorie, vhled mélo stovky fyziki ale né
kazdy vhled byl Gspésny, bylo ho nutno prokdzat i matematicky i1 observacné i expsrimentalné
a na to nestaci jen ,,jeden vhled na prochazce v parku‘ ze jeho obrovsky skok skocil do jakeési
moderni fyziky, co to je za ,,moderni vyklad do fyziky* ?? takze toto je jeho mySlenka
piedevsim realita je diskrétni elektron myslenka neni elektron...je zde pip pak je zde pip a
pak néco jiného toto je zpusob, jak to vyjadiit bih, kdyby existoval, kdyby existovala
nenakreslil svét souvislou ¢arou, pane Rovelli vas vyklad je jako o pralesnich broucich ve
Skolni vyvatrovné... ale jen to vyte¢koval spravné, svét je méné husty nez to, co si myslime
klasicky jako druhy mezi jednou teckou a druhou um, neexistuje zadny silny deterministicky
zakon, ktery tikd, kdy se stane dalsi te¢ka pouze pravdépodobnost, ze se stane jedna nebo
druha véc, vite, kvantovd mechanika se vzdava pravdépodobnosti a nakonec je realita relac¢ni
v tom smyslu, ze kdy pristé existuje elektron, jsou to v§echny alfa ¢astice v t jadro pak geiger
nenf dostupné, s nimz interaguji, toto je jadro kvantové teorie| utiizasny vyklad o tom ,,co je
kvantova teorie®... iizasnyy vSech téchto véci, mozna nejdulezitéjsi je prvni je diskrétnost,
kvantova teorie je realizace tohoto druhu mén¢ krokovych véci na svété, nez jaké klasicka
teorie fikd, co je diskrétni, a jednim ze zpusobi, jak se na to divat, a jak se divat na notovy
sesit kde se ,,povaluji muchomirky ...ze ?? je aplikace kvantové teorie na samotné
elektromagnetické pole, takze toto je klasicky maxwell, ktery ndam poskytl klasicky popis
elektromagnetického pole, jen plynule se pohybujici casoprostorové viny, ale kvantova teorie
ukazuje, Ze existuje diskrétnost uvnitf je to stejny druh diskrétnosti jako spektra atomu a jaké
jsou kostry fotony castice svétla vypadaji extrémné malé elektromagnetické pole svétlo, které
vidime, je ve skutecnosti realita v trhlin€ s nami je lepsi o tom premyslet jako oblak malych
zrn, coz jsou fotony, takze tato diskrétnost je jadrem kvantove teorie v poradku a tento
hluboky popis n ptiroda je stejna diskrétnost, kterd dava fotontim davat spektra atomi a je
také diskrétnost hmoty prava hmota je tvorena atomy, ktera je tvoiena elementarnimi
¢asticemi, coz jsou hlavni technické castice, jsou stejné véci jako fotony kvanta pole a
samoziejmée myslenka, Ze svét je diskrétni, saha az ke starovékym myslitelim a demokritos je
ten velky fyzik nebo velky védec, velky filozof starovéku, ktery trval na myslence, Ze svét je
atomovy, svét je stvorfen. atomy, takze to je muj souhrn kvantove obilné teorie kvantového
pole tato pole tvorici svét si pamatuji, Ze jsou tvoiena zrny jako kvanta a tato kvanta fotony
elektrony kvarky véci, které jsou osazenstvem svéta kvanta poli jsou éastice nebo zrna
Zopakuji svlj uz 100x proklamovany nazor : Fyzikalni pole jsou ,,stavy kiivych dimenzi*




samotné¢ho 3+3 dimenzionalniho casoprostoru...stavy které ,,plavou, jsou vnofeny* do
zékladniho 3+3D rastru — pfediva — sité, ¢asoprostorové sité plochych euklidovskych dimenzi
http://www.hypothesis-of-universe.com/docs/c/c_029.jpg ; http://www.hypothesis-of-
universe.com/docs/c/c_034.jpg Péna vakua = 3+3D casoprostoru je v fezu takovy nakres-
prumétna hustych bodl a mezer, ¢ili jednic¢ek a nul, ¢ili ,,zhusténin a zfedénin® toho
zkiiveného Casoprostru, a je nasnad¢ si domyslet, ze v t€ primétné bodi — kvant —zrn (a
mezer ) mohou tyto byt klubickama-balickama sbalenych dimenzi. Pro¢ ne ???? M¢ osobn¢
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zrnicka® jsou pfi hlubsim ohledani témi balicky-klubicky dimenzi a mezery témi
nezakfivenymi lokalitami mezi klubicky. Pro¢ ne ???? Pro¢ by mély byt témi ttvary ( do
smyckové kvantové graviatce ) néjaké ,,struny* vyrobené Vesmirem ?? ¢i pany fyziky ?? “““z
Niceho**“. Jsou to smy¢€ky z dimenzi a tyto maji charakter elementarnich ¢astic a vlastnosti
podle konfigurace kiiveni, topologie kiiveni. a tim kon¢i druha kapitola kvantova teorie,
takZe stejna generativita, jakou jsme vidéli u kvantové teorie, nyni piejdeme ke tieti kapitole,
ktera je kone¢né quantum gravitace, takze treti kapitola kvantova gravitace gravitace prostor a
¢as jsou aspektem pole kvantové pole je tvoieno kvanty kvanta v poli nemohou byt logicky
ni¢im jinym nez balic¢ky ,,z tohoto pole* ¢ili je-li pole stavem kiivého Casoprostoru, pak i
balicky jsou stavem zakiiveného sbaleného Casoprostoru, tj. sbalenych dimenzi 3+3 nakonec
pole je tvoreno fotony spoji tyto dva dohromady neni to piilis slozité, oboji dohromady
znamena, ze v ur¢itém smyslu samotny prostor nebo ¢asoprostor sdm o sobé¢ je diskrétni je
tvoien kvanty a kvanta ¢asu a kvanta prostoru nejsou nic jiného nez hodné pokiivena dimenze
— shalena dimenze do né&jakého klubicka = elementarni ¢astice hmoty. kvanta prostoru, kde
tato kvanta prostoru dobie uvidime, za prvé ehm, dovolte mi, abych byl jasny, tady toho vime
hodné o svéte, protoze generativita funguje mimotadné dobie, zndme spoustu svéta protoze
kvantova mechanika funguje mimoiadné dobie, pokud vétite témto teoriim, co fikaji spolecné
o realité, je to hra, ktera je hrou kvantové gravitace, takze generativita kvantova teorie, co
spolu implikuji, cokoliv spolu aplikuji, je kvantova gravitace, o ¢em je kvantova gravitace
Samoziejmé musime vidét a pochopit rovnice nejen to ! Pochopime-li nedokonalé rovnice,
pochopime je sice na 100%, ale tim padem nepochopime dokonale Svét. Az budou postaveny
rovnice do HDV s bali¢ky dimenzi které jsou pravou podstatou hmoty, pak i takové rovnice
pochopime. Kazdou rovnici pochopime, ale né vSechny rovnice obsahuji 100% reality. a pak
tyto rovnice otestovat, abychom zjistili, zda je to vize spravna

(05)- the equations are right so um where is quantum gravity becoming relevant well again
um this is a dramatic field in the smaller photons this is space-time i think about space for the
moment then we've got about time um in the small there should be the quanta of gravity so
quantum gravity is first about what happens a very very small scale a very small scale means
if you if you look at this and you're smaller smaller smaller using some structure okay this is
another picture of it and in fact it's not difficult to uh from from what we know from quantum
mechanics and generativity look at the scale what this is expected to happen is a scale of 10 to
the minus 33 centimeters it's a very very small scale at the very this very small scale there's
some structure that there's also some structure right there's some some um threads that makes
it um nature rhymes with itself like edwin was saying um yesterday in in his uh lectures space
is not a continuous it moves is a field but it's not a continuous as a structure the structure is
granular this grains are what makes a quantum aspect of of space so let me repeat the logic
here uh space time is a gravitational field it's the same thing so space time is a field fields are
made by grains platonic fields made by photons space itself is made by grains this is the
quanta of space this is a artistic picture movies actually movie sort of giving an intuition about
this very very short structure of of space-time where there are individual things which here
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represent as triangle tetra but the important point is that these quanta this grain of space are
not immersed in a space like sort of one sees here they are space themselves right so they are
not like photons which live on space because they live on the gravitational field interact with
the gravitational field these are themselves the space so space is made by individual grains
and the theory that we have to write is the mathematical description of the screen now these
grains of course know when they are next to one another so if we describe the the fact of
being adjacent to one another by a little line like in this picture here we have a graph and we
get a description space in which a lot of little line intersecting to one another and this is a
picture this is an image a sort of a something i did many years ago trying to give an intuition
about the small scale structure of space i was in in my hometown in verona in italy and i
basically uh bought all the key rings i could find in the city going from hardware store to
hardware store there were no keyrings in verona for several weeks after that and the idea is
that you see it's a sort of chain mail and if you follow along this um graph here uh if you make
a circle make a little loop so this is what sort of holds the space together so you can think
space at the short scale little loops this is where the name loop quantum gravity comes from is
a quantum theory of gravity which uh describe all this individual uh quantum space attached
to one another and the lines that of being attached you can think of little individual loops
going uh going around this is the same it's again a picture of um of the same thing this is the
relation between the uh the chunk of space and the graph describing them this graph have a
name they're called a spin network network because it's a network of things and spin because
in the mathematics of the theory there are spins little half integer numbers which are the
quantum numbers associated with the geometry of this uh um a chunk of space roughly when
two triangle space are adjacent to another surface in between surface as an area can be smaller
and and or larger and because quantum mechanics this area cannot be anything has just some
spectral value like the spectra of the of the of the atoms and which are given by those uh those
pins now this is space okay this is a a picture an intuitive picture of space but we want an
intuitive picture of space time so what is intuitive picture space time is this evolving so um
this is a part of the net one grain of space three grain of space that they can merge into one
and they can expand in two and you can represent it you see this yellow line it sweeps a
surface so you can represent it as something which in the technical language of a series called
spin form spin form against because the spin is there why foam because you see this is like a
foam this is a bubbles uh making a form uh little surfaces attack joining and little edges and
turn joining in in in vertices and you should think of this as a microstructure of space-time
where again the surfaces the lines are not immersed in space but are themselves what they
make uh space and this if you know some physics and you know a female graph it's like a
version of feynman graphs for space time itself what is fimograph fyman graph is a
description of this right of a field in terms of its elementary quanta interacting with one

(05)- rovnice jsou spravné, takze ehm, kde je kvantova gravitace opét relevantni um, toto je
dramatické pole v mensich fotonech, toto je ¢asoprostor, momentalné piemyslim o prostoru,
pak mame ¢as um v mala by méla byt kvanta gravitace, takZe kvantova gravitace je prvni o
tom, co se stane velmi velmi malé métitko velmi malé métitko znamena, kdyz se podivate na
toto a jste mensi mensi pomoci n¢jaké struktury, v poradku, toto je dalsi obrazek toho a ve
skute¢nosti tato fe¢ autora, zptsob vykladu, popisu je dés a hruza, je to koktani které si
dokaze desifrovat jen vysoce vzdélany studovany ¢lovek ; laik vitbec ne. Kdyby takovym
,pomatenym zpisobem* vysvétloval velitel gangu svym kompliciim, jak bude provedena
louperz banky, tak by to rozhodné nepochopili, ani jeden z nich. neni tézké z toho, co vime z
kvantové mechaniky a generativity, podivat se ha métitko, co se ocekava, ze se to stane, je
meétitko od 10 do minus 33 centimetrd, je to velmi velmi malé métitko pti velmi malém



meiitko, je tam néjaka struktura, ano, je tam struktura, ale ¢eho ? no ¢asoprostoru. Teprve tato
struktura kiivosti 3+3Dimenzi tvoii-vyrabi-reprodukuje realné elementy hmoty. je tu také
n¢jaka struktura, spravng, jsou tam n¢jaka vlakna, ceho ? no dimenzi veli¢in diky nimz se to
piiroda rymuje sama se sebou, jako by Edwin vcera na svych piednaskach tikal hm, prostor
neni spojity, pohybuje se, je pole, ale neni to pole spojita jako struktura struktura je zrnita
http://www.hypothesis-of-universe.com/docs/c/c_034.jpg tato zrna jsou to, co tvori kvantovy
aspekt vesmiru, jisté, ale jsou to ,,zrna“ = balicky dimenzi veli¢in fyzikalnich a z nich je
vyrobena hmota. To je to, co stale fyzika neodhalila. ! ! a nepochopila, protoze necte nikdo
HDV. dovolte mi zde zopakovat logiku uh, ¢asoprostor je gravitaéni pole, Spatné Feceno a
vysvétleno. Casoprostor 3+3 je-li euklidovsky plochy, je to zakladna, rastr, ptedivo, sit’, v niz
,plavou“ kiivé stavy téchto 3+3 dimenzi a tedy i pole jako je gravita¢ni .., a jsou-li jesté vice
zaktiveny (dimenze) do balicki-klubicek-kokoni, jsou to pak uz elementarni ¢astice hmoty.
je to totéz, takze ¢asoprostor je pole pole tvoii zrna platonicka pole to je vyklad jako od
Marusky z 5A vytvoreny fotony prostor samotny je tvoien zrny na planckovych skalach to
tak muze byt je-li v podobé ,,pény*. Kdyz tou pénou udélame fez je to ,,pole” bodi a mezer,
pole ,,jedni¢ek a nul®, ,,pole zhusténit a zfedénin...toto je kvanta prostoru toto je umélecky
obraz filmy vlastn¢ film dava intuici o této velmi kratke struktuie ¢asoprostoru, kde jsou
jednotlivé véci, které zde predstavuji trojuhelnik tetra ale dulezitym bodem je, Ze tato kvanta
tohoto zrnka prostoru nejsou ponoiena do prostoru, jak je vidét zde, jsou samy o sobé
prostorem, toto je véc vykladu, véc pochopeni a véc interpretace ,,skute¢nosti“. MoZnost
,pravdiva‘“ je vyklad, ze pole s kvanty zrn (vinobali¢cky dimenzi ) ,,plave* v plochém
euklidovském prostoro-casu...dtto gravitaéni pole které je tu kolem nas také ,,plave*

v zakladni ¢p miizce euklidovsky totalné rovné-ploché-nezaktivené takze nejsou jako fotony,
které Ziji ve vesmiru, protoZze Ziji v gravitacnim poli interaguji s gravitaci.“co* ma na mysli
Rovelli Ze interaguje s gravitaci ? ,,kvanta prostoru ,,? pole to jsou samy 0 sob¢ prostor, jiste :
pole jsou kiivé stavy €asoprostoru, ktera ,,plavou v zakladni mfiZce ¢asoprostoru .., to uz
opakuji mnoho let nejméné 200x v kazdém pisemném dokumentu takze prostor je tvoten
jednotlivymi zrny a teorie, kterou musime napsat, je matematicky popis obrazovky nyni tato
zrna 0 Samoziejmé vime, kdy jsou vedle sebe, takze pokud popiseme skutecnost, Ze spolu
sousedi, malou ¢arou jako na tomto obrazku, mame graf a dostaneme popisny prostor, ve
kterém se protiné spousta malych ¢ar. jeden druhému a toto je obréazek, toto je obrazek, néco,
co jsem udé¢lal pfed mnoha lety, kdyz jsem se snazil poskytnout intuici o malé strukture
prostoru, ve kterém jsem byl ve svém rodném meésté ve Veron¢ v Italii a v podstaté jsem
koupil vSechno krouzky na klice, které jsem nasel ve mésté, kdyz jsem Sel z Zelezatstvi do
zelezatstvi, ve Veroné nékolik tydnu poté nebyly zadné krouzky na kli¢e a mySlenka je
takova, ze vidite, ze je to druh fetézoveé posty, a pokud budete postupovat podle tohoto grafu
zde uh kdyz vytvotite kruh, udélate malou smycku, pro¢ to nesmi byt ,,svinuty balicek
dimenzi“ ?? takZe to je to, co drzi prostor pohromad¢, abyste si mohli myslet prostor v malych
smyckach v malem métitku, odtud pochazi nazev smyékova kvantova gravitace je kvantova
teorie stale to neni teorie gravitace, ktera popisuje vSe tento jedinec uh kvantovy prostor
spojeny jeden s druhym a ¢ary, které jsou piipojeny, mizete si piedstavit malé jednotlivé
smycky, sbalené blalicky které probihaji kolem, je to stejné, je to opét obrazek stejné véci,
toto je vztah mezi kusem prostoru a graf, ktery je popisuje, tento graf ma jméno, fika se jim
spinova sit, ?? protoze je to sit’ véci a sping, to jako ,,véci“ zvlast’ po vesmiru poletujicich a
,,spint zvIast po vesmiru poletujich ?? protoze v matematice teorie existuji rotace mala
polovi¢ni celociselnd ¢isla, ale nejen v matematice, ale i v redlu se ,,balicky-klubicka
elementarnich ¢astic otaci kolem své osy ,,symetire” i dokonce osy asymetrie ... coZ jsou
kvantova ¢isla spojena s geometrii tohoto ehm, kus prostoru zhruba, kdyZ prostor dvou
trojuhelnikt sousedi s jingym povrchem mezi povrchem, protoze oblast miZe byt mensi a nebo
VEtsi, a protoze kvantova mechanika nemdze byt tato oblast nicim, ma jen néjakou spektralni
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hodnotu, jako jsou spektra atomu a které jsou dany témi, uh t¢émi koliky, ted’ je to prostor v
poradku, toto je obrdzek intuitivni obrazek prostoru, ale my chceme intuitivni obrazek
casoprostoru, takze co je int uitivni obrazek ¢asoprostor se vyviji, takze toto je ¢ast sit¢, jedno
zrnko prostoru, tti zrnka prostoru, které se mohou sloucit do jednoho a mohou se roztahnout
na dvé a muzete to znazornit, vidite tuto Zlutou ¢aru, ktera zameta povrch takze to muzete
znézornit jako néco, co v technickém jazyce série nazvané spin, forma spin, forma opacna,
protoze rotace je tam, pro¢ péna, protoze vidite tohle je jako péna tohle je bublina uh tvorici
formu uh malé povrchy napadaji spojovani a malé hrany a zatacky se spojuji ve vrcholech a
méli byste o tom uvazovat jako o mikrostruktute ¢asoprostoru, kde opét povrchy ¢ar nejsou
ponoieny do prostoru, ale jsou samy o sobé tim, co tvofi prostor, a to, pokud znéte n¢jakou
fyziku a vy znat Zensky graf mamograf je to jako verze feynmanovych grafa pro samotny
casoprostor co je fimograf, fymanuv graf je popis tohoto pravého pole ve smyslu jeho
elementarnich kvant interagujicich s jednim dalsi,

Tezko se mi to komentuje, protoze vyklad je straSné rozharany, nesrozumitelny, je to ,,paté
pies devaté®...; ale jasné je, Ze tu je snaha o ideu ,,kvantovani ¢asoprostoru‘ samotného jako
by byl na planckovskych skalach nespojity. Mij vyklad v HDV ma snahu ukazovat ta kvanta
jakozto ,,balicky-klubitka“ topologicky provedena z dimenzi téch dvou veli¢in ,,Cas* a
»Délka® Cili 3+3 dimenzionalni ¢asoprostor

(06)- another so this is a photon which becomes to an electron and anti-electron and other
photons and so on so an electromagnetic field in space-time interacting with a drag field can
be represented by a set of female graphs which are the individual quantum interactions
between the quanta a spin form is the same for space-time itself which is nothing else as a
gravitational field the difference is that a feminine gram graph is immersed in space-time this
is space-time itself now what's the good of the feynman graph is not that it's a nice picture is
that there's some math associated to it there's some rules tonight for for computing a number
out of it and these numbers give allows us to predict what happened in the future the
probability of the future if we know what happened in the past and the same is true for spin
forms there's some numbers associated to it there's a calculation rules and so there are some
equations in the theory and i told you that you shouldn't believe a theory unless there's a
simple set of equations that you can write on a t-shirt and this is a t-shirt and these are the
equations of loop quantum gravity which give a a way of computing how the individual
quantum space evolves through space time in a discrete manner and how things you know
happen this is very good so now we have a quantum theory of gravity that's summary so far
space and time just aspect of a field the quantum field of the particle space is granular with
equations to see how it evolves so far so good the question is is that true or not and that will
be the next chapter last chapter can we test this good so last chapter um how to test this theory
of quantum gravity again first gravity is just uh space is a field second quantum theory feels
granular quantum gravity is description of the grain the quanta that make up space okay we
have the questions can we check this theory and this is the last chapter fourth chapter about
white holes now why white holes quantum gravity is relevant if you look at very very small
but we don't have machines for looking the very very small okay the lhc can see at a scale
which is small but it's hugely bigger than the actual scale of the quant of gravity so it doesn't
help here quantum gravity is relevant when nature itself does something in the very very
smalls and then gets amplified and there are two cases that we know well well this is relevant
one is the early universe there's a lot of people who study in the early universe trying to use
the equation of loop quantum gravity compute predictions and seeing the cmb and the cosmic
background radiation if we can see effects of quantum gravity effect at the beginning of the
universe this is a lot of work in that direction but i want to tell you about the other possibility



which is black holes black hole black holes we have seen they exist when i was a student at
university they told me well this is they are just solutions but they don't exist in reality that's
what my professor told me at the university never believed that professors tell you at the
university they were wrong black holes do exist in fact my book said that book by stephen
weinberg you can still look at it written in the 70s in the chapters great book fantastic book on
generativity in the chapter in black holes it says well these solutions but it's very unlikely that
they exist in the universe wrong okay great scientist one of the greatest living scientists we
have was wrong now today uh in fact we know there are other solutions of genetic which is
white holes i'll say in a moment what they are and if you typically look in the book of
generativity they say well this probably don't exist in the universe so maybe i do exist why
white holes are relevant for that well this is a actual black hole in the sky this remember is a is
a picture of the geometry of the gravitational field around it usually when we see black holes
typically they're not alone because they're black so what we see is when there's a star near to
them galaxies are full of binary things two stars two neutron stars one black hole and one stars
so if you have one black coral stars the the black hole is very attractive and typically the star
loses material which falls into black hole so we see things falling to the black hole and it
radiates a lot and that's what we actually see the jet here um is because for reasons which are
not totally clear the matter that spiral toward the black hole part of it falls inside part of it is
emitted in the north and south pole we see beautiful picture in the sky of these jets here so a
lot of matter falls into the black hole falls falls falls falls falls okay the black holes itself most
black holes we see are formed by stars which collapses a lot of matter you know atoms nuclei
protons it fall into the black hole full fall

(06)- takze toto je foton, ktery se zmeéni na elektron a antielektron ((**))
http://www.hypothesis-of-universe.com/docs/eb/eb _029.pdf a dalsi fotony a tak dale, a tak
dale , viz Uvahy, rozpracované Gvahy :
http://www.hypothesis-of-universe.com/docs/eb/eb_007.pdf takze elektromagnetické pole v
¢asoprostoru interagujici s odporovym polem ? co to je ? maze byt reprezentovano sadou
zenskych grafi, které jsou jednotlivé kvantové interakce mezi kvanty, ¢ili interakce mezi
vinobalicky a spinova forma coz by mohl byt muj vyraz ,.kroucené sbalovani* dimenzi je
stejna pro samotny ¢asoprostor, coz neni nic jiného nez gravita¢ni pole, to neni zcela pravda
protoze ,,samotny ¢asoprostor® by mé¢l byt pojiman jako ,,podkladni rastr euklidovsky, sit’,
3+3 dimenzi, predivo® a...a gravitacni pole je uz dtto stav Casoprostoru s nékolika dimenzemi
kifivymi a...a tento stav ,,kiivého ¢p* plave v ,,nekiivém euklidovském rastru“ 3+3D rozdil je
v tom, Ze zensky gramovy graf mamograf je ponoren do ¢asoprostoru no parada, dokonce
vyklad Rovelliho je to najednou totozny s tim mym, ktery ja presentuji na netu uz 20 let.toto
je samotny ¢asoprostor jen by méli fyzikové uz pochopit 1épe ze Einstein ,,zakiivil*
Casoprostor kolem hmotnych téles do ,,gravita¢niho pole* a Ze toto pole ,,plave” v plochém
nekiivém 3+3D ¢p a toto pole Einsteinovo o hladkeé krivosti pak dalsi fyzikové ,,prohlubuji®
do nespojité kvantované krivosti s ,,kvantiky* na dimenzich ( anebo ze by s ,.kvantiky dimenzi
V poli prazdnoty ?? ; Cert vi ) J4 ony kvantiky fyzik pokladdm a povazuji za ,,smycky na
dimenzi® ¢ili za nékolik smycek na nékolika dimenzich do lokalniho tvaru sbalenych...,
takze k nespojitosti nedojde a piesto je onen ,.kvantik balickem re-presentujicim hmotovy
element k cemuz je dobry Feynmaniv graf, neznamena, ze je to pékny obrazek, ale ze je

s diagramem je nim spojena néjaka matematika, dnes vecer existuji urc¢ita pravidla pro
vypocet ¢isla z n¢j a tato ¢isla nam umoziuji predpoveédét, co se stalo v budoucnosti,
pravdépodobnost budoucnosti, pokud vim, co se stalo v minulosti a totéz plati pro spinové
formy, jsou s tim spojena n¢jaka cisla, existuji pravidla vypocétu, a tak v teorii jsou n&jaké
rovnice a fekl jsem vam, Ze byste neméli vérit teorii pokud neexistuje jednoduchéa sada rovnic,
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kterou si muzete napsat na tri¢ko, a toto je tricko, a toto jsou rovnice smyckové kvantové
gravitace, které poskytuji zpusob, jak vypocitat, jak se individualni kvantovy prostor vyviji v
casoprostoru v diskrétni podobé. Kvantovany ¢p se ,,vyviji“ bud’ do formy poli nebo do formy
bali¢ku coz jsou elementarni ¢astice ( a dale tyto se sdruzuji-spoji na atomy, molekuly,
slouceniny , spojuji co do slozitosti ; anebo se ,,hromadi do velkych hmotovych téles napf.
neutronova hvézda ) zptsob a zpisob, jakym se dé&ji véci, o kterych vite, je to velmi dobré,
takze nyni mame kvantovou teorii gravitace, stale ve forme hypotézy... zadné ditkazy nemate
pouze jste Einsteinovo zakfiveni ¢asoprostoru ,,rozsekali na granule® ( ideové, hypoteticky,
abstraktn¢ ) na n¢jaka kvanta a...a pak jen provedli na papir abstraktni pokusy o matematicka
vyjidfeni kterd je zatim souhrnnym prostorem a ¢asem, pouhym aspektem pole, kvantové

pole prostoru “¢astic” = fragmentovanych dimenzi na ,.kousi¢ky* je zrnité s rovnicemi, abyste
videli, jak se zatim vyviji, h nebo ne a to bude dalsi kapitola
posledni kapitola dnesniho gulasovitého vypravéni mazeme to otestovat dobre tak posledni
kapitola hm jak znovu otestovat tuto teorii kvantové gravitace prvni gravitace je prosté uh
prostor je pole druha kvantova teorie citi granularni kvantova gravitace je popis i ,a
pro¢ ne ,,balicku* sbalenych dimenzi ???? pro¢ ne ???? Cozpak opravdu nikdo za 20 let
presentace nec¢etl mou HDV ? a nezamyslel se nad ni ?? ktera tvori prostor v poradku, mame
otdzky muzeme tuto teorii oveéfit a toto je posledni kapitola ¢tvrta kapitola o bilych diréach,
proc je kvantova gravitace bilych dér relevant, op¢t tu nasazujete pouze ideu, poze
hypotetické ,,provokace® matematickych moznosti tj. lidské abstrakce...kdyz se podivate na
velmi velmi malé, ale neméame stroje na prohliZzeni velmi velmi malych, dobte, LHC mize
vidét v metitku, které je malé, ale je mnohem vétsi nez skutec¢né métitko kvantity gravitace,
takZe to nevidi pomozte zde kvantova gravitace je relevantni, to je smiila Ze ani LHC nevidi
vase ,,zrna“ = kvanta-kousic¢ky* rozsekaného casoprostoru ?, co ? kdyz ptiroda sama déla
néco velmi malého a pak se zesili a existuji dva ptipady, o kterych dobie vime, Ze to je
relevantni, jeden je a) rany vesmir, ano, tam je na malém objemu ,husta extrémé kiiva
chaotickd péna dimenzi* a fiké se ji plazma...a ja o ni fikdm, Ze se jednak rozbaluje a jednak i
sbaluje : rozbaluji se 3+3 dimenze do globalni podoby dnesniho téméf rovného Casoprostoru
sbaluji se v té plazmé ,,balicky-geony-kokony* dimenzi do klubicek ( téch naprosto za
sadnich bude jen par : kvarky, leptony, bosony ) a klubicka v té plazm¢ ,,zamrznou co do
tvaru® a budou to elementy. TakZe v ranném Vesmiru se ¢p 1 rozbaluje 1 sbaluje soubézné...a
nejen v ranném Vesmiru, ale plati to i dnes : i dnes se globalni vesmir rozbaluje a ve vakuu na
plancovych skélach kdekoliv kolem nés ,,vznika“ ze singularit novy ¢p jakozto ,,péna vakua*
a zase se ona rozbaluje... atd. (podrobné&jsi vyklad jindy) hodné lidi se snazi studovat v raném
vesmiru pouzit rovnici smyckové kvantove gravitace a proc¢ fyzikové uz = jesté nepovazuji tu
,»smycku* za ,,vlnobalicek = kvantik* sbalenych dimenzi ??? pro¢ ne ??? vypocitat
piedpovédi a vidét cmb ? a zareni kosmického pozadi, pokud muzeme vidét G¢inky efektu
kvantové gravitace na zacatku vesmiru, je to v tomto sméru hodné préce, ale chci vam fict o
druhé moznosti, kterou jsou ¢erné diry cerné diry cerné diry, jsme vidéli, ze existuji, kdyz
jsem byl studentem na univerzit¢, fekli mi dobte, Ze to jsou jen matematicka feseni, ale ve
skutec¢nosti neexistuji, to je to, co muj profesor t stary ja na univerzité nikdy nevéfil, ze vam
profesofi na univerzité fikaji, ze se mylili ¢erné diry ve skute¢nosti existuji v mé knize bylo
napsano, ze kniha od Stephena Weinberga stale se na ni mtzete podivat napsana v 70. letech
v kapitolach skvéla kniha fantasticka kniha o generativité v kapitole o cernych dirach je
napsano, ze tato feSeni jsou dobie, ale je velmi nepravdépodobné, Ze ve vesmiru existuji
Spatné, skvély védec, jeden z nejvétsich Zijicich védcu, jaké mame, se dnes mylil uh ve
skute¢nosti vime, Ze existuji i jina geneticka feseni, coz je bilé diry, za chvili feknu, co to je, a
pokud se obvykle podivéate do knihy generativity, feknou dobie, Ze toto pravdépodobné ve
vesmiru neexistuje, takze mozna existuji, pro¢ jsou bilé diry pro tuto studnu relevantni.



skute¢na cerna dira na obloze, kterou si pamatujeme, je obrazek geometrie gravitac¢niho pole
kolem ni, obvykle kdyz ¢erné diry vidime, obvykle nejsou samy, protoze jsou ¢erné, takze to,
co vidime, je, kdyz tam jsou' hvézda blizko nich galaxie jsou pIné binarnich véci dvé hvézdy
dvé neutronové hvézdy jedna ¢erna dira a jedna hvézda, takze pokud mate jednu ¢ernou
koralovou hvézdu, ¢erna dira je velmi atraktivni a hvézda obvykle ztraci materiél, ktery
spadne do cerné diry, takze vidét véci padajici do ¢erné diry a hodn¢ to vyzatuje a to je to, co
ve skute¢nosti vidime ten vytrysk, protoze z davoda, které nejsou zcela jasné, hmota, spirala
smérem k ¢erné dite, jeji cast spada do jeji casti je emitovana dovnitt severni a jizni pOl
vidime na obloze krasny obrazek téchto vytryski, takze spousta hmoty pada do ¢erné diry
pady pady pady dobie samotné ¢erné diry vétsina ¢ernych dér, které vidime, je tvorena
hvézdami, které se hodné zhrouti hmota, kterou znate atomy jadra protony to spadne do cerné
diry plnym péadem

(07)- fall fall fall what happened to the matter that falls into black hole i go to the center and
the present answer is that we have no idea so we know very well what a black hole he is we
know very well the surface of black hole will happen we know the geometry inside we know
the fields we know how matter moves inside we know that everything gets to the center and in
the center we have no idea why they have an idea because if you use generativity the
equations lose making sense everything becomes infinite is what is called singularity the thing
doesn't make sense at all but nature is and happens so something is going to happen there and
things fall to black hole and what could happen well the reason we don't know of course is
because their quantum mechanics become important so you need a quantum theory of gravity
and what is a quantum theory of gravity likely telling you well you know everything becomes
very small and then there's a quantum phenomena a quantum mechanics allows things which
are forbidden classically typically for instance take a nucleus uranium nucleus is an alpha
particle inside and classically could never get out but it does get out and that's productivity
classically an arrhenius nucleus is sort of stable or less in some approximation quantum
mechanics is not classically a black hole is stable it's going to stay there forever quantum
mechanically not so here is what it's likely to happen this is a black hole a matter falls inside
get a very small and then explodes and the intermediate so matter falls in compress
horrendously become very small we call it planck star  he stage where matter is maximally
sgueezed then quantum mechanics come in it does the same thing it does on atoms it does the
same thing it does on nuclei quantum mechanics produces sort of repulsive force and
everything gets compressed and then bounces out bounces out and makes what well the same
thing that you know if you take a ball i think bringable but you can visualize it let it go goes
down it compressed and one and then what then it bounces up right so the bouncing up white
hole black hole everything can come in white because this is going to be fast right boom
boom but do we see black hole for long aha remember the guys one up and one down short
time for this long time for that if you compute the time that passes that lapses inside the
outside the star watches that it doesn't have to be the same time it's much longer for the same
reason fowhich the mountain is much longer except that now the difference of gravity
gravitational potential inside the black hole and outside is huge much much bigger than
betweebecome very old and in fact one millisecond inside can correspond to 10 billion years
outside for a stellar black hole so here's a picture of black hole star collapses boom boom
explodes immediately but because of time dilation if i look at it from the outside i see it as
slow motion so i say boom 10 billion years i'm not going to wait and then and that's what the
black hole we see in the sky is it's a collapse it's a bouncing star seeing in slow motion very
very slow motion now do we have a chance to see anything like that well remember that the
universe exploded in a big big bank so long long ago everything was very hot and um and



compressed so this is expanding universe we are here we have so late in time 10 billion years
for 15 whatever 14 billion years from the big bang where our radio telescope imagined that
long long ago when the universe was small black hole formed why well because it's very hot
everything happens and then it's likely that it was possible we're not sure we don't know that
matter collapsed in the strong fluctuations of density and everything at the time so black for
whole forms there uh the matter falls in immediately bounces out but in the meanwhile
outside a lot of time has lapsed okay so when it actually the white hole actually explodes is
now and when it explodes it's going to make a boom like everything which explodes so it
makes a signal that we might see it so here's the idea maybe we can see today some signals
that came from black hole which collapsed at the early universe and are exploding today now
recently a small group of people have computed the aspect of this signals and came out with a
certain wavelength and it turns out that this wavelength is very similar to things which
actually have been observed which are called fast radio bursts not long ago by radio
telescopes so this is the radio this is a signal and it's a it's a very short burst it's a more

(07)- péad pad péad co se stalo s hmotou, kterd pada do ¢erné diry ? Jdu do stredu a sou¢asna
odpovéd’ je, ze nemame ponéti, jenze panové rozliSujte hmotu a hmotnost, to neji jedno a to
stejné takze moc dobfie vime, jaka je ¢erna dira, zname velmi dobte jeji povrch ¢erna dira se

vime, Ze se vSe dostane do stiedu a do stiedu netusime, pro¢ maji napad, protoze kdyz
pouzijete generativitu, rovnice ztrati smysl rovnice a co realita ?, ta ztraci ¢i neztraci smysl ?
vSe se stava nekonecénym je to, cemu se tika singularita, co to je ,,vse* ?? aco| se stava
,nekoneénym™ ? co ? véc nedava vubec smysl, ale pfiroda je a déje se, takze se tam néco
stane a véci spadnou do ¢erné diry a co by se mohlo stat, divod, pro¢ to samoziejme nevime,
je protoze jejich kvantova mechanika se stava dulezitou, takze potrebujete kvantovou teorii
gravitace a to, co je kvantova teorie gravitace, vdm pravdépodobné tika, zZe vite, ze jenze
tvrdite, ze ,.kvantujete* Casoprostor té gravitace, ¢ili toho Casoprostoru gravitaci zakiiveného ;
a tak tu snite o tom, ze k poznani ,,co se stava v ¢erné dife* potiebujete ,,kvantovat
casoprostor kiivy“-gravitacni pole vSechno se stava velmi malym a pak je tu kvantovy jev,
ktery kvantova mechanika umoziuje. které jsou klasicky zakéazany typicky napiiklad vezmou
jadro uranové jadro je alfa ¢astice uvniti a klasicky se nikdy nemize dostat ven, ale dostane se
ven a to je produktivita klasicky arrhenius jadro je jaksi stabilni nebo méné v n&jakém
piiblizeni kvantova mechanika klasicky neni ¢erna dira je stabilni, ziistane tam navzdy
kvantové mechanicky ne tak tady je to, co se pravdépodobné stane tohle je ¢erna dira hmota
spadne dovniti se velmi mala a pak exploduje a meziprodukt, takZze hmota spadne do
komprese se strasné zmensi fikdme tomu planckova hvézda, toto povidani je basen ? nebo
matematicka abstrakce ? anebo experimentalné potvrzeny fakt ? faze, kde je hmota
maximalné stlacena, pak prichazi kvantova mechanika, déla to same, co déla s atomy, déla to
samé, co déla s jadry, kvantova mechanika vytvaii jakousi odpudivou silu odpudivou silu

., Vytvari matematika anebo Vesmir sam v realu ? a vechno se stlacuje a pak se odrazi ven
jisté : co se stlaci to se jednou pak odrazi ven, €ili vybuchne = to je lidska skuSenost s
,motoutl ale...ale jaka je skutecnost kdyz budeme ,,stlacovat ¢asoprostor ? ¢ili K RIVIT
dimenze dvou veli¢in.? Tady nam Pfiroda zifejmé ukazuje néco jiného, opac¢ného : Big-bang,
kdy ,,minuly* Vesmir, stav pied Treskem, se ptiblizil k totalni absolutni plochosti 3+3D a...a
najednou ,,vybuchnul* tento plochy stav ¢p ( zména stavu ) do extrémné kiivého stav ¢p =
plazma po Velkém Ttesku. Pak nastane ona geneze : a) rozbalovéani dimenzi ¢p a b) sbalovani
lokalit ¢p, tj. dimenzi do balickt odrazi se a udé¢la totéz, co vite, kdyz vezmete mi¢, myslim,
Ze je to prinesitelné, ale mizete si to piedstavit nech to jit jde to dola je to stlacené a jedna a
pak co pak se to odrazi nahoru doprava, takze odraz nahoru bilé dira ¢erné dira vSechno mtize



piijit v bilé, protoZe to bude rychlé spravné bum bum, ale vidime ¢ernou diru dlouho aha
pamatujte chlapi jeden nahoru a jeden dola kratky ¢as na tak dlouhou dobu za to, Zze pokud
spocitate ¢as, ktery uplyne, ktery uplyne uvniti, hvézda sleduje, Ze to nemusi byt stejny cas, je
to mnohem delsi ze stejného divodu, pro ktery hora je mnohem delsi, kromé toho, Ze nyni je
rozdil gravitacniho gravitac¢niho potencialu uvniti ¢erné diry a vnéjsku obrovsky mnohem
mnohem VéEtsi nez mezi sebou, stava se velmi starym a ve skutec¢nosti jedna milisekunda
uvniti muze odpovidat 10 miliardam let venku Tempo plynuti ¢asu také podléha ,,Big-bangu*
¢ili na jedné strané kiivost asu Zadné a na druhé¢ strané kiivost Casu extrémni...a to je v STR
jako pootaceni soustav 0 90° , intervaly na ,,soufadnici vodotovné*“ budou jednotkové (
jednotka miiZze byt libovolna ...skoronula nebo skoronekonecno ) a na souradnici pootocené o
90° budou jednotkové intervaly nekoneéné nebo nulové. To je STR = pootaceni soustav a
spousténi intervalti ze soustavy ,,letici do soustavy Pozorovatele. pro hvézdnou ¢ernou diru,
takze tady je obrazek zhrouceni hvézdy bum bum okamzité exploduje, ale kvuli dilataci ¢asu,
kdyz se na to podivam zven¢i, vidim to jako zpomaleny pohyb, efekt pooti¢eni soustav
,,pozorované® v soustaveé ,,pozorovatele” pasované do klidu takze ¥fikdm bum 10 miliard let,
nejdu ¢ekat a pak a to je to, co vidime na nebi, ¢erna dira, je to kolaps, je to poskakujici
hvézda, ktera vidi zpomaleng, velmi zpomalen¢, ted’ mame Sanci néco takového vidét, dobie
si pamatujte, ze vesmir explodoval ve Velkém Tiesku tak davno, co bylo v§echno velmi horké
a um a stlacené, takze tohle je rozpinajici se vesmir, jsme tady, mame tak pozdé v ¢ase 10
miliard let za 15 bez ohledu na to, 14 miliard let od velkého tresku, kde si nas$ radioteleskop
tak dlouho predstavoval pied tim, kdyz byl vesmir mala ¢erna dira, vznikla, pro¢ dobie,
protoze je velmi horké, vSechno se déje a pak je pravdépodobné, Ze to bylo mozné, nejsme si
jisti, Ze nevime, ze se hmota zhroutila ziejmée se ,,porouchaly* ony topologicky kiivé
zamrznuté bali¢ky dimenzi pii silnych fluktuacich hustoty a vSeho pfi ¢as tak cerny pro celé
formy tam uh, hmota se okamzité odrazi, ale mezitim venku uplynula spousta ¢asu, takze
kdyz to skute¢né vybuchne, bila dira je ted’ a kdyZ vybuchne, udéla to rozmach jako vsechno,
co exploduje, takZe to dava signal, ze bychom to mohli vidét, takZe tady je napad, moZna dnes
muzeme pozorovat z vesmiru néjaké signaly, které pochazeji z ¢erné diry, ktera se zhroutila v
raném vesmiru a dnes exploduji, nyni neddvno mala skupina lidi vypocitala aspekt téchto
signala a vychazely s urcitou vinovou délkou a ukazalo se, Ze tato vinova délka je velmi
podobna vécem, které byly skute¢né pozorovany a kterym se nedavno radioteleskopy
nazyvaly rychlé radiové zablesky, takZe toto je radio, toto je signdl a je to a je to velmi kratka
davka, je to vice

(08)- or less the right wavelength and the question is are these signals which have been
observed produced by the white hole exploding that were formed in the early universe the
answer to this question is we don't know okay this is not something which has been confirmed
this is not something which is certain this is not something but is a attempt to see an effect
which is a general quantum mechanical effect because the bouncing of the whole general
guantum mechanical effect which we could see together today and which would tell us
something about the um the quantum property of gravity and which could confirm of this
confirm the set of basic equations of loop quantum gravity which i showed you or tell us
something directly about quantum gravity until we don't have observation of this kind now
this might work or might not work it might turn out that this fast value burst or something else
completely unrelated may turn out that there are no not enough um black holes in the early
universe to see them today or you may turn out that's that's what it is and then we would say
yeah great we got it okay so this is a situation today um let me just summarize the story here
four chapters first one i gave you a sort of ten minute versions of general relativity the core of
generativity is understanding that there is a gravitational field the space time the two things



are actually the same so space time is just a field the universe is not made by space time
matter the unit is made by fields and these fields have features that allow them on the large
scale to describe them as space as time as matters protons as photons as night sky as people as
you and us talking with smiling young kids everything feels second fields are have discrete
aspects this is what core of quantum theory probabilistic aspect relational hospitals discrete
apps so they're made by quanta there's no infinity in the world you cannot cause infinitely
small you cannot go infinitely large the discreteness and this quanta the photons for the
electromagnetic field are the quanta of gravity the atoms of gravity the grains of space which
make up a gravitational field and their space there is a theory for describing that which is loop
quantum gravity which is written in terms of spin networks which are the states which gives
the short scale description of this grain of space attach one another and spin forms ways of
computing the way these evolve okay and i've just flashed the equations of spin forms it's like
finding diagrams but not for particles for front of space themselves and finally in the last
chapter i've told you that the effort now is try to see whether these equations describe the
world or not and to do that right or wrong to do that one has to look for observable
consequences i illustrated one of the tracks that we're following hope maybe a small hope but
i hope that perhaps the quantum gravitational balance of a black hole into a white hole could
be observable and even perhaps could have been already
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observed thank you

(08)- nebo méne¢ spravna vinova délka a otazkou je, zda jsou tyto signaly, které byly
pozorovany pii explozi bilé diry, které se vytvotily v raném vesmiru, odpovéd’ na tuto otazku
je, ze nevime, dobie, neni to néco, co bylo potvrzeno, Ze to neni néco, co je jisté, Ze to neni
néco, ale je to pokus vidét efekt, ktery je obecnym kvantové mechanickym efektem, protoze
odrazeni celého obecného kvantové mechanického efektu, ktery jsme dnes mohli vidét
spole¢né a ktery by ndm fekl néco o kvantové vlastnosti gravitace a co by to mohlo potvrdit,
potvrdit sadu zékladnich rovnic smyc¢kové kvantové gravitace, ale krom perfektni matematiky
,»pro smyckovou gravitaci“ by bylo zapottebi hlubokého vysvétleni ,, pfo€ chtéji fyzikové ten
Einsteintiv gravitacné kiivy ¢asoprsotor kvantovat, rozsekavat dimenze ? A pro¢ nemaji
zajem na Uvahach ,,sbalovani-bali¢kovani* dimenzi ¢p do klubi¢ek nikoliv do ,,kvant*, které
bude mit formu ,,pény* ( Casoprostorové peny v prvni fazi pény chaotické v dalsich fazich
pény se geneticky vyvijejici do globélniho Vesmiru a do minivesmiru na urovni jadernych
interakci...pro¢ ne ? V ¢em je smysl ,,kvantovani gravitace®, tedy zakiiveného ¢p kolem
téles 7 kterou jsem vam ukazal nebo nam reknéte p¥imo néco o kvantové gravitaci, dokud
nebudeme mit pozorovani tohoto druhu nyni, mohlo by to byt fungovat nebo nemusi
fungovat, muze se ukazat, ze tento rychly nartst hodnot nebo néco jiného zcela
nesouvisejiciho se mize ukazat, Ze v raném vesmiru neni dostatek ¢ernych dér a proc to
chcete évdét ? jaky to ma smysl ? vidét je dnes, nebo se mize ukéazat, ze to tak je, a pak
bychom tekli ano, skvélé, madme to v pofadku, matematicky na papife...takze toto je dne$ni
situace, dovolte mi jen shrnout piibsh zde &tyii kapitoly], > ¢ili gravitace podle Rovelli ve
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< foto z jeho videa - ¢ili gravitace podle Rovelli ve ¢tyfech uhlech pohledu

prvni jednu jsem vam dal néjakych deset minutové verze 01) obecné relativity jadrem
generativity je pochopeni, Ze existuje gravitacni pole, ¢asoprostor, obé véci jsou ve
skute¢nosti stejné, takze ¢asoprostor je jen pole, vesmir neni tvoien hmotou ¢asoprostoru,
jednotku tvofi pole a tato pole maji vlastnosti, které jim umoznuji ve velkém méftitku je
popsat jako prostor jako ¢as, protony jako fotony jako noéni oblohu jako lidi jako vy a my,
mluvime s usmévavymi malymi détmi, vSe, co se zda, ze 02) druhda pole jsou, maji diskrétni
aspekty, to je jadro quanta fotony pro elektromagnetické pole jsou kvanta gravitace atomy
gravitace zrna prostoru, ktera tvori gravitacni pole a jejich prostor existuje teorie pro popis
toho, co je 03) smyc¢kova kvantova gravitace, kterd je zapsana pomoci spinovych siti, které
jsou stavy, které poskytuji stru¢ny popis tohoto zrnka prostoru, vzajemné se pripojuji a rotuji
formy, zpasoby vypoétu zpusob, jakym se vyvijeji, jsou v poradku a prave jsem si prohlédl
rovnice rotujicich tvard, je to jako hledani diagrami, ale ne pro ¢astice na piedni strané
prostor samy o sob¢ a nakonec v minulé kapitole jsem vdm fekl, Ze snahou je nyni pokusit se
zjistit, zda tyto rovnice popisuji svét nebo ne, a délat to spravné nebo $patné, abyste to udélali,
musite hledat pozorovatelné disledky, ilustroval jsem jeden z stopy, které sledujeme, doufaji
mozZna v malou nadéji, ale doufam, Ze mozna 04) kvantova gravitacni rovnovaha ¢erné diry
do bilé diry ?? tento ne-smysl nechapu by mohla byt pozorovatelna a mozna dokonce mohla
byt jiz bylo pozorovano.

Dekuiji.

To byl systémové mozna konzistentni vyklad, ale popisné didakticky vice spiS rozervany,
nesrozumitelny, gulasovity, zmate¢ny a fyzikalné malo profesionalni. (1) Za takovy vyklad by
student vysové Skoly MFF dostal u tabule za 4 ...; a tohoto ,,zmatecného* Rovelliho opé&voval



do nebes, doslova famo6zné¢, pan prof. Podolsky...divim se moc...., ¢imz kvality pana
Podolského u mé klesly, o dva fady nez byly ,,pted jeho chvalozpévem Rovelliho* .
JN, kom 28-30.10.2021
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Pozndmka z WIKI

Obecna teorie relativity a ramec ACDM jsou v souc¢asnosti standardni tradici a piedstavuji
paradigma konkordance. Nicméné dlouhotrvajici oteviené teoretické problémy, stejné jako
mozné nové pozorovaci problémy vyplyvajici z explozivniho rozvoje kosmologie v
poslednich dvou desetiletich, nabizeji motivaci a vedou velké mnozstvi vyzkumu, ktery je
tieba vénovat konstrukci riznych rozsifeni a modifikaci. VSechny rozsifené teorie a scenare
jsou nejprve zkoumany ve svétle teoretické konzistence a poté jsou aplikovany na razna
geometricka pozadi, jako jsou kosmologicka a sféricka symetricka. Jejich piedpovédi na
arovni pozadi i poruch a tykajici se kosmologie v ranych, stiednich a pozdnich dobéch jsou
pak konfrontovany s obrovskym mnoZzstvim pozorovacich dat, které jsou astrofyzika a
kosmologie v posledni dobé schopny nabidnout. Teorie, scénare a modely, které Gspésné a
efektivné projdou vyse uvedenymi kroky, jsou klasifikovany jako zivotaschopné a jsou
kandidaty na popis ptirody. Uvadime nedavny vyvoj v oblasti gravitace a kosmologie,
piedstavujeme soucasny stav techniky, upozoriiujeme na oteviené problémy a nastinujeme
sméry budouciho vyzkumu. Jeho realizace je provadéna v ramci COST European Action
"Cosmology and Astrophysics Network for Theoretical Advances and Training Actions™.

General Relativity and the /ACDM framework are currently the standard lore and constitute
the concordance paradigm. Nevertheless, long-standing open theoretical issues, as well as
possible new observational ones arising from the explosive development of cosmology the
last two decades, offer the motivation and lead a large amount of research to be devoted in
constructing various extensions and modifications. All extended theories and scenarios are
first examined under the light of theoretical consistency, and then are applied to various
geometrical backgrounds, such as the cosmological and the spherical symmetric ones. Their
predictions at both the background and perturbation levels, and concerning cosmology at
early, intermediate and late times, are then confronted with the huge amount of observational
data that astrophysics and cosmology are able to offer recently. Theories, scenarios and
models that successfully and efficiently pass the above steps are classified as viable and are
candidates for the description of Nature. We list the recent developments in the fields of
gravity and cosmology, presenting the state of the art, high-lighting the open problems, and
outlining the directions of future research. Its realization is performed in the framework of the
COST European Action "Cosmology and Astrophysics Network for Theoretical Advances
and Training Actions",
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