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(00)- PBS Member Stations rely on viewers like you. To support your local station, go to:
http://to.pbs.org/DonateSPACE | More info below | Sign Up on Patreon to get access to the
Space Time Discord! https://www.patreon.com/pbsspacetime We know that gravity must
cause clocks to run slow on the basis of logical consistency. And we know that gravity DOES
cause clocks to run slow based on many brilliant experiments. But I never explained WHY or
HOW gravity causes the flow of time to slow down. And I’'m not going to explain it now -
because in a sense it’s not true. Gravity does NOT warp the flow of time. It’s the other way
around - the warping of time causes gravity. Check out the Space Time Merch Store
https://pbsspacetime.com Sign up for the mailing list to get episode notifications and hear
special announcements! https://mailchi.mp/1a6eb8f2717d/space...

(00)- Clenské stanice PBS se spoléhaji na divaky, jako jste vy. Chcete-li podpofit svou mistni
stanici, prejdéte na: http://to.pbs.org/DonateSPACE | Dalsi informace nize | Pfihlaste se na
Patreonu a ziskejte pristup k ¢asoprostorovému klani! https://www.patreon.com/pbsspacetime
Vime, Ze gravitace musi zpusobit, aby hodiny bézely pomalu ( nikoliv hodiny, coz je pouze
,mechanizmus® na odtikavani intervala, ale ¢as, tedy tempo plynuti ¢asu je ovlivnéno
gravitaci, ¢ili kifivosti ¢asové dimenze, ktera se rozbaluje nebo sbaluje ) na zakladé logické
konzistence. A vime, Ze gravitace zpisobuje, ze hodiny bézi pomalu na zakladé mnoha
skvélych experimenti. ,,hodinky* nikoliv, ale ¢as ano, hodinky naopak musi bézet viude a
vzdy stejné, pii stejném nastaveni tempa plynuti. Ale nikdy jsem nevysvétlil, PROC nebo
JAK gravitace zpusobuje zpomaleni toku ¢asu.( ¢ili jinymi slovy : pro¢ nebo jak gravitace
meni v potencialovych rovinych tempo toku plynuti ¢asu ) A nebudu to ted’ vysvétlovat -
protoZe to v jistém smyslu neni pravda. Gravitace NENI zdeformovana na plynuti ¢asu. Je to
naopak - zkrouceni ¢asu zpusobuje gravitaci. Ano, a uz jsme u vize, kterou ja presentuji ve
své HDV. Kftiveni dimenzi ¢asoprostorovych je principidlné akt hmototvorny ; kazdy stav
3+3 zktivenych dimenzi uz presentuje pole nebo (je-li zakfiveni dimernze az do balicku, ptes
360°), je uz elementarni castlce hmoty. Cili jsme u mych piedstav, kde ,,éas neb&zi nam, ale
my-hmota-Zemé bézime jemu®, tedy my na Zemi svym posunem planety ,,po Vesmiru tedy
,»po dimenzi ¢asoveé®, po 3+3 Casoprostorové miizce, ukrajujeme na ¢asové dimenzi intervaly
a tim ,,vyrabime* tok-plynuti ¢asu.

O case je na web-strankach velmi mnoho povidani, napt. naposledy http://www.hypothesis-
of-universe.com/docs/aa/aa_143.pdf Podivejte se na obchod Time Time Merch Store
https://pbsspacetime.com Zaregistrujte se do seznamu adresati, abyste dostavali oznameni o
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(01)- You are currently hurtling through time at the speed of light. But be careful. If even a
tiny bit of your breakneck temporal velocity leaks into one of the dimensions of space. And
you’re standing in the wrong place at the time, you will rapidly accelerate to your doom. You
think I’'m kidding? I just described the true source of gravity. Don’t look down. Clocks run
slow in gravitational fields. Our GPS satellites tick faster by a factor of 1-in-a-billion - enough
to thrown their position accuracy off by 11km per day. In our recent episode, we saw why this
gravitational time dilation is inevitable - it follows as surely as 1+1=2 if we accept the two
axioms of Einstein’s relativity theory: that the speed of light is constant for all observers, and
that the weight induced by acceleration is fundamentally the same as that induced by gravity -
the so-called equivalence principle. But none of this is very satisfying. We know that gravity
must cause clocks to run slow on the basis of logical consistency. And we know that gravity
DOES cause clocks to run slow based on many brilliant experiments. But | never explained
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WHY or HOW gravity causes the flow of time to slow down. And I’m not going to explain it
now - because in a sense it’s not true. Gravity does NOT warp the flow of time. It’s the other
way around - the warping of time causes gravity. That’s what I’'m going to show you right
now. If you didn’t watch the previous episode - do it, though it’s also ok if you watch this one
first. Just don’t forget. So how is it that time causes gravity? Let’s start with ... a teapot. [ A
nice china teapot hanging in space, minding its own business. Absent a gravitational field or
any forces, if the teapot starts motionless it stays that way. At least, it stays motionless with
respect to the three dimensions of space. Everything is moving through the dimension of time.
We can show this with our old friend the spacetime diagram. Let’s have just two dimensions
of space and so we have space ... for time. We show progression through time as the object
moves up. You could say that it has a positive velocity through time, and zero velocity
through space. OK, now let’s add a second object - something nice and massive ... the planet
Earth will do. We know that the presence of mass and energy warp spacetime - and the most
intense part of that warping is in time - our gravitational time dilation. Things closer to the
Earth move through time more slowly. We can show this as a bunch of identical clocks. They
tick as they move up. Clocks closer to the Earth take longer to tick for every tick on a distant
clock. Velocity through time increases away from the Earth. If we move particles through
time according to those velocities, we have this sense of time flowing in a gradient - faster
streams distant from the Earth, slower streams near it. Kind of like how water in the center of
a stream flows more quickly than the edge, where the shallower stream drags on that flow. It’s
almost like Earth’s mass creates a drag on the flow of time around it. So what happens to an
object sitting in this stream of time - parts further away from the Earth age faster, right? Well,
yes, but that’s not all. We can think of any object as being made of many tiny clocks. Each
atom, each subatomic particle trying to tick at its own rate. And each of those clocks has a
velocity vector in time. So what’s the temporal velocity of the entire object? In Einstein’s
relativity you have to remember that time and space are not independent of each other.

(01)- Momentaln¢ se vrhate ¢asem rychlosti svétla. Ale bud’ opatrny. Pokud do vasi dimenze
prostoru unikne i nepatrna ¢ast vasi krkolomné ¢asové rychlosti.?? Zatim sem nepochopil ,,0
co jde”.. A v té dobe¢ stojite na Spatném misté, rychle zrychlite do zkdzy. Myslis si, Ze si
délam legraci? Praveé jsem popsal skute¢ny zdroj gravitace. Nedivej se dolu. Hodiny bézi
pomalu v gravita¢nich polich. Prvni chyba : Na satelitu nebézi hodiny-mechanizmus jinak nez
na povrchu Zem¢, ale ¢as !! !, ¢as béZi na satelitu v jiné gravita¢ni hladin¢ jinak !!! Nase
satelity GPS tikaji rychleji satelity netikaji, ale ¢as tika = plyne jinym tempem na satelitu
I1's faktorem 1 na miliardu 107 - dost na to, aby odhodily piesnost jejich polohy o 11 km za
den. ProtoZe vzajemny pohyb satelitu a povrchu Zemé je sledovan s ,,lidskou citlivosti“ o 8
fadl v jiném ,tempu®, tedy v <c...; 108/10° = v < ¢ = 1/1. My-lidé na Zemi jsme si zvolili
,jednotky“ délky a ¢as podle naseho ,,pfirozeného vnimani okoli a tento pomér pak vychazi
na ,,rozbaleny ¢asoprostor ¢ = 1/1 s osmifadovym ne-pomérem. Kdybychom se my-lidé
pohybovali vesmirem rychlosti ¢ = 1/1 pak bychom nevnimali ani ,,rozpinani prosteru® ( 1épe
fikat rozbalovavani ) ani starnuti Vesmiru. Jenze nase ,,pozice” ve Vesmiru je ,,ve stop-stavu,
tj. v globalni ,,stop-poloze* a globalnim ,,stop-Case = stafi“ v jinych zakiivenich téchto
veli¢in, téchto dimenzi 3+3D. V nasi nedavné epizod¢ jsme videli, pro¢ je tato gravitacni
dilatace ¢asu nevyhnutelna ( ¢ili nikoliv dilatace hodinek, ale ¢asu !! ; hodinky tikaji na
satelitu i na Zemi stejné, ale pii srovnani maji ,,rizny pocet odtikanych intervalt“ ¢ili jiné
tempo plynuti) - vyplyva to stejné jisté jako 1 + 1 = 2, pokud ptijmeme dva axiomy
Einsteinovy teorie relativity: Ze rychlost svétla je konstantni ( lepii vysvétleni nez
,konstantnost* je v pochopeni ,,kiivosti* dimenzi = Vv plochém ¢asoprostoru ( jako je ten
pred Tfeskem kde neni hmota ) musi byt ¢ =1/1 (¢ =13/ 1%) protoze v ném neni hmota,



neni v ném ani gravitace, nebot’ gravitace je ,,zakfivenost ¢asoprostoru‘...ze ?! pro vSechny
pozorovatele a ze vaha vyvolana zrychlenim je v zasad¢ stejna jako vaha vyvolana gravitaci -
takzvany princip ekvivalence. O.K. - - A pfidam tudiv >
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Ale nic z toho neni pfili§ uspokojivé. Vime, Ze gravitace musi zpasobit, aby hodiny bézely
pomalu na zklade logické konzistence. Ne, hodinky nebézi, cas bézi...hodinky jen
odméftiji pocet tikl do zvolen¢ho ¢asového intervalu...A vime, Ze gravitace zpusobuje, ze
hodiny bézi pomalu na zakladé mnoha skvélych experimenti. Ale nikdy jsem nevysvétlil,
PROC nebo JAK gravitace zpiisobuje zpomaleni toku ¢asu. No. . .jsem jedno ucho na to
vysvétleni.. A nebudu to ted’ vysvétlovat - protoze to v jistém smyslu neni pravda. Ach
jo...aje po legraci“...Gravitace NENI zdeformovana na plynuti ¢asu. Je to naopak -
zkrouceni ¢asu zpusobuje gravitaci. No vida...; a zkrouceni ¢asu je z jiného Uhlu pohledu
»Zmena tempa plynuti Casu“ a...a zména tempa ,,pro Pozorovatele* ( zvoleného kdekoliv
v &asoprostoru ve stop-stavu, stop-poloze a stop-véku ) znamen4, Ze Pozorovatel SNIMA ,
ano snima, do své pozorovatelny ruititizna tempa plynuti ¢asu @) z rakety = kvasatu —
libovolného télesa, atd. nebo b) z hladin grav. potencialt ...opakuji : pozorovatel snima to
tempo do své pozorovatelny a vyhodnocuje ho jako rittiizné, a¢ na raketé ¢i kvasaru
dilatované tempo neni, toto jen pozorujeme, viz STR...protoze se soustavy rakety ¢i
kvasaru k sobé vzajemné pootaceji. To vdm prave ted’ ukazu. Jsem jedno ucho...Pokud
jste nesledovali piedchozi epizodu - udélejte to, i kdyz je to také v poradku, pokud si
nejprve pozriete tuto. Jen nezapomer. Jak to, ze ¢as zpusobuje gravitaci? Lépe ceteno :
Jaktoze zaktiveni Casové dimenze zpisobuje gravitaci ? Ja to feknu ve své ,,laickosti*
takto : mam-li v<c, (v¥<c?);(v3<c®), paktov miizce 3+3d pootadeni soustav.
Stav a=x/t?=x /t1.t2 , pak uz je to , k¥iveni“ ¢asové dimenze“ a tento projev-pouziti je
uz ,.gravitace. Jsem presvédcen, ze jen 2% fyzikl premyslivych vi jak by mou fe¢
ptepracovalo do ,,lepsiho ztvarnéni®. Zaénéme ... ¢ajovou konvici. Jsem pekna
porcelanové ¢ajova konvice visici ve vesmiru a v§imajici si své vlastni zalezitosti. Chybi
gravitacni pole nebo jakékoli sily, pokud ¢ajnik zacne nehybng¢, ztstane tak. P¥inejmensim
zastava nehybny ..z pohledu zvoleného Pozorovatele a zvolené soustavy pasované do
klidu, bude ¢ajnik v setrvacném pohybu m.v ( pii zméné kiivosti Casu viici kiivosti délky
z toho vzejde STR a projevy-ukazky dilataci casu ) s ohledem na tfi rozmeéry prostoru.
Vsechno se pohybuje dimenzi ¢asu. To si nejsem jist, zda : bude-li ¢ajova konvice ,,viset™
mezi galaxiemi v ,,prazdném prostoru®, Ze si nemiizeme uvédomit = nepozname pohyb
,»po délkové dimenzi* v okolnim prostoru, ale Ze s urcitosti pozname, vime a chdpeme
neomylné, ze teCe Cas, ze plyne ¢as kolem konvice, ehm-ehm, a Ze dokonce ,,vime* jak
rychle...?1?!? Muzeme to ukdzat nasemu starému ptiteli ¢asoprostorovy diagram.
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Pojd’me mit jen dvé dimenze prostoru, a tak mame prostor ... na ¢as. Jak se objekt
pohybuje nahoru, ukazujeme postup v ¢ase. Dalo by se fici, ze ma kladnou rychlost v case
a nulovou rychlost-posuv na dimenzi v prostoru. Dobte, pridejme druhy objekt - néco
pekného a masivniho ... planeta Zemé to udéla. Vime, ze ptitomnost ¢asoprostoru
deformace hmoty a energie - a nejintenzivnéjsi ¢ast této deformace je v ¢ase - nase
gravitacni dilatace ¢asu. Autor by to mohl podavat lépe ten popis...Véci blize k Zemi se
pohybuji ¢asem pomaleji. O.K. Tempo plynuti ¢asu je u hladiny mofe pomalejs$i nez na
satelitu. Jen je t&7ké ,,jak* to porovnat-srovnat. Casové prodleva signalu z bodu A do bodu
B nam ,,zni¢i* ono porovnini tempa plynuti...Muzeme to ukazat jako spoustu identickych
hodin. Zaskrtavaji, jak se pohybuji nahoru. Hodindm blize k Zemi trva déle, ,,interval na
hodinkach ,,na zemi“ a na ,,satelitu* bude stejny na stejném tempu plynuti Casu, ale jiny na
rizném tempu plynuti ¢asu, Ze.. neZ se u kazdého klisté na vzdalenych hodinéach tikaji.
Rychlost ? v ¢ase se zvySuje smérem od Zemé¢. Pokud pohybujeme ¢asticemi v ¢ase podle
téchto rychlosti, mdme tento pocit ¢asu plynouci v gradientu - rychlejsi proudy vzdalené
od Zemg¢, pomalejsi proudy v jeji blizkosti. Néco jako voda ve stiedu potoka tece rychleji
nez okraj, kde se na tomto toku tahne mél¢i proud. Je to skoro jako by hmota Zem¢
vytvarela odpor toku ¢asu kolem ni. No, ,,jako®...pravdivéjsi je Ze se jedna o pootaceni
soustav Pozorovatele a emitenta signalu kdy se ,,promitne* stejny interval na pootoceném
stinitku jinak...Co se tedy stane s objektem, ktery sedi v tomto proudu ¢asu — ¢asti-
objekty dale od Zemé starnou rychleji, Ze? Ano, ale to neni v8e. Mizeme si myslet, Ze
jakykoli predmét je vyroben z mnoha drobnych hodin. Kazdy atom, kazda subatomarni
castice se snazi tikat svou vlastni rychlosti tempem plynuti. Sloviiicko ,,rychlost® se na tok
¢asu nehodi. Rychlost je ve fyzice vzdy pomér ,,délky* ku ,,éasu”. A kazdy z téchto hodin
ma vektor rychlosti v ¢ase. Jaka je tedy ¢asova rychlost ??celého objektu? V Einsteinové
relativité si musite pamatovat, Ze ¢as a prostor nejsou na sobé nezavislé.

(02)- Objects don’t just have a velocity through space or through time - they have a velocity
through spacetime. We call this their 4-velocity. To get at this, let’s move away from our
teapot for a second and talk about boats. Imagine two boats on an actual stream. One near the
edge moves slow and one near the center moves fast. The slow boater reaches out an oar
which the fast boater grabs. What happens? Instinct tells us that the fast boat is pulled tow
ards the shore. We can think of the two objects as becoming one object, and the difference in
velocities across its length causes a torque that rotates the overall velocity vector towards the
shore." It’s the same with the 4-velocity of an object in a gravitational field. The gradient of
velocities cause the overall 4-velocity of the object to be rotated. All individual 4-velocities
start out being purely in time, but the sum is rotated partially into space. And it’s always
rotated in the direction of decreasing flow - which in a gravitational field is downwards. So
this is the motion of any object in a gravitational field - it gradually picks up velocity in the
down direction - it accelerates - and it pays for that acceleration by losing velocity -
Decelerating in the time direction. There's a certain way of interpreting the math of relativity
that says that everything travels at the speed of light. Light travels at the speed of light
through space - obviously enough - and we know that nothing with mass can reach that speed
traveling through space. But if we interpret time as a dimension like space, then a stationary
mass really is moving at the fastest possible speed in the temporal direction. This is something
we can come back to another time - for now let's go with it. The 4-velocity of a massive
object is pointed almost entirely in the time direction. On the other hand, light itself travels at
the speed of light through space only, and not at all through time - a photon’s clock is frozen.
You might imagine it’s 4-velocity is entirely rotated out of the time direction into space -
although technically photons and other massless particles don’t have a 4-velocity, which is



defined according to the ticking of your own clock - your proper time - which is zero for the
timeless photon. In this picture, a falling object trades some of its enormous velocity through
time to pay for a small velocity through space. To us currency exchange looks favorable for
space - a teapot gains a rapid plummet to its doom for an imperceptible slowing of its clock.
We see the same favorable exchange when we try to convert mass into energy via Einstein’s
most famous equation, E=mc”2 - the speed of light is the exchange rate, and the speed of light
is very large. By the way, two of my favorite physics channels have great, slightly different
explanations of this effect. Check out Nick Lucid on Science Asylum and Eugene
Khutoryansky’s channel to get their takes. So is that it? Do we now perfectly understand the
source of gravity? Well speak for yourself - I’'m still confused. This raises thorny questions.
Like - what about a particle with no size - supposedly point-like particles like electrons,
quarks, etc. Well, actually, nothing truly occupies only a single, perfectly defined position in
space

- quantum uncertainty means that everything is always at multiple places at once, and

so experiences the gradient of time flow.

(02)- Objekty nemaji pouze rychlost v prostoru nebo v ¢ase - maji rychlost v ¢asoprostoru.
0.K. Rikadme tomu jejich 4-rychlost. Abychom toho dosahli, pojd'me na chvili odejit od nasi
konvice a promluvme si o lodich. Predstavte si dva ¢luny na skute¢ném proudu. Jeden blizko
okraje se pohybuje pomalu a druhy blizko stredu se pohybuje rychle. Pomaly ¢lun sdhne po
vesle, které chyti rychly ¢lun. Co se stalo? Instinkt ndm tika, Ze rychly ¢lun je tazen za
biehem. Mizeme si piedstavit, Ze se tyto dva objekty stavaji jednim objektem, a rozdil v
rychlostech po celé jeho délce zpisobi tocivy moment, ktery otoc¢i vektor celkové rychlosti
smérem ke biehu. Gradient rychlosti zptsobuje, Ze se celkova 4-rychlost objektu otaci.
Vsechny jednotlivé 4-rychlosti za¢inaji byt ¢isté v ¢ase, ale soucet se otaci ¢astecné do
prostoru. No, trakovy vyklad by zvladla v Kanadé i na Novém Zélandu Maruska z 6A ..
prosté nic-moc. A vzdy se otac¢i ve sméru klesajiciho proudu - coz v gravita¢nim poli je dold.
Toto je tedy pohyb libovolného objektu v gravitaénim poli - postupné nabira rychlost ve
sméru dola - zrychluje - a za toto zrychleni plati ztratou rychlosti - zpomaluje v ¢asovém
sméru. urcity zpusob interpretace matematiky relativity, ktery tika, ze vSechno se pohybuje
rychlosti svétla. prosté nic-moc. Svétlo se pohybuje rychlosti svétla prostorem - zjevné dost -
a my vime, ze nic s m prdel mtze dosahnout této rychlosti cestovani vesmirem. prosté nic-
moc. Pokud vsak interpretujeme ¢as jako dimenzi jako prostor, pak se stacionarni hmota ve
skute¢nosti pohybuje nejrychlejsi moznou rychlosti v ¢asovém sméru. Neslo by to lépe
podavat ? To je néco, k ¢emu se mazeme vratit jindy - prozatim pojdme s tim. 4-rychlost
masivniho objektu je namitena témét Uplng ? v casovém sméru. ? Na druhou stranu samotné
svétlo cestuje rychlosti svétla pouze prostorem, a viibec ne ¢asem ? - hodiny fotonu jsou
zmrazené. Na fotonu ¢as nebé&Zi, resp. tempo plynuti tasu je nulové, ale stafi tohoto fotonu je
stop-stavem, ve kterém od Ttesku vznikl. ¢ =1/1 ; otazkou je zda kiivost 3+3 dimenzi v okoli
fotonu je nulova, v jaké mtizce se naléza (?), pro¢ se méni jeho pohyb ,,po dimenzi prostorové
a nikoliv po dimenzi ¢asové ? ; ( nevim...nemam to promyslené¢ ) MoZna si predstavite, ze
jeho 4-rychlost je zcela oto¢ena z ¢asoveho sméru do vesmiru - a¢koli technicky fotony a jiné
bezhmotné ¢astice nemaji 4-rychlost, ktera je definovana podle tikotu vasSich vlastnich hodin -
vas spravny ¢as - coz je nula pro nad¢asovy foton. Nevim to vyhodnotit. Na tomto obrazku
padajici objekt obchoduje ¢ast své enormni rychlosti v ¢ase, aby zaplatil za malou rychlost v
prostoru. Pro nas sménarna vypada piiznive pro vesmir - ¢ajova konvice ziskava rychly
pokles do zahuby za nepostiehnutelné zpomaleni hodin. Stejnou ptiznivou vyménu vidime,
kdyz se pokousime preménit hmotu na energii pomoci nejslavnéjsi Einsteinovy rovnice, E =
mc " 2 - rychlost svétla je sménny kurz a rychlost svétla je velmi velka. Mimochodem, dva z



mych oblibenych kanala fyziky maji skvéla, mirné odlisna vysvétleni tohoto efektu. Podivejte
se na Nicka Lucida na Science Asylum a na kanalu Eugena Khutoryanského, kde si muzete
vzit své. Tak je to? Chapeme nyni dokonale zdroj gravitace? Mluvte sami za sebe - jsem stéle
zmatend. To vyvolava ozehavé otazky. V ceské kotling je pronasledovan kazdy , naicen za
zneuznaného génia, masibl a potapenec, ma-li jiné nazory nez fyzikalni establiSment —
Kulhanek a spol. Jako - a co ¢astice bez velikosti - idajné bodové ¢astice jako elektrony,
kvarky atd. Ve skutec¢nosti nic ve skutecnosti nezabira jen jednu, dokonale definovanou pozici
ve vesmiru - Kvantova neur¢itost (*) piisté o Heisenbergovi http://www.hypothesis-of-
universe.com/docs/f/f_043.Jpg znamena, Ze vSe je vzdy na vice mistech najednou a tak zaziva
gradient ¢asového toku.

(03)- But actually general relativity doesn’t need quantum mechanics to explain gravity. It’s
enough to imagine clocks that are infinitesimally separated and we still have our time
gradient. The other thorny question is about light itself. If photons are already fully rotated
into the spatial direction, how is it that they’re also affected by gravitational fields? They have
no “velocity through time” to trade. But light DOES bend in a gravitational field -
astronomers see it happening all the time in the effect we call gravitational lensing. In fact, the
imaginary paths of light rays were one the most important tools that helped Einstein develop
both special and general relativity. So we’d better understand the effect of gravity on the path
of light. To do so we’re going to need to shift our perspective in a couple of mind-bendy ways
to see how the flow of time determines the path of even timeless particles. And with those
new perspectives we’ll get a new insight into the source of gravity that seems weirdly at odds
with everything | just told you - and yet is simultaneously exactly as correct. But first you’re
going to need to some time to think on everything I’ve just told you and let it settle, and we’re
going to need some time to make that new episode of space time. Last time we talked about
the gravitational wave background - the ambient buzz of gravitational waves from the distant
and ancient universe. Which, by the way, we may have detected using a pulsar timing array.
Ivan Kilmoc asks where he can find the audio files of the pulsars that we played in the
episode. Sorry, I should have linked those in the description. I'’ll link them in the description
for this video. They’re from a number of different radio telescopes, but were collated by the
Parkes Observatory in Australia. Stu Lora asks if I can elaborate on my comment “the time
before the big bang” - which | mentioned in reference to a potential component of the
gravitational wave background. I was referring to the extremely energetic events during the
inflationary epoch - fluctuations in the so-called inflaton field, or in the final decay of those
inflatons at the end of inflation. I call this “before the big bang” because many physicists are
moving away from the picture where you have the big bang, then you have an instant of
inflation, then regular expansion. For example, in the eternal inflation model, inflation may
have lasted for a very very long time and still be continuing almost everywhere - but it ceased
in isolated bubbles - corresponding to the formation of a new universe. It makes more sense to
talk about the end of inflation as the beginning of such a universe, rather than the beginning of
global inflation. So in that case the last instant of inflation IS the instant of the big bang, and
gravitational Kinkusnacht asks whether gravitational waves can be used to test ideas in
quantum gravity. The answer is absolutely. The most well known prospect is by detecting the
signatures of primordial gravitational waves - waves from the inflationary epoch. These could
be found in the gravitational wave background, but also indirectly through their effect on the
cosmic microwave background. Interaction of those waves with matter right after inflation
may have caused characteristic patterns in the distribution of matter, which we might now see
in the way the CMB light is polarized. The BICEP2 experiment claimed detection of these so-
called “b-modes” but it turns out they were wrong. But the b-modes may be there, and we’re
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digging deeper to find them. During inflation it’s believed that quantum gravitational effects
would have been very important, so if we can get any type of signal from then perhaps we can
learn something. No Mercy8008 says that the way | described the boats rocking on the ocean
suggests that | would be an awesome dungeon master. Hm. I'd say I'm at best an ok dungeon
master. I think | just rolled a nat 20 on my skill check to describe boats rocking on the ocean.
Or did you fumble your saving through versus being impressed by someone describing boats
rocking on the ocean? Anyway, thanks for the compliment and for reminding me how much 1
miss the game.

(03)- Obecna relativita ale ve skute¢nosti nepotiebuje kvantovou mechaniku k vysvétleni
gravitace. O.K. QM je linearni a OTR je nelinearni. Jedna v druhou piechazi pomoci
,harovnavani kiivosti® dimenzi, tedy D.Zoul fika kvantova péna - http://www.hypothesis-of-
universe.com/docs/g/g_074.pdf ja tomu fikam ,,husty chaos* a oznacuji za ,,princip horkého
brampboru® - http://www.hypothesis-of-universe.com/docs/g/g_073.pdf ;
http://www.hypothesis-of-universe.com/docs/h/h_082.jpg a proto také ,,béha* foton mezi
elektronem a pozitronem sem-a-tam. (( ve vesmiru se nic nerovna, rovnice je jen abstrakce
matematikii na papire)) Staci si predstavit hodiny, které jsou nekoneéné oddélené a stale
méame svuij ¢asovy gradient. \ tomto misté se autor pohybuje v jiné myslenkové roviné ,,0
Case™ nez ja, tak se omlouvam. Dalsi trnita otazka se tyka svétla samotného. Pokud jsou
fotony jiz pIn¢ rotovany do prostorového sméru, jak to, Ze jsou ovlivnény také gravitaénimi
poli? Nemaji zadnou ,,rychlost v dase* k obchodovani. Cili maji stejné tempo plynuti ¢asu
jako méa v tom bod¢ sam Vesmir pfi jeho rozbalovavani kiivosti. .., ostatni hmotna télesa maji
vyssi kiivost casovych dimenzi nez je ,.celovesmirny cas* Ale svétlo se ohyba v gravitaénim
poli ano, foton ,.kopiruje* silo¢ary dimenzi délkovych v zakfivené gravitaci = grav. poli a
presto leti céééckem, neumim vysvétlit - astronomové vidi, ze se to déje po celou dobu ve
smyslu, ktery nazyvame gravitacni ¢ocky. Tady by mohl byt logicky dukaz ze ,kiivost
gravitacni mala byla kdysi tak velka ze to byla ,,péna‘“ napt. péna vakua = plazma, ¢ili
linearni péna se ,,rozbalila® do malo kiivé gravitace...Ve skute¢nosti byly imaginarni drahy
svételnych paprsku jednim z nejdilezitéjsich nastroju, které pomohly Einsteinovi vyvinout
specialni i obecnou relativitu. TakZe bychom 1épe pochopili vliv gravitace na cestu svétla.
Abychom to mohli udélat, budeme muset posunout nasi perspektivu nékolika myslitelnymi
zpisoby, abychom zjistili, jak tok ¢asu urduje cestu i nadéasovych &astic. Uvaha autora se
dotyka mé kdy tvofim vizi o nekonstantnim tempu plynuti casu od Tresku ke dnesku, tedy
ono ,,rozbalovavani kiivosti i casovych dimenzi A s t¢émito novymi perspektivami ziskame
novy pohled na zdroj gravitace, slovicko ,,zdroj je chybné .., gravitace nastala, nastavila se,
tj. nema zdroj. ; gravitace jakoZzto ,,prave jisty druh-stav kiivosti* se rekrutovala
,hastavenim® kiivosti tfi dimenzi, jedné délkové a dvou ¢asovbych, podobné jako z elipsy se
stane parabola ( a z paraboly hyperbola ) ( kdysi jsem 20 let pracoval nad tim ze gravitace ma
rovnici paraboly...ehm) ktery se zda divné v rozporu se v§im, to neni rozpor, to je pouze
prechod linearity do nelinearity co jsem vam praveé iekl - a presto je presné stejny. Nejprve ale
budete potiebovat n¢jaky ¢as na piemysleni o v§em, co jsem vam prave tekl, ano, uz 40 let o
tom premyslim...a nechat to ustat, a budeme potiebovat n¢jaky ¢as na vytvoieni této nové
epizody ¢asoprostoru. Ano, novou episodou je pochopeni ¢asoprostoru a to Zze Hmota je z néj
vyrobena... Minule jsme mluvili o pozadi gravita¢nich vin - okolni bzug¢eni gravita¢nich vin
ze vzdaleného a starovékého vesmiru. Coz, mimochodem, jsme mozna zjistili pomoci
casovaciho pole pulsaru. Ivan Kilmoc se pta, kde najde zvukové soubory pulzaru, které jsme
hrali v epizodé. Omlouvam se, mél jsem je propojit v popisu. Propojim je v popisu tohoto
videa. Pochazeji z rady raznych radiovych dalekohledu, ale byly shromazdény v Parkes
Observatory v Austrélii. Stu Lora se pt4, zda mohu rozvinout sviij komentai ,,¢as pied velkym
tieskem® - ktery jsem zminil v souvislosti s potencialni slozkou pozadi gravita¢nich vin. Mé¢l



http://www.hypothesis-of-universe.com/docs/g/g_074.pdf
http://www.hypothesis-of-universe.com/docs/g/g_074.pdf
http://www.hypothesis-of-universe.com/docs/g/g_073.pdf
http://www.hypothesis-of-universe.com/docs/h/h_082.jpg

jsem na mysli extrémné energetické udalosti béhem infla¢ni epochy - fluktuace v takzvaném
inflatonovém poli nebo v kone¢ném rozpadu téchto inflatond na konci inflace. Rikam tomu
,,pred velkym tieskem®, protoze mnoho fyziku se vzdaluje od obrazu, kde mate velky tiesk,
pak mate okamzitou inflaci, pak pravidelnou expanzi. Inflace jakozto ,,rozbalovavani*
kiivosti, tempo rozbalovavani, mohla probihat na strané¢ dimenzi ¢asovych (Casor) jinak nez
na strané dimenzi délkovych prostorovych (prostor) Naptiklad ve vééném inflacnim modelu
mohla inflace trvat velmi, velmi dlouho a stale pokracovat téméi vSude - ale piestala v
izolovanych bublinéch - coz odpovida formovani nového vesmiru. Aha, autor navazuje na
myslenky ,,mnoha vesmirt® Dava vétsi smysl mluvit o konci inflace jako o pocatku takového
vesmiru, nez o zac¢atku globalni inflace. Mam jinou vizi nez ,,mnohovesmir (viz *) V
takovém piipadé je tedy posledni okamzik inflace okamzikem velkého tiesku a gravitaéni
Kinkusnacht se pta, zda lze gravita¢ni viny pouzit k testovani myslenek v kvantové gravitaci.
Odpovéd’ je absolutné. Nejznamé;jsi vyhlidkou je detekce podpist prvotnich gravitacnich vin -
vin z infla¢ni epochy. Ty lze nalézt na pozadi gravitacnich vin, ale také nepiimo
prostrednictvim jejich vlivu na kosmické mikrovinné pozadi. Interakce téchto vin ( vin
kiivosti dimenzi ¢asu ) s hmotou bezprostiedné po nafouknuti mohla zpusobit charakteristické
vzorce Vv distribuci hmoty, ? které nyni muzeme vidét ve zpusobu polarizace svétla CMB.
Experiment BICEP2 pozadoval detekci téchto takzvanych ,,b-rezimu“, ale ukazalo se, Ze se
mylili. Ale b-reZimy tam mohou byt a my se hloubé&ji snazime je najit. Béhem inflace se
véfilo, Ze kvantové gravita¢ni efekty by byly velmi dilezité, takze pokud dokazeme ziskat
jakykoli typ signalu, pak se mozna néco nau¢ime. Zadny Mercy8008 netika, Ze zptisob, jakym
jsem popsal lod¢ houpajici se v ocednu, naznacuje, ze bych byl tzasny velitel dungeonti. Hm.
Rekl bych, Ze jsem v nejlepsim piipadé ok dungeon master. Myslim, Ze jsem pravé hodil nat
20 na svou kontrolu dovednosti, abych popsal lodé houpajici se na oceanu. Nebo jste mumlali
své uspory ve srovnani s tim, ze na vas zapusobil nékdo, kdo popisuje lodé houpajici se na
oceanu? Kazdopadné dékuji za kompliment a za piipomenuti, jak moc mi hra chybi.
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