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(01)- [MUSIC PLAYING] Einstein's theory of special relativity has shown us mass and time
are not the concrete things we imagine them to be. In recent episodes, we started breaking
apart our preconceived notions of these ideas. In this episode, we're going to rebuild our
understanding and explore the origin of matter and time. What is a thing? No mystery there.
It's just a chunk of stuff that's a self-contained hull. It has boundaries and various properties.
Maybe color, shape, size, mass. This clock is a thing. You're a thing. I'm a thing. Galaxies are
things. And of course, things occupy a location in space. For example, right here. And a
location in time, typically right now. In recent episodes, we cast some doubt on the typical
understanding of two of these properties. A thing's mass, and a thing's experience of time. It's
really important that you're up on those episodes. So go ahead and watch them if you haven't
yet.Today, we're going to bring together these ideas to explore what matter, time, and things
really are.A while ago, we introduced the space time diagram.lIt's just a graph of position in
space-- just one special dimension for simplicity-- versus position in time.In this picture, a
thing ends up tracing a path through time and space. And we call that path its world line.In
fact, thinking in four dimensional space time, a thing is its world line.So we define a thing as
its complete spatial and temporal existence.Let's break it down.You put something-- say this
clock-- on this diagram. And what's it do? If it's not moving in space, it'll just sit in the same
spot on the x-axis.But it will move up at a nice steady space in time. There's nothing you can
do about that. Time marches on. But let me give it a tap. Now, it moves both in space and
time, because position is changing.That diagonal line tells you its speed isn't changing after
the first push. Constant speed equals constant change in position x with time t. The slope tells
you how much position is changing for each tick of the clock. So slope represents speed. This
is a pretty steep slope. So not too much x for every t. It's a slow state.OK. Bad scientist.l
didn't define my units. Let's make it easy and use what physicists call natural units, which just
means that we take the speed of light equal to 1. Light travels 1 x tick for every 1 t tick. And x
and t are whatever they need to be for that to work. For example, we could make the time
divisions 1 second, and the space divisions 300,000 kilometers, because that's how far light
travels each second.If we do that, then light speed things will always level a 45 degree
diagonal path.Always. And nothing can ever go faster. So it's possible for something to travel
one of these steeper paths.They're separated more by time than space. Sub light speed things
can travel them. And we call them time light paths.These would be impossible faster than
light paths. They're called space lag. There's not enough time for anything to travel that much
space. And the 45 degree path, that's a light like path. But what does this look like if we
replace our regular clock with a photon clock? Now remember, a photon clock marks time
with a particle of light bouncing between two mirrors. Each back and forth bounce is one tick
of the clock.Now we'll get back to why this is a good measure of the flow of time in a minute.
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Stationary, the world line of the photon clock looks like this. The clock travels smoothly
straight upward in time. But It is unmoving in space. However, the internal photon still has to
travel those 45 degree light like paths, because photons can only travel at the speed of light.A
second photon clock with a constant speed with respect to the first, travels a steeper time light
path. This is where that whole invariant speed of light thing gets really interesting. Regardless
of the speed of that clock, the internal photons always do those 45 degree paths back and
forth. But check it out.On the timeline of the stationary clock, the ticks of the moving clock
don't match up.The moving clock appears to tick at a slower rate.This is the same result that
we saw in the episode on time dilation.And besides the invariance of the speed of light, the
other fundamental principle of Einstein's special relativity at play here is the Galilean
relativity of motion. There's no preferred inertial, or non-accelerating, reference frame.Now
that means that in the frame of reference of the moving clock; it is stationary.And from that
frame, the first clock appears to be moving. The whole space time diagram can be
transformed to give the second clock's world line a constant location in space. Stretch these
corners and squish these ones like this, and we're basically applying the Lorentz
transformation, which we discussed a while ago.Our space and time axes shift. So the second
clock is still.But the first clock is moving. But those 45 degree lines, and hence the speed of
light, stay the same for everyone.And look.

(01)- [HRANI HUDBY] Einsteinova teorie specilni relativity nam ukazala, Ze hmota a ¢as
nejsou takové konkrétni véci, jak si je predstavujeme. V nedavnych epizodéach jsme zacali
rozbijet nase zazité piedstavy o téchto myslenkach. V této epizodé obnovime nase chapani a
prozkoumame hmoty a ¢asu. co je véc? Zadnd zéhada tam neni. Ale je. A poiddna.
Hmota nevznikla z ,,ni¢eho* jak se fyzikové domnivaji. A ani hmotnost nebyla elementim
hmoty ,,rozdavana“ n¢jakym higgs-bosonem , ktery ji ma nekone¢né mnoho a proto lita po
vesmiru a rozdava ji na potkani. Moje HDV ma feSeni, lepsi, které je smysluplné a naprosto
realistické. Je to jen kus véci, ktery je samostatnym torzem-slupkou. Ma hranice a rtizné
vlastnosti. Mozna barva, tvar, velikost, hmotnost. Ano, elementy hmoty coby balicky
svinutych dimenzi maji tvary, velikost, rizny po¢et dimenzi, a hmotnost je pak vlastnost
hmoty. Tyhle hodiny jsou véc. Jsi véc. Jsem vec. ??? Hodiny jsou mechanizmus na
,ukrajovani* intervald, které Ize porovnavat s intervaly na ¢asové dimenzi, které ,,ukrajuje*
hmota ( pole ) svym pohybem-posunem po 3+3D c¢asoprostoru. Galaxie jsou vé&ci. Hodiny
nejsou ¢as, ale Cas neni stejny artefakt jako hmota a jako Délka potazmo prostor 3 dimenze
délkové. Délka a Cas jsou fenomény jsoucna které nejsou ,, Z né¢eho ani z Niceho*. Ale
hmota ,,z néceho* je, je tedy odvozenou velicinou. Je [postavena prave z dimenzﬂ 3+3 caso-
prostorovych http://www.hypothesis-of-universe.com/docs/c/c_052.jpg ;
http://www.hypothesis-of-universe.com/docs/c/c_041.jpg A samoziejmé, Vecl zaujimaji
misto-polohu ve vesmiru. Napiiklad pravé zde. A misto v ¢ase, obvykle praveé ted’. V
nedavnych epizodach jsme trochu zpochybnili typické chapani dvou z téchto vlastnosti. Véc
je hmota a véc je zkuSenost casu. ?? Je opravdu dulezité, abyste tyto epizody sledovali. Takze
pokracujte a sledujte je, pokud jste to jesté neudélali. Dnes tyto napady-domnénky spojime,
abychom prozkoumali, co hmota, ¢as, prostor a véci skute¢né jsou. Pred chvili jsme
piedstavili prostoro¢asovy diagram. Je to jen graf polohy v prostoru -- jen jedna specialni
dimenze pro jednoduchost -- versus poloha v ¢ase. Na tomto obrazku véc kon¢i tak, ze sleduje
cestu = posun na ¢asové dimenzi a posun na délkové dimenzi, 1épe posun po tfech casovych
dimenzich a posun po tfech délkovych dimenzich ¢asem a prostorem. Nutno si jesté
uveédomit, ze Pozorovatel ktery hodnoti Vesmir, se musi pasovat ,,do klidu*, tedy postavit si
,,svou‘‘ soustavu soufadnou 3+3D. A k tomu si uvédomit, Ze i tato soustava zvolena s nulou
Vv pocatku ,,se posouva Vesmirem i v ¢ase i v prostoru a to tim, Ze se prostor 3L rozbaluje a



http://www.hypothesis-of-universe.com/docs/c/c_052.jpg
http://www.hypothesis-of-universe.com/docs/c/c_041.jpg

¢as 3T se také rozbaluje. A teprve z této pozice sledujeme vyvoj fyzikalnich zmén, jak fika
autor ze : ,,sledujeme cestu NEKOHO-NECEHO prostorem i casem* ktery se méni, a méni se
i tempo plynuti ¢asu — viz STR. A této cesté fikdme jeji svétova cara. O.K. svétocara
pozorovand z pozoroavtelny, ktera byla pasovana do ,,stop-stavu“ tj. do stop-polohy a stop-
Casu...protoze jinak se vSe méni i pro Pozorovatele od Tiesku tim ze se rozbaluje i Cas i
prostor Ve skute¢nosti, kdyz uvazujeme ve ¢tyirozmérném casoprostoru, vec je jeji svétova
¢ara. Vy fyzikové ( nikoliv Vesmir sam ) jste si zvolili ¢asoprostor jako 3+1 dimenzionalni a
tim padem sledujete i tu svétocaru v takovémto casoprostoru. Nikdy jste nezkoumali zda ¢p
muze mit vice ¢asovych dimenzi. http://www.hypothesis-of-universe.com/docs/f/f _020.pdf
Takze definujeme véc jako jeji Uplnou prostorovou a ¢asovou existenci. Pojd’me to rozebrat.
Néco vlozis-- fekni tyto hodiny-- na tomto diagramu. A co to déla? Pokud se nepohybuje v
prostoru, bude jen sedét na stejném misté na ose x. Ale bude se pohybovat nahoru v pékném
stabilnim prostoru v ¢ase. Pro své komentare bohuzel tu nemam pied sebou to video ...S tim
se neda nic délat. Cas b&zi dal. My bézime po &ase, po ¢asové dimenzi a ukrajujeme intervaly,
cas sam neb¢zi....ale ﬁe mozno rozlisit dvé, nejméné dvé, tempa plynuti éasul :

a) pii rozbalovavani Vesmiru, tj. rozbalovavani tii ¢asovych dimenzi ¢p od Ttesku coz vede
ke ,,starnuti* Vesmiru, napf. tady pomocny obrazek = http://www.hypothesis-of-
universe.com/docs/c/c_081.qgif ; http://www.hypothesis-of-universe.com/docs/c/c_239.jpg (
neni tu vidét ty tii ¢asové dimenze...ale prostorové si umi piedstavit i Maruska z 6A
http://www.hypothesis-of-universe.com/docs/f/f 047.jpg ;) a

b) tempo plynuti ¢asu zde na Zemi v dob¢ 13,8 miliard let od Ttesku, o kterém nevime ( a asi
dlouho védét nebudeme ) jak je velké s ,,nulovym tempem to* (nekonecne velky
Casovy interval ) a ,,jednickovym tempem t1*“ (voleny interval) na fotonu , a t; na Zemi
(interval do srovnani s céé, tj. 1/0,000000003335640929 );...c=1/1=x1/t1 > w=xi/t; >
u = xi/to ; http://www.hypothesis-of-universe.com/docs/c/c_048.jpg ; jste presvédceni
skalopevné, ze tempo plynuti ¢asu je vSude mezi galaxiemi a clustry galaxii stejné ? a to
,ted™ 1 pred 5ti miliardami let ? http://www.hypothesis-of-universe.com/docs/c/c_362.jpg

vvvvvv

Lorentzovskych transformaci >
Dostivam se k vysvétlovani své konvence :

1= c = w = W = u
rychlost uun je pak takova, kde soucasné klesa ¢itatel a roste ymenovatel vici céé
Xc > Xy < Xc > Xy
1=
L = tc = L = tw
symbolicky uvedu &islo, které je tim ¢islem, ke kterému se veli¢iny blizi
1 = 0 < 1 > 0
1 = 1 < C'e} = ®

Vibec nevime zda ve ,,stop-Case* pres cely Vesmir zda je v kazdém misté Vesmiru stejné
tempo plynuti ¢asu jako na Zemi.

C) ...arozhodn¢ vime i o dal$ich ,,zménach tempa plynuti ¢asu“ viz STR A vsSechny tii a) ;
b) ; ¢) moznosti vedou ke kombinacim a .. to uz je p€kny gulas nejen ve stop-stavu, ale i

Vv prubéhu geneze Vesmiru ke dnesku. Ale dovolte mi na to klepnout. Nyni se pohybuje jak v
prostoru, tak v ¢ase, protoze poloha se méni. Tato diagonalni ¢ara vam tika, ze jeji rychlost se
po prvnim stisknuti neméni. Konstantni rychlost se rovna konstantni zméné polohy x s ¢asem
t. Sklon vam ik, jak moc se méni poloha pii kazdém tiknuti hodin. Sklon tedy predstavuje
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rychlost. To je pékn¢ strmy svah. Takze ne pfili§ mnoho x na kazdé t. Je to pomaly stav. OK.
Spatny védec sem. Nedefinoval jsem své jednotky. Pojd’me si to zjednodusit a pouzit to, co
fyzici nazyvaji ptirodni jednotky, coz znamena, Ze vezmeme rychlost svétla rovnou 1. ¢ = 1/1
Svétlo se pohybuje 1 x tik na kazdy 1 t tik. A x a t jsou cokoliv, co potiebuji, aby to
fungovalo. Napiiklad bychom mohli udélat ¢asoveé déleni 1 sekundu a déleni prostoru 300 000
kilometru, protoze to je vzdalenost, kterou svétlo cestuje kazdou sekundu. Pokud to udélame,
pak véci s rychlosti svétla budou vzdy vyrovnavat 45stupniovou diagonalni drahu. Vzdy. A nic
nemuze jit rychleji. Je tedy mozné, ze se néco vyda po jedné z téchto strmgjsich cest. Jsou
oddéleny vice ¢asem neZ prostorem. VEci jimi mohou cestovat pod rychlosti svétla. A fikame
jim gasové svételné drahy. Ty by byly nemozné rychleji nez svételné drahy. Rika se jim
prostorova prodleva. Neni dost ¢asu, aby nic cestovalo tolik prostoru. A dréha 45 stupnu, to je
draha podobna svétlu. Jak to ale vypad, kdyz naSe bézné hodiny nahradime hodinami
fotonovymi? Hodiny nejsou ¢as. Hodiny — mechanizmus na ,,tiky* pouze ,.krokuji* intervaly
na dimenzi ¢asové. Nyni si pamatujte, Zze fotonové hodiny oznacuji ¢as ¢astici svétla
poskakujici mezi dvéma zrcadly. Kazdy skok tam a zpét je jednim tiknutim hodin. Nyni se
vratime k tomu, pro¢ je to dobré méfitko toku ¢asu za minutu. Svétova ¢ara fotonovych hodin,
stojici, vypada takto. Hodiny se plynule pohybuji ptimo vzhiru v ¢ase. Hodiny, to je ,,stroj na
intervaly* (Casové), ale pak — sice to jde, aby hodiny/stroj se pohyboval ,,v ¢ase®, tj. aby ten
stroj ukrajoval v 3+3D siti - ptedivu ¢p intervaly, ale k cemu to ma byt ? aby hodiny se ,,svym
Casem se pohybovaly ,,po jiném ¢ase ?, to nerozumim... Ale ve vesmiru se nepohybuje.
Vnitini foton vSak stale musi cestovat onémi 45stupnovymi drahami podobnymi svétlu,
protoze fotony se mohou pohybovat pouze rychlosti svétla. Druhé fotonové hodiny s
konstantni rychlosti vzhledem k tém prvnim se pohybuji po strmé;jsi ¢asové draze svétla. Tady
je celéd ta véc s neménnou rychlosti svétla opravdu zajimava. Bez ohledu na rychlost téchto
hodin vnitini fotony vzdy délaji onéch 45 stupni tam a zpét. Ale podivejte se na to. Na casové
ose stacionarnich hodin se tikot pohyblivych hodin neshoduje. Ovsem v tom je ten ,,vas*
problém. Hodiny tikaji vSude stejné, v celém vesmiru stejne, kdekoliv, ( jsou nastaveny na
néjaké tempo plynuti Casu ), a Z pohledu ,,stacionarniho* Pozorovatele se jemu jevi zména
tempa plynuti ¢asu na objektu , ktery se pohybuje at’ uz rovhomérnym nebo zrychlenym
pohybem, viz STR...ackoliv na tom objektu se zadna zména tempa plynuti ¢asu ( dle stejné
nastavenych hodin ) nekona. Zda se, ze pohybujici se hodiny tikaji pomaleji. Zda se to
»stojicimu® pozorovateli, ktery si ,,dopocitava‘ tempo plynuti ¢asu na raketé na papite podle
STR. A fyzikové nepochopili ze STR je pouze projevem pootaceni soustav, soustavy objektu
v pohybu a soustavy zakladniho Pozorovatele. Jde o stejny vysledek, jaky jsme vidéli v
epizod¢ o dilataci ¢asu A kromé neménnosti rychlosti svétla je dalsim zékladnim principem
Einsteinovy specialni teorie relativity, ktery zde hraje roli, Galileovska relativita pohybu.
Neexistuje zadna preferovana inercialni nebo nezrychlujici referencni soustava. To znamena,
7e v referenéni soustavé pohyblivych hodin je stacionarni. A z této soustavy se prvni hodiny
zdanliveé pohybuji. Cely ¢asoprostorovy diagram lze transformovat tak, aby svétova cara
druhych hodin méla konstantni polohu v prostoru. Natahnéte tyto rohy a zmacknéte je takto, a
v podstaté aplikujeme Lorentzovu transformaci, o které jsme mluvili pfed chvili. Nase
prostorové a ¢asové osy se posouvaji.se pootaceji Takze druhé hodiny jsou stale. Ale prvni
hodiny se pohybuji. Ale téch 45 stupnit, a tedy i rychlost svétla, zastavaji pro vSechny stejné.
A podivejte se

(02)- The now stationary frame sees the now moving frame as having a slower clock

rate. That's totally weird. But it's the right answer. So what this means is that there's no single
preferred vertical time axis, or indeed, horizontal space axis. We can draw that time axis
along any constant velocity time-like path, and just Lorentz transform to get a valid



perception of space time.This means that the flow of time is not a universal thing. It's defined
locally for any observer, or indeed, thing. But there's no global rate of time flow that everyone
can agree on. What defines that local time flow? First, let's think more carefully about what
these clock ticks really are. We already covered the fact that real matter is comprised of
massless light speed components confined not by mirrored walls, but by interactions with
other particles and force fields. And that's an interpretation we can take even for the most
elementary components of the atom, in which the familiar electrons and quarks are
composites of massless particles confined by the Higgs interaction. Or be it on time scale
shorter than the plank time.In this analogy, those clock ticks become interactions between the
internal parts of our atoms and nucleons. At each interaction, particles exchange energy,
charge, and other properties that result in change. In those particles, and in the configuration
of the ensemble-- the object itself-- the internal machinery of the thing evolves. And on our
space time diagram, our object becomes an impossibly complex ensemble of light speed
world lines confined in equally complex ways. Just as with the photon clock, it's only the
ensemble that can travel slower than light, or be still.Its most elementary parts can't do that.
They have to travel at light speed.Now, a note of caution is important. We're extrapolating the
validity of space time diagrams, and these tiny lifelike segments into the quantum realm.Even
the Planck scale realm. But this picture is still a meaningful perspective on reality.It's a pretty
wild view take on our understanding of our theme. It's not just a single world line, but an
evolving arrangement of many light-like paths that only taken together, give us a sense of
stillness, a sense of thingness, and a sense of time. That time manifests as the rate of change
of its internal machinery. And the rate is governed by the speed at which that machinery can
interact. Now here's something that seems to be a more concrete reality than the flow of
time.Those interactions which proceed by causal connections. One of them-- a point on the
space time diagram-- can influence another if a signal can travel between the two. Those
causal time-like paths can be thought of as a series of light-like segments. Two infinitesimally
nearby bits of the universe can affect each other at exactly the speed of light. This gives us an
ordered sequence of cause and effect-- this, then that. Time traces that ordered sequence, and
looks different from different perspectives. But the causal order looks the same to everyone.
In this picture, time and mass and matter become emergent properties of the causal
propagation of patterns of interactions between timeless, massless parts. But what defines the
direction of the flow of time? And what is the nature of these most elementary causal
interactions? Great questions for future episodes of "Space Time." For our recent episode on
when time breaks down, you guys had some amazing questions. Kovacs asks, how can it be
that if an elementary particle doesn't experience time, that they can still decay? So any particle
that can decay, or even oscillate between states, like the electron's chirality flip, is
experiencing time, which goes hand-in-hand with them having mass. However, quarks and
electrons gain their intrinsic mass by interacting with the Higgs field. In fact, these guys are
really composite particles. The familiar electron is really a composite of the left and the right-
handed chirality electron and anti-positron, which on their own are massless. So when | say
that elementary particles don't feel time, that's what I'm talking about. These basic vibrations
of their quantum fields-- the time that the electron or quark feels-- is felt by the composite
particle, not by their components. OK. So a lot of you independently realized that the time
dilation of special relativity seems to generate a paradox. What happens when an astronaut
does a round trip at a large fraction of the speed of light, and returns to compare her clock to
one left on Earth? From both perspectives, the other clock was moving, and so should have
ticked slower. But which clock has the time lag when they get back together? This is a famous
problem call the twin paradox. You have a pair of twins. One takes a fast trip around the
galaxy. The other stays at home.



(02)- Nyni stacionarni snimek vidi nyni pohybujici se snimek jako s pomalejsim taktem. To
je uplné divné. Ale je to spravna odpoveéd’. Takze to znamena, ze neexistuje zadna
preferovand vertikalni ¢asova osa nebo dokonce horizontalni prostorova osa. Mizeme
nakreslit tuto ¢asovou osu podél jakékoli cesty podobné ¢asu s konstantni rychlosti a pouze
Lorentzovou transformaci ziskat platné vnimani ¢asoprostoru. To znamena, ze tok ¢asu neni
univerzalni véci. Je definovan lokalné pro kazdého pozorovatele, nebo vlastné véc. Ale
neexistuje zadné globalni tempo plynuti ¢asu, na kterém by se vSichni shodli. Zajimave... to
jako ze se fyzikové o tempo plynuti ¢asu piou ?? V mych diskusich ano, tam tito vSeznalkové,
at’ feknu cokoliv, jsou proti, vZdy pouze proti. ( argumentace nemaji a...a pokud né€kdy ano,
pak na dalsi mé proti-argumentace uz nereaguji ) Co definuje tok mistniho ¢asu? Nejprve se
peclivéji zamysleme nad tim, co tyto hodiny ve skutecnosti jsou.!! Jiz jsme se zabyvali
skutec¢nosti, Ze skute¢na hmota se sklada z nehmotnych slozek rychlosti svétla, které nejsou
omezeny zrcadlovymi sténami, ale interakcemi s jinymi ¢asticemi a silovymi poli. A to je
interpretace, kterou mazeme prijmout ?? i pro ty nejelementarné;si soucasti atomu, ve kterych
jsou znamé elektrony a kvarky slozeny z bezhmotnych ¢astic omezenych Higgsovou
interakci. Nebo je to v ¢asovém meétitku kratsim neZ je doba prkna. V této analogii se tyto
hodiny stavaji interakcemi mezi vnitinimi ¢astmi nasich atomu a nukleonu. Pii kazdé
interakci si ¢astice vymenuji energii, naboj a dal$i vlastnosti, které maji za nasledek zménu. V
téchto ¢asticich a v konfiguraci celku — objektu samotného — se vyviji vnitini aparat véci. A
na naSem ¢asoprostorovém diagramu se nas objekt stdvd nemozn¢ slozitym souborem linii
svéta rychlosti svétla ohrani¢enych stejné slozitymi zpusoby. Stejné jako u fotonovych hodin
je to pouze soubor, ktery muze cestovat pomaleji nez svétlo nebo byt v klidu. Jeho
nejzéakladnéjsi ¢asti to nedokazou. Musi cestovat rychlosti svétla. Nyni je dileZita opatrnost.
Extrapolujeme platnost ¢asoprostorovych diagramu a téchto malych Zivych segmentt do
kvantové tise. Dokonce i tisi v Planckové métitku. Ale tento obréazek je stale smysluplnym
pohledem na realitu. Je to docela divoky pohled na nase chapani naseho tématu. Neni to jen
jedna svétova ¢ara, ale vyvijejici se usporadani mnoha cest podobnych svétlu, které se pouze
spojuji, davaji ndm pocit ticha, pocit vécnosti a pocit ¢asu. Ten ¢as se projevuje jako rychlost
zmény jeho vnittniho aparatu. A rychlost se fidi rychlosti, s jakou mohou tyto stroje
interagovat. Nyni je zde néco, co se zda byt konkrétné&;jsi realitou nez tok ¢asu. Ty interakce,
které probihaji kauzalnimi souvislostmi. Jeden z nich - bod na ¢asoprostorovém diagramu -
muze ovlivnit druhy, pokud mezi nimi muaze cestovat signél. Tyto kauzalni casové cesty lze
povazovat za sérii segmentt podobnych svétlu. Dva nekone¢né blizké ¢asti vesmiru se mohou
navzajem ovliviiovat piesné rychlosti svétla. To ndm dava usporadanou sekvenci piiciny a
nasledku--to, pak tamto. Cas sleduje usporadanou sekvenci a vypada jinak z riiznych
perspektiv. Ale kauzalni potadi vypada pro vSechny stejné. V tomto obrazku se ¢as, hmota a
hmota stavaji vynofujicimi se vlastnostmi kauzalniho $ifeni vzorcu interakci mezi
nadc¢asovymi, bezhmotnymi ¢astmi. Co vSak urcuje smér toku ¢asu? \VV makrosvéte je to
rozbalovavani kiivosti dimenzi od Ttesku. A jaka je povaha téchto nejzékladné;sich
kauzalnich interakci? Skvélé otazky pro budouci epizody ,,Space Time*. Pro nasi nedavnou
epizodu o tom, kdyz se ¢as zhrouti, jste meli nékolik izasnych otazek. Kovacs se pta, jak je
mozné, zZe kdyz elementarni ¢astice nezazije ¢as, muze se stale rozkladat? Takze kazda
castice, kterd se muze rozpadnout nebo dokonce oscilovat mezi stavy, jako je prevraceni
chirality elektronu, zaziva cas, ktery jde ruku v ruce s tim, Zze maji hmotnost. Nicmén¢ kvarky
a elektrony ziskavaji svou vnitini hmotnost interakci s Higgsovym polem. Ve skute¢nosti jsou
tito lidé opravdu slozenymi ¢asticemi. Znamy elektron je ve skute¢nosti sloZeninou levého a
pravotocivého chirdlniho elektronu a anti-pozitronu, které samy o sob¢ jsou bez hmotnosti.
Takze kdyz fikam, Ze elementarni ¢astice neciti ¢as, tak o tom mluvim. Tyto zakladni vibrace
jejich kvantovych poli — ¢as, ktery elektron nebo kvark citi — pocit'uje sloZzena ¢astice, nikoli



jeji slozky. ?! OK. Mnoho z vas si tedy nezavisle uvédomilo, ze dilatace ¢asu specialni teorie
relativity vytvaii paradox. Co se stane, kdyz astronaut udéla zpate¢ni cestu velkou zlomkem
rychlosti svétla a vrati se, aby porovnal své hodiny s témi, které zbyly na Zemi? Z obou
pohledu se druhé hodiny pohybovaly, a tak mély tikat pomaleji. Ale které hodiny maji
Casovou prodlevu, kdyz se daji znovu dohromady? Toto je slavny problém, kterému se fika
paradox dvojcat. Méate par dvojcat. Jeden podnikne rychly vylet po galaxii. Druhy ztstava
doma.

(03)- When they get back together, which appears older? So, nice work if you came up with
this independently. The resolution is that there is no such thing as a paradox. If you see an
apparent paradox, it means that you're missing something. In this case, it's that special
relativity doesn't fully describe the scenario here. In order to compare clocks, the astronaut
has to turn around at the end of the journey and come home. That change in motion is an
acceleration. And special relativity only describes the relative effects on time and space due to
a constant relative motion. To account for the effect of acceleration, you need to use general
relativity. GR tells us that accelerating reference frame feels a slower passage of time. So the
answer is that the astronaut's clock, or the traveling twin, has experienced less time.
Ectoplasm2369 asks whether you'd feel time dilation in a warp drive. That's actually a great
question. So for the Alcubierre warp metric, there's actually no time dilation either due to
motion or acceleration. Your timeline remains synced to the timeline of your point of origin.
Bruno JML would like to know in what reference frame Pink Floyd's "Dark Side of the
Moon" syncs to when time breaks down. So in order to fit the whole album into the episode,
you need to slow your clock by accelerating uniformly from rest to 99% of the speed of light
by the end of eclipse. The start of the song time should sync with the appearance of the
photon clock.

12:22

[MUSIC PLAYING]

(03)- Kdyz se daji znovu dohromady, kdo vypada star§i? Takze dobra prace, pokud jste na to
prisli nezavisle. ReSenim je, Ze nic takového jako paradox neexistuje. Pokud vidite zdanlivy
paradox, znamena to, Ze vam néco chybi. V tomto ptipadé jde o to, ze specialni teorie
relativity pIné nepopisuje tento scénai. Aby mohl astronaut porovnat hodiny, musi se na konci
cesty otocit a vratit se domt. Ta zména pohybu je zrychleni. A specialni teorie relativity
pouze popisuje relativni U¢inky na ¢as a prostor v dusledku konstantniho relativniho pohybu.
O.K. Chcete-li zohlednit G¢inek zrychleni, musite pouzit obecnou relativitu. O.K. GR nam
fika, ze zrychlujici se referenéni ramec ma pocit, Ze ¢as plyne pomaleji. Zrychlujici se ,,vlastni
soustava objektu — rakety* zaktivuje Cas i prostor a tim padem se objekt pootaci vici
»stacionarnimu* Pozorovateli, ktery ,,pozoruje* dilataci ¢i kontrakci, ( dostava pootocené
informace ) ale ona tam na raket€ neni !!!!, pootaci se soustavy tedy i intervaly a tak pfi
porovnani se jevi interval ¢asovy raketovy prodlouzeny-dilatovany. Ale v real nadhledu neni !
STR je tedy pouze ,teorie predvadéjici pootaceni soustav, nikoliv zménu tempa ¢asu. Mi
odpirci to nikdy nepochopili a do smrti nepochopi. . Odpovedi tedy je, ze
astronautské hodiny, respektive cestujici dvojce, zazily méné ¢asu.Ne je to chyba. Pii brzdéni
rakety k Zemi se opét vrati (dilatované) tempo plynuti ¢asu zpét na tempo pozemské a...a obé
dvojcata se potkaji >stejné staré< . Ectoplasm2369 divak se pta, zda byste citil dilataci ¢asu
ve warp pohonu. To je vlastné skvéla otazka. Takze pro metriku Alcubierre warp ve
skute¢nosti neexistuje zadna dilatace ¢asu kviili pohybu nebo zrychleni. Vase ¢asova osa
zastane synchronizovana s ¢asovou osou vaseho vychoziho bodu. Bruno JML by rad vedél, v
jakem referenénim ramci se "Dark Side of the Moon" od Pink Floyd synchronizuje, kdyz se



Cas zlomi. Aby se tedy do epizody veslo celé album, musite hodiny zpomalit rovnomérnym
zrychlenim z klidu na 99 % rychlosti svétla do konce zatmeni. Zacatek casu skladby by se mel
synchronizovat se vzhledem fotonovych hodin. 12:22 [HRANI HUDBY]

©

Toto video mélo nazev ,,Puvod hmoty a casu* ; bohuzel se autor k vysvétleni a popisu
puvodu ¢asu ani hmoty viibec nedostal. ®
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