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(01)- The Holy Grail of theoretical physics is to come up with a quantum theory of gravity
but after a century of try we really have no idea how close we are or if it's even possible but
we shouldn't feel bad because it turns out that the universe is doing everything in its power to
make this as difficult as possible well perhaps it's just telling us that quantum gravity isn't
possible should we take the hint our modern theory of gravity was discovered a little over a
century ago with Albert Einstein's general theory of relativity and then just a little under a
century ago we discovered quantum mechanics which would become our modern theory of
everything except gravity it was an exciting decade or so for physics but then things slowed
down we've spent the following 100 years trying to reconcile these two theories and bring
them together into a single Master Theory of Everything the most common approach to this
reconciliation has been to try to make gravity quantum after all we got a theory of quantum
electromagnetism by quantizing the electromagnetic field the result was quantum
electrodynamics in which the force of electromagnetism can be described by the exchange of
a single Quantum of this field which turns out to be the photon the same basic procedure led
to the Discovery and quantization of the strong and weak nuclear forces with their Associated
particles gluons carrying the strong force and w and z bosons carrying the weak so if three the
four forces of nature are quantum surely quantizing gravity is an essential step on the path to a
final Theory and if the gravitational field is quantized then it should be made up of Quant
gravity should be mediated by its own Force carrying particle we call this hypothetical
particle the graviton detection of the graviton would allow us to confirm gravity's Quantum
nature and even test out theories of quantum gravity such as string theory and loop quantum
gravity we've talked about these theories in the past they are mathematically very dense and
involve quite a bit of speculation and some have argued that we are getting way way ahead of
ourselves with these theories So today we're going to get right back to the basics to do that
we'll follow some of the thinking of Freeman Dyson who helped shape quantum theory from
near the beginning and thought about the most fundamental questions for all his long life we'll
see what he had to say about whether it's even imposs to detect a graviton something we need
to do in order to verify that gravity really is quantum but first we're going to follow another
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musing of Dyson's in which he asks whether the same trick that told us that electromagnetism
must be a Quantum force can also be applied to gravity the quantum nature of
electromagnetism was the very first clue that led to the quantum Revolution it first showed up
in the mathematical trick that Max plank used to explain thermal radiation and this inspired
Einstein to take the quantization of electromagnetism seriously in order to explain the
photoelectric effect now we understand that the electromagnetic field and electromagnetic
waves AKA light can be described as being composed of countless tiny and individual
packets of energy called photons Plank and Einstein's discoveries were clues that led to the
full development of quantum mechanics in the mid 192 which was followed quickly by our
full quantum theory of electromagnetism Quantum electrodynamics but even before
electromagnetism was properly quantized Neils B and Leon Rosenfeld came up with a strong
argument that this Force must be fundamentally Quantum I'm going to go through this
thought experiment because maybe if it works for electromagnetism we can also use it to
argue for gravity being Quantum let's start with a simple particle in motion at any point in
time particle has a position and a momentum if this is a Quantum particle then it's impossible
to simultaneously measure both of these properties with perfect Precision if we try to measure
the position very precisely then the uncertainty in the momentum increases if we try to
measure the momentum as perfectly as possible then the position becomes undefined and it's
not just that we lost the certainty in one property by bumping it or whatever when we tried to
or the other the Heisenberg uncertainty principle is a fundamental limit to the knowability of
the quantum world and we talk about this fundamental in this video this trade-off between the
knowledge we can possess about a Quantum system applies to many pairs of properties
position versus momentum energy versus time one AlS of polarization or spin versus a
perpendicular axis and many more so if the electromagnetic field is quantum in nature then
concy principle should apply to our attempts to measure this field okay back to our particle in

(01)- Svatym gralem teoretické fyziky je pfijit s kvantovou teorii gravitace, ale po stoleti
pokusti opravdu netusime, jak blizko jsme a jestli je to vilbec mozné, ale neméli bychom se
citit Spatné, protoZe se to oto€ilo na to, Ze vesmir déléa vSe, co je v jeho silach, aby to bylo co
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Gravitacni pole je sice zakiivenym casoprostorem ( respektive naopak), ale toto zaktiveni
nepiesehuje kiivost kuZelosecek. A toto pole nevydava excitovany bali¢ek ,,sbalenych
dimenzi* jako to dé€laji ostatni fyzikalni pole (fotony, gluony, Z,W)...kdybychom si vzali
naznak, Ze naSe moderni teorie gravitace byla objevena pied vice nez sto lety s Albertem
Einsteinova obecna teorie relativity| a teprve pied necelym stoletim jsme objevili kvantovou
mechaniku, ktera se stala nasi moderni teorii vSeho, kromé gravitace, pro fyziku to bylo
vzrusujici desetileti. Ale pak se véci zpomalily, stravili jsme nésledujicich 100 let pokouset se
sladit tyto dv¢ teorie a spojit je do jediné hlavni teorie vSeho nejbéznéjSim piistupem k tomuto
usmifeni bylo pokusit se udélat gravitaci kvantovou. Nejde to 1 proto, ze gravitace je
nelinearni a interakce elementarnich ¢astic hmoty jsou linearni... Nakonec jsme ziskali teorii
kvantového elektromagnetismu kvantovanim elektromagnetického pole, vysledkem byla
kvantova elektrodynamika, ve které Ize silu elektromagnetismu popsat vyménou

tohoto pole, které se ukaze jako [foton), stejny zakladni postup ved! k objevu a
kvantovani silnych a slabych jadernych sil s jejich pfidruZzenymi ¢asticemi nesoucimi
silnd sila a W a Z nesouci slabé, takze pokud jsou tii, Ctyfi prirodni sily kvantové,




kvantovani gravitace je jist¢ zasadnim krokem na cesté ke kone¢né teorii, @ pokud je
gravita¢ni pole kvantovano, pak by mélo byt tvofeno kvantem gravitace, by méla byt
zprostiedkovana vlastni ¢astici nesouci silu, kterou nazyvame hypoteticka Castice,
gravitonova detekce by nam umoznila potvrdit \kvantovou povahu gravitonu| ne,
graviton neexistuje.., kfivost dimenzi gravitaéniho pole neptesahuje 90° ... a dokonce
otestovat teorie kvantové gravitace, jako je teorie strun a \smyékové kvantova gravitace\, a

V tom to je, Ze gravitace pole kiivych dimenzi nedosahuje kiivosti sbalenych dimenzi 0
kterych jsme mluvili tyto teorie v minulosti jsou matematicky velmi husté ??!! a zahrnuji
docela dost spekulaci a n¢kteti tvrdili, Ze se s témito teoriemi dostdvame daleko pted sebe,
takZe dnes se vratime zpét k zakladim, abychom to dokézali. Bude nasledovat nékteré
myslenky Freemana Dysona, ktery pomahal formovat kvantovou teorii od samého pocatku a
premyslel o nejzakladnéjsich otazkach po cely sviyj dlouhy zivot, (Pokud Dyson pouze lezel a
ziral pred sebe a ,,pfemyslel a premyslel”, tak to je pak moc malo...) uvidime, co fekl o tom,
zda je viibec nemozné detekovat [graviton néco musime to udglat, tak délejte...abychom si
overili, ze gravitace je skutecné kvantova, ale nejprve budeme sledovat dalsi Dysonovo
premysleni, ve kterém se pta, zda stejny ,? ktery nam fekl, Ze elektromagnetismus musi
byt kvantova sila, 1ze také pouzit na gravitaci. Kvantova povaha elektromagnetismu byla
upln¢ prvnim voditkem, které vedlo ke kvantové revoluci, poprvé se ukazalo v
matematickém triku, ktery Max Planck pouzil k vysvétleni tepelného zateni, a to inspirovalo
Einsteina, aby vzal kvantovani elektromagnetismu vazné&, aby nyni vysvétlil fotoelektricky
jev. Chapeme, Ze elektromagnetické pole a elektromagnetické viny AKA svétlo 1ze popsat
jako slozené z bezpoc¢tu malych a balicku energie zvanych fotony vsechny
elementarni castice jsou >bali¢ky< dimenzi dvou ¢asoprostorovych veli¢in, krom toho
jediného hypotetického graviton, co neni balickem... Plank a Einsteinovy objevy byly
voditky, které vedly k plnému rozvoji kvantové mechaniky v poloviné roku 1902, ktery byl
rychle nasledovan nasi Gplnou kvantovou teorii elektromagnetismu, Kvantova
elektrodynamika, ale jesté predtim, nez byl elektromagnetismus spravné kvantovan, Neils
Bohr a Leon Rosenfeld pfisli se silnym argumentem, ze tato Sila musi byt zasadné kvantova,
projdu si timto mySlenkovym experimentem, protoze mozna, pokud to funguje
elektromagnetismus, miizeme ho také pouzit k argumentaci, ze gravitace je kvantova, ne,
nemiizeme ho pouzit k argumentaci ,,pro kvantovani“ gravitace PROTOZE gravitaéni
zakfiveni dimenzi ¢asoprostoru nepiesahuje 90° ... zaénéme s jednoduchou &astici v pohybu v
libovolném ¢asovém bodé, ma polohu a hybnost, jisté, ale graviton neni ¢astice !!! je
to chiméra. Kazda ¢astice musi byt ,,bali¢ek” z dimenzi a to graviton neni... pokud se jedna o
|kvantovou éésticil, pak neni mozné soucasné méfit obé tyto vlastnosti s dokonalou presnosti.
Pokud se snazime zméftit polohu velmi piesné, pak se nejistota hybnosti zvysi, pokud se
pokusime zméfit hybnost co nejdokonaleji, pak se pozice stane nedefinovanou a neni to jen
tim, Ze jsme ztratili jistotu v jedné vlastnosti tim, Ze ji narazime nebo cokoli jiného. Kdyz
jsme se o to pokusili nebo o to druhé, Heisenbergiiv princip neurcitosti je zékladnim limitem|
lpoznatelnosti kvantového svéta) 22 a o tomto zakladu mluvime v tomto videu, tento
kompromis mezi znalostmi, které miizeme mit o kvantovém systému, plati pro mnoho para
vlastnosti poloha versus hybnost energie versus ¢as jeden AlS polarizace nebo spin versus
kolma osa a mnoho dal$ich, takze pokud je elektromagnetické pole kvantové povahy, pak by
se na naSe pokusy zméfit toto pole mél vztahovat concy princip. co to je OK, zpét k nasi
¢astici v




(02)- fact let's have two particles and give them both a negative electric charge we start them
off moving towards each other we know that light charges repel so these particles will interact
by the electromagnetic field when they get close and be deflected back we know that there's a
Quantum restriction on how precisely we can measure the position and momentum of these
particles but we also know that the particles motions are entirely defined by their interactions
via the electromagnetic field so bour and rosenell argued that the same restrictions on
measurement of particle motion have to apply to the field that governs that motion after all
measurements of the electromagnetic field can only happen by observing its interactions if
those interactions are subject to fundamental Quantum uncertainty then the field must be also
and if that's true then it's reasonable to think that the electromagnetic field is truly a Quantum
entity as indeed it turns out to be okay so if this argument applies to electromagnetism why
can't it also apply to the gravitational field if we can only measure the gravitational field
through the interaction of massive particles and those particles are subject to Quantum
uncertainty then surely our measurement of gravity is subject to the same here it's important
to pay attention to the details of the bore Rosenfeld argument they realized that in order to
confidently state that the Heisenberg uncertainty principle applies to electromagnetism we
need to consider only a pristine electromagnetic interaction between the two particles the
interaction needs to be mediated by the most Quantum possible influence of the EM field a
socalled Quantum of action that's the part of the EM field that we're trying to measure if there
are any extra bits of electromagnetic field then they'll add to our uncertainty in measuring the
field responsible for the interaction but electromagnetism is pretty messy for example we
know that moving charges create magnetic fields those extraneous components of the EM
field prevent us from concluding that our knowledge of the EM field is limited to the same
degree as our knowledge of particle motion only with a pristine interaction can we show that
electromagnetism also obeys the Heisenberg uncertainty principle but war and Rosenfeld
came up with a clever trick to clean up the EM field in their thought experiment instead of
individual particles moving towards each other they imagined in of particles one positive and
one negative that cancels out any electromagnetic field emerging from the particle motion
allowing us to describe the most fundamentally Quantum interaction via the EM field and it
allows us to show that the EM field really is subject to True Quantum uncertainty but this is
where we get stuck with gravity particles with electric charge are subject to the
electromagnetic force the analogous charge for gravity is mass we can imagine a pair of
massive particles moving towards each other and interacting via a Quantum of gravity our
ability to measure that gravitational interaction should be limited by our ability to measure the
motion of those particles but in order to show that the limit is truly the Heisenberg limit we
need to rule out complex interactions for the gravitational field just as we did for the EM field
so why not apply the same trick as B and Rosenfeld just add an opposite gravitational charge
to each particle but that means adding negative masses and as far as we know negative Mass
doesn't exist and it's not just that we haven't discovered it yet there are very very good reasons
to believe that negative mass is fundamentally impossible its existence would lead to Major
paradoxes so it seems that the very nature of gravity forbids us from using B and rosenfeld's
argument that might on the surface sound like a bit of bad luck but follow me through the next
thought experiment and it starts to feel like the universe is really conspiring to prevent us
from finding evidence of quantum gravity perhaps the most direct evidence of quantum
gravity would be the observation of a graviton or at least of its effect after all the observation
of the influence of individual photons in the photoelectric effect was a pretty clear



demonstration of the quantization of electromagnetism so on to the next thought experiment
from Freeman Dyson he figured out what it would take to detect an individual graviton with a
gravitational wave detector gravitational waves are rieles in the fabric of SpaceTime caused
by Massive objects undergoing certain types of motion when a gravitational wave passes by it
causes distances to change as space is ultimately stretched and compacted by a very tiny
amount at least that's how gravitational waves look in general relativity Einstein's very
unquity In classical electromagnetism electromagnetic waves are caused by accelerated

(02)- fakt, mé&jme dv¢ Castice a ddme jim my?, nebo piiroda?... obéma zaporny elektricky
naboj zacneme je pohybovat smérem k sob¢ vime, Ze svételné naboje se odpuzuji, takze tyto
Castice budou interagovat elektromagnetickym polem, kdyz se ptiblizi a budou odklonény
zpét, vime ze existuje kvantové omezeni ohledné toho, jak piesné mizeme méfit polohu a
hybnost téchto castic, ale také vime, Ze pohyby ¢astic jsou zcela definovany jejich interakcemi
prostfednictvim elektromagnetického pole, takze Bour a Rosenell tvrdili, Ze stejna omezeni
pro méfeni pohybu ¢astic se musi vztahovat na pole, kterd tidi tento pohyb, poté, co vSechna
méteni elektromagnetického pole mohou nastat pouze pozorovanim jeho interakci, pokud tyto
interakce podléhaji zékladni kvantové nejistoté, pak pole musi byt také, a pokud je to pravda,
pak je rozumné si myslet, Ze elektromagnetické pole je skuteéné kvantova entita a skutecné se
ukézalo, ze je v poradku, takZe pokud se tento argument vztahuje na elektromagnetismus,
pro¢ by nemohl platit také na gravitacni pole, no protoze gravita¢ni pole, jeho kiivost dimenzi
nepiesahuje 90° ; je to snad slaby argument? pokud miizeme gravita¢ni pole zmé&fit pouze
interakci hmotnych c¢astic a téchto ¢astic podléhaji kvantové nejistoté, pak jisté¢ naSe méteni
gravitace podléha stejnému. Zde je dilezité vénovat pozornost podrobnostem argumentu Bore
Rosenfeld. Uvédomili si, Ze abychom mohli sebevédomé prohlasit, ze Heisenbergtv princip
neurcitosti plati pro elektromagnetismus, musime vzit v ivahu pouze nedotéena
elektromagnetické interakce mezi dvéma Casticemi, interakce musi byt zprostiedkovana co
mozna nejveétsim kvantovym vlivem EM pole, takzvanym kvantovym plisobenim, coz je ¢ast
EM pole, kterou se snazime zméfit, pokud existuji néjaké extra bity elektromagnetického
pole, pak ptidaji k nasi nejistoté pii méteni pole odpovédného za interakci, ale
\elektromagnetismus je docela chaoticky{, a proto je toto pole linearni naptiklad vime, ze
pohybujici se naboje vytvareji magneticka pole, tyto vnéjsi slozky EM pole nam brani dospét
k z&véru, ze nase znalosti o EM poli je omezeno na stejnou miru jako nase znalosti o pohybu
¢astic pouze s nedotcenou interakci, mizeme ukazat, Ze elektromagnetismus se také fidi
Heisenbergovym principem neurcitosti, http://www.hypothesis-of-
universe.com/docs/c/c_028.jpg ; http://www.hypothesis-of-universe.com/docs/c/c_027.jpg ;
((Heisenberguv princip je zakladni mys$lenkou, ktera iidi zahadny svét kvantové fyziky,
wo.0=1.1 ;slavny fyzik Neil Degrass Tyson

naznacuje, Ze Heisenbergiiv princip je Spatny a vesmir neni lokalné realny. —
http://www.hypothesis-of-universe.com/docs/c/c_113.jpg )) ale valka a Rosenfeld pfisli s
chytrym trikem, jak vycistit EM pole ve svém mys$lenkovém experimentu. Misto toho, aby se
jednotlivé ¢astice pohybovaly k sobé, ptedstavovali si z ¢astic jeden pozitivni a jeden
negativni, které rusi jakékoli elektromagnetické pole vznikajici pti pohybu ¢astice, coz nam
umoznuje popsat nejzasadnéjsi kvantovou interakci prostiednictvim EM pole a umozituje ndm
ukazat, Ze EM pole skute¢né podléha nejistoté. True Quantum, ale tady uvizneme, kdyz
Castice s elektrickym nabojem podléhaji elektromagnetické sile, analogicky naboj pro
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gravitaci je hmotnost, ? mizeme si piedstavit dvojici masivnich ¢astic pohybujicich se k sobé
a interagujicich prostfednictvim kvantum gravitace,? nase schopnost méfit gravitaéni
interakci by méla byt omezena nasi schopnosti métit pohyb téchto ¢astic, ale abychom
ukdzali, ze limit je skutecn¢ Heisenbergova limita, musime vyloucit slozité interakce pro
gravita¢ni pole, stejn¢ jako udglali jsme pro EM pole, tak pro¢ nepouzit stejny trik ? jako B a
Rosenfeld jen piidat opacny gravitaéni naboj ke kazdé Castici, ale to znamena pridat
zaporné hmotnosti a je to

L

=== @ pokud vime, zdpornd hmota neexistuje a nejde jen o to, Ze dosud jsme ji
neobjevili, existuji velmi dobré diivody domnivat se, ze negativni hmota je v zdsad€ nemozna,
jeji existence by vedla k velkym paradoxtim, takze se zd4, ze samotna povaha gravitace nam
zakazuje pouzivat B a rosenfeldliv argument, ktery by mohl na povrchu znit jako trochu
smuly, ale nasledujte mé¢ dalSim mysSlenkovym experimentem a zacnete mit pocit, Ze vesmir
se skutecné spikl, aby nam zabrénil najit dikazy o kvantové gravitaci, mozna nejpfiméjSim
dukazem kvantové gravitace by bylo pozorovani gravitonu nebo piinejmensim jeho ucinek,
po tom vSem, pozorovani vlivu jednotlivych fotoni ve fotoelektrickém jevu bylo docela
jasnou demonstraci kvantovani elektromagnetismu, takze az do dal$iho myslenkového
experimentu od Freemana Dysona pfiSel na to, co by bylo zapotiebi k detekcei jedince,
graviton s detektorem gravitacnich vin gravita¢ni vlny jsou riely ? v latce Casoprostoru
zpuisobené masivnimi objekty, které prochazeji uréitym typem pohybu, kdyz kolem prochazi
gravitacni vlna, zptisobuje zménu vzdalenosti, protoze prostor je nakonec roztazen a zhutnén
o velmi malé mnozstvi, alespon to je jak vypadaji gravitacni viny v obecné relativité
Einsteinova ? velmi nejednotnost V klasickém elektromagnetismu jsou elektromagnetické
vlny zpusobeny zrychlenymi

(03)- charges but we now know that those waves are really made up of individual photons so
if gravity is quantum then a gravitational wave should be made up of many gravitons in 2015
we detected our first gravitational waves caused by the merger of black holes with the laser
interferometer gravitational wave Observatory the two Lio facilities sense the extremely tiny
relative changes in the lengths between their 4 km Arms by bouncing lasers many times along
each arm and watching for subtle changes in how those beams recombined so what would it
take to measure a single graviton probably is quite a bit more difficult than measuring a single
Photon but there must be some Far Future gravitational W of detector that could do it that's
what Dyson wanted to find out so we'll start by estimating how many gravitons are in a
typical gravitational wave like the ones detected by ligo if we want to do that for an
electromagnetic wave we take the total energy of the wave and divide it by the energy of a
single Photon which is just the plank constant time its frequency that tells us that a ping 5 m
630 NM red laser pointer blasts out 101® photons per second the typical gravitational wave
detectable by ligo has an energy density of approximately 10 Jew per cubic M with an
angular frequency of 1 khz that's 1,000 Herz according to Dyson the energy density of a
single graviton in this frequency is at most 3x 108 Jew per Cub M and that gives us around
3x 10%" gravitons per cubic meter in these waves so what would it take to detect just one of



these well if the rotational wave that | described has around 10%" gravitons and that's just at
the edge of ligo sensitivity then we need to improve that sensitivity by a factor of 10% that
sounds challenging but surely not impossible even if it would take some science fiction level
device to do it to see just how science fictiony let's simplify our gravitational wave detector
we're going to detect incoming waves by measuring the change in the distance between two
masses we'll assume the masses are free floating in space but the argument also works for
masses that are fixed to a device Dyson argues that in order to say that we detected a signal
graviton we need to be able to measure a change in distance on the order of the plank length
and that this requirement is actually independent of the frequency of the graviton you might
recall from previous videos that the plank length is essentially the smallest distance that we
can consider before the meaning of distance and space breaks down it's a pretty small distance
so what sort of device could measure a change on that scale for our simplified gravitational
wave detector the question becomes what combination of masses and distances between them
would we need as our lonely graviton passes our detector the masses move in and out by a
tiny amount in order to be sensitive to that tiny change in distance we need to measure the
positions of each of those masses with a Precision equal to half of that change but the
Precision with which we can measure those Mass positions is limited by the Heisenberg
uncertainty principle which by now you're very familiar with while a mass is being moved by
a graviton its speed changes it changes roughly by the distance it travels divided by the time it
takes for a single graviton to pass by that time is just the separation of the masses divided by
the speed of light that gives us the variation in the speed during our measurement multiply
that variation by the mass itself and we get the change in momentum due to the passage of the
graviton so now we have an estimate for the uncertainty in the position needed to detect the
graviton and that's just around half the plank length as well as the uncertainty in the
momentum generated by the motion of the masses caused by the graviton if we plug these
into the Heisenberg uncertainty principle we get a relationship between the masses and their
separation in order to be able to detect a single grow graviton it's a simple enough equation
the mass separation has to be less than or equal to the gravitational constant time is the mass
of the masses divided by the speed of light squared but that expression is familiar to all
physicists and he's very bad in this context it's the expression for the SWA Shield radius any
Mass compacted to a size smaller than this radius becomes permanently trapped by its own
gravitational field it becomes a black coal this is really strange we found that a gravitational
wave detector capable of detecting a single graviton inevitably forms a black

(03)- naboje, ale nyni vime, Ze tyto viny se ve skute¢nosti skladaji z jednotlivych fotond,
takze pokud je \gravitace kvantovél, pak by se gravita¢ni vina méla skladat z mnoha gravitont.
V roce 2015 jsme detekovali naSe prvni gravitacni viny zpisobené slou¢enim Cernych dér
jenze tyto viny jsou viny samotnych dimenzi ¢asoprostoru bez ,,balickovani .. ( Pro
elementarni castice by balickovani mélo byt podminkou) s laserovym interferometrem na
observatofi gravitacnich vin dvé zatfizeni Ligo snimaji extrémné malé relativni zmény v
délkach mezi jejich 4 km rameny tim, Ze lasery mnohokrat odrazeji podél kazdého ramene a
sleduji jemné zmény v tom, jak se tyto paprsky rekombinuji, takze co by bylo potieba k
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ale musi existovat né¢jaky gravitatni W detektor z daleké budoucnosti, ktery by to dokazal, to
je to, co chtél Dyson zjistit, takze zaéneme odhadem, kolik gravitonil je v typické gravita¢ni
vIng, jako jsou ty, které detekuje ligo, pokud to chceme ud¢lat pro elektromagnetickou vinu,



vezmeme celkovou energii viny a vydé€lime ji energii jednoho fotonu, coz je jen konstantni
Cas prkna, jeho frekvence, ktera nam tika, ze ping 5 m 630 NM cervené laserové ukazovatko
vystieli 10 fotont za sekundu typicka gravitaéni vina detekovatelna ligem ma hustotu
energie piiblizng 10 Zida na krychlovy M s thlovou frekvenci 1 khz, coZ je podle Dysona
energie 1000 Hz hustota jednoho gravitonu v této frekvenci je nanejvys 3x 1078 Zidd na cub
M a to ndm dava kolem 3x 10%’ graviton®i na metr krychlovy v téchto vinach, takZe co by bylo
potieba k detekci jen jedné z nich, kdyby rota¢ni vina, ktera Popsal jsem, Ze mé kolem 103
gravitond a to je jen na hranici citlivosti liga, pak musime tuto citlivost zlepsit faktorem 10%7,
coZ zni naro¢né, ale urcité ne nemozné, i kdyz by to chtélo néjaké zatizeni na Grovni sci-fi,
aby to bylo vidét. jak sci-fi zjednodusime nas detektor gravita¢nich vin, budeme detekovat
ptichozi viny méfenim zmény vzdalenosti mezi dvéma hmotami, budeme piedpokladat, ze
hmoty se voln¢ vznaseji v prostoru, ale argument funguje také pro hmoty, které jsou fixovany
na zatizeni Dyson tvrdi, Ze abychom mohli fici, Ze jsme detekovali signalni graviton, musime
byt schopni zmétit zménu vzdalenosti v fadu délky prkna a ze tento pozadavek je ve
skute¢nosti nezavisly na frekvenci gravitonu, kterou si miizete vybavit z ptedchoziho videa,
ze délka prkna je v podstaté nejmensi vzdalenost, kterou miizeme uvazovat, nez se vyznam
vzdalenosti a prostoru rozpadne, je to docela mala vzdalenost, takze jaké zatizeni by mohlo
méfit zmeénu na tomto méfitku pro nds zjednoduSeny detektor gravitacnich vin, otdzka zni, co
Kombinace hmot a vzdéalenosti mezi nimi bychom potiebovali, kdyz na§ osamély graviton
projde nasim detektorem, hmoty se pohybuji dovniti a ven o nepatrné mnozstvi, abychom byli
citlivi na tu nepatrnou zménu vzdalenosti, kterou potfebujeme k méteni polohy kazdé z téchto
hmot pomoci Piesnost rovna poloving této zmény, ale pfesnost, s jakou miizeme zméfit
polohy hmoty, je omezena Heisenbergovym principem neurcitosti, se kterym jste jiz velmi
dobfe obeznameni, zatimco se hmota pohybuje gravitonem, jeji rychlost se méni zhruba.
vzdalenost, kterou urazi, délena dobou, kterou za tu dobu urazi jediny graviton, je jen
oddéleni hmot déleno rychlosti svétla, kterd ndm dava zménu rychlosti béhem naseho méfeni,
vynasobte tuto zménu hmotnosti a dostaneme zménu hybnosti v disledku prichodu
gravitonu, takZe nyni mame odhad nejistoty v poloze potiebné k detekci gravitonu, a to je jen
piiblizné polovina délky prkna, stejné jako nejistota hybnosti generované pohyb hmot
zpusobeny gravitonem, pokud je zapojime do Heisenbergova principu neurcitosti, dostaneme
vztah mezi hmotami a jejich separaci, abychom mohli detekovat jediny rostouci graviton, je to
dostate¢né jednoducha rovnice, separace hmoty musi byt mensi nebo rovna gravitacnimu
konstantnimu ¢asu je hmotnost hmot délena rychlosti svétla na druhou, ale tento vyraz je
znamy vSem fyziklim a v tomto kontextu je velmi Spatny, je to vyraz pro polomér SWA
Shield jakéakoliv hmotnost zhutnéna na a velikost mensi nez tento polomér ziistane trvale
uvéznéna vlastnim gravitaénim polem stane se cernym uhlim temnou hmotou to je opravdu
zvlastni, zjistili jsme, ze detektor gravitacnich vin schopny detekovat jediny graviton
nevyhnutelné tvoii ¢ernou diru

(04)- hole that means even if it detects the graviton it swallows any information about that
measurement and so prohibits us from confirming the graviton really any attempt to measure
distances small than the plank length threatens black holes as we've discussed before so it
seems that nature isn't just conspiring to th our theoretical Arguments for quantum gravity but
also to stop us from building the detector we need to test these theories none of this means
that gravity isn't really Quantum or that the existence of the graviton can't be ever proved
there are several proposals for how to do this like searching for the extremely rare interactions



with particles of matter and gravitons but these events are going to be so rare that it may be
practically impossible to see enough of them to confidently confirm their nature unless we
could come up with a clean source of gravitons immensely more powerful than is currently
known like a laser of gravitational waves but that's really in the realm of extreme far future
technology there are also indirect measures of quantum gravity in the same vein as the B
Rosenfeld argument for electromagnetism for example if we could cause two particles to
become Quantum entangled through a gravitational interaction then that interaction itself
would have to be Quantum this is more promising than direct graviton detection but has not
yet been achieved and who knows perhaps nature will continue to conspire to make new tests
of quantum gravity impossible and maybe that's because gravity isn't Quantum in the same
way that the other forces are not that this is going to stop us from continuing down the rabbit
holes of speculative theories in the hopes that one day we'll find a way to test and maybe
verify the quantum nature of SpaceTime is that time of year again where we ask you to take
the annual PBS digital Studios audience survey the space time audience has always been
amazing at filling out the survey and we'd love to continue that Trend by doing so you can
help us pick out what new shows should be made and what types of topics you'd like to see
new shows cover it'll only take a few minutes but it's extremely valuable to us the whole
network really Dives deep into the data and it helps give us tremendous insights
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into what you're thinking there is a link in the

(04)- dira, coz znamena, ze i kdyz detekuje graviton, spolkne jakékoli informace o tomto
meéfeni, a tak nam zakazuje potvrdit graviton skutecné jakykoli pokus zméfit vzdalenosti
mensi nez délka prkna Plankova ohrozuje ¢erné diry, jak jsme jiz diskutovali, takze Zda se, ze
piiroda nejen konspiruje s naSimi teoretickymi argumenty pro kvantovou gravitaci, ale také
aby nam zabranila postavit detektor, musime tyto teorie otestovat, nic z toho neznamena, Ze
gravitace neni ve skutecnosti kvantova ??!!?? nebo Ze existence gravitonu mize byt ,,Nebylo
nikdy dokézéno, Ze existuje n&kolik navrhi, [jak to udglat, jako je hledani extrémné vzacnychl
\interakci Castic hmoty s gravitonyL ale tyto udalosti budou tak vzacné, ze mtze byt prakticky
nemozné vidét jich dost, abychom to s jistotou potvrdili. Tyto Gvahy budou mylné, budou
chybné, budou nespravné...; graviton prosté neexistuje... Jejich povaha, pokud se ndm
nepodaii piijit s Cistym zdrojem gravitoni, ktery by byl nesmirn¢ vykonné&jsi, nez je v
soucasnosti znamy jako laser gravitacnich vln, ale to je skute¢né v oblasti technologie
extrémni vzdalené budoucnosti, existuji také neptima méfeni kvantové gravitace ve stejném
duchu jako napiiklad argument B Rosenfelda pro elektromagnetismus, pokud bychom mohli
zpusobit, Ze se dvé Castice zapletou kvantoveé prostiednictvim gravitacni interakce, pak by tato
interakce sama o sobé musela byt kvantova, to je slibnéjsi nez ptima detekce gravitonu, ale
jesté nebylo dosazeno a kdo vi mozna o piirodé bude i nadale konspirovat, aby znemoznil
nové testy kvantové gravitace a mozna je to proto, 7e |gravitace neni kvantovand, stejn& jako
ostatni sily nejsou, ze ndm to zabrani pokracovat v zajecich dirach spekulativnich teorii

vV nadéji, Ze jednoho dne najdeme zpiisob, jak otestovat a moZna i ovérit kvantovou
povahu SpaceTime, ?!! je to opét to obdobi roku, kdy vas zadame, abyste se ziCastnili
kazdoro¢niho priizkumu publika PBS Digital Studios.

Casoprostorové publikum bylo vzdy GZzasné pfi vypliiovani prizkumu a radi bychom v tomto
trendu pokracovali tim, Ze nam pomuzete vybrat, jake nove porady by mély byt vytvoreny a



jake& typy témat byste radi videli’ v novyeh pofadech! /: bych rid slysel odborniky, ktei by
vysvétlili ,,pro¢ musi mit gravitacni konstanta ,,rozmér* kdyz to neni fyzikalni veli¢ina, jen
pouze ,,Cislo“. = http://www.hypothesis-of-universe.com/docs/eng/eng_160.pdf

| would like to hear experts who would explain "why the gravitational constant™ must have a
"dimension" when this "object is not a physical quantity, only a "number". ¢
http://www.hypothesis-of-universe.com/docs/eng/eng_160.pdf

Zabere to jen par minut, ale je to extrémng¢ je pro nas cenna cela sit’ se skute¢né ponoii
hluboko do dat a poméh& ndm to poskytnout ohromné vhledy

17:57 na to, co si myslite, je odkaz v

| quote your requests:

Nature of SpaceTime is that time of year again where we ask you to take the annual PBS
digital Studios audience survey the space time audience has always been amazing at filling
out the survey and we'd love to continue that Trend by doing so you can help us pick out what
new shows should be made and what types of topics you'd like to see in new shows cover it'll
only take a few minutes but it's extremely valuable to us the whole network really Dives deep
into the data and it helps give us tremendous insights into what you're thinking there is a link
in the description thanks in

18:10 [Music] advance

| quote your pleas : and therefore | give you my opinion

| would like to hear experts who would explain "why the gravitational constant™ must have a
"dimension" when this "object G" is not a physical quantity, only a "number". Why did
people-physicists assign dimensions-dimensions to a dimensionless number?

Vysledky prekladu
Vysledek piekladu

Ja bych rad slysel odborniky, kteti by vysvétlili ,,pro¢ musi mit gravita¢ni konstanta“
,rozmér kdyz tento ,,objekt neni fyzikalni veli¢ina, a je to jen ,,Cislo®. ¢
http://www.hypothesis-of-universe.com/docs/eng/eng_160.pdf Svatym gralem teoretické
fyziky je pfijit s kvantovou teorii gravitace. Ale po stoleti pokusii opravdu netuSime, jak
blizko jsme, nebo je to dokonce mozné. Ale neméli bychom se citit Spatné, protoze se

vV

neni. Mame ptijmout napovédu? Gravitace neni kvantova stejnym zptisobem, ze ostatni sily
nejsou. Tim nam zabrani pokracovat dolu krali¢i nory spekulativnich teorii v nadéji, ze
jednoho dne najdeme a zptsob, jak otestovat a mozna ové&fit kvantum.

Ad 01) Piiroda SpaceTime je opét tim roénim obdobim kde vas zadame, abyste si vzali ro¢ni
PBS priazkum publika digitalnich studii casoprostorové publikum vzdy bylo uZzasné pii
vypliovani dotazniku a radi bychom v tomto trendu pokracovali tak nam muzete pomoci
vybrat co nové potady by se mély délat a jaké typy témat, kterd byste radi videli v novych
poradech ptikryjte, bude to trvat jen par minut, ale je to pro nas jako celek nesmirné cenné sit’
se skute¢né ponoti hluboko do dat a pomaha ndm to poskytnout Gizasné poznatky do toho, co
si myslite, Ze existuje odkaz v popisu de¢kuji 18:10 [Hudba]


http://www.hypothesis-of-universe.com/docs/eng/eng_160.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_160.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_160.pdf

Ad 02) I would like to hear experts who would explain "why the gravitational constant™ must
have a "dimension™ when this "object G" is not a physical quantity, only a "number". Why did
people-physicists assign dimensions-dimensions to a dimensionless number? -

http://www.hypothesis-of-universe.com/docs/eng/eng 160.pdf
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