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How Does Gravity Warp the Flow of Time?
Jak gravitace deformuje tok ¢asu?
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(01)- Over the course of your life your feet will age approximately 1 second more than your head
due to gravitational time dilation - and that’s assuming that your life is long and that you’re quite
tall. But that tiny difference in flow of time may be what keeps you stuck to this planet at all. Albert
Einstein really enjoyed imagining people falling off buildings. He said it himself - he described his
happiest thought as the following: “For an observer falling freely from the roof of a house, the
gravitational field does not exist.” We now know this as the equivalence principle - it states that
there’s no experiment that you can do to distinguish a frame of reference in freefall within a
gravitational field from a frame of reference floating off in space in the absence of gravity. Provided
of course you’re in a lab with no windows, and there’s no air resistance, and you haven’t hit the
ground yet. But otherwise, as far as the universe is concerned, the sense of floating you feel in both
circumstances is exactly the same. Likewise, the sense of weight you feel stationary on the surface
of the Earth is identical to the sense of weight you would feel accelerating at 1-g distant from any
gravitational field - at least as far as the laws of physics are concerned. Einstein had his happy
thought in 1907, a couple of years after he started his scientific revolution with the special theory of
relativity. It took him another 8 years and a lot of help to grow this simple idea into his full theory
of gravity - the general theory of relativity. General relativity, or “GR” explains the force of gravity
as being due to curvature in space and time. Mass and energy change the lengths of rulers and the
speeds of clocks - and somehow those changes lead to objects being attracted to each other. John
Archibald Wheeler put this notion the most pithily: Spacetime tells matter how to move; matter tells
spacetime how to curve. A common way to depict this is with the classic balls-on-rubber-sheet
analogy. Balls are constrained to move only on the sheet, and will move in straight lines if the sheet
is flat - but if the sheet is curved then there are no straight lines. But the rubber sheet picture is at
best a crude analogy. For one thing, it implies that curvature in the fabric of space is the cause of
gravitation - but that’s only half - actually less than half the picture. Matter tells space AND time
how to curve, and it’s the curvature of time that’s mostly responsible for telling matter how to
move. There’s a deep connection between gravity and time - gravitational fields seem to slow the
pace of time in what we call gravitational time dilation. And today we’ll explore the origin of this
effect. And ultimately, we’ll use what we learn to understand how curvature in time - this gradient
of time dilation - can be thought of as the true source of the force of gravity. It would actually be
really helpful if you’ve already seen our recent video on paradoxes in special relativity. You could
watch it now if you haven’t. I would wait, but you know where the pause button work. We’re going
to start out by me totally convincing you that time must run slow in a gravitational field - an effect
we call gravitational time dilation. But to do that | need to give you a quick refresher on regular old
time dilation, which tells us moving clocks must appear to tick slowly. This is from special
relativity, rather than general relativity, but even special relativity seems a near miraculous insight.
Einstein also had help and built on prior and contemporary wisdom to develop it. But it’s fair to say
that relativity was discovered in his own imagination - in his brilliant thought- or
gedankenexperiments. Einstein’s thought laboratory - his gedankenlab - was filled with many
incredible imaginary devices, but one of his favorites was the photon clock. This is a simple pair of
perfectly reflective, massless mirrors between which bounces a single photon of light. A counter
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ticks over every time the photon does a full cycle. The photon clock represents the simplest possible
clock, and anything that we conclude for it also applies to any other clock. And, in fact, to any
matter - anything that can experience time, which in practice means anything with mass. We’ve
talked about why this is the case previously. The amount of time taken for one tick of the photon
clock is the distance the photon travels divided by its speed - so twice separation of the mirrors
divided by the speed of light. But let’s say the gerdankenlab is moving at a constant velocity past a
stationary physicist. They see the photon clock ticking, but the photon travels a longer path. How
long does it take to execute that one tick? Here we have to invoke the great founding axiom of
special relativity - that the speed of light is always measured to be the same for all observers, no
matter their personal speed.

(01)- V priabéhu vaseho zivota vaSe nohy zestarnou piiblizné o 1 sekundu vice nez vase hlava v
dasledku gravitacni dilatace ¢asu — a to za predpokladu, ze vas zivot je dlouhy a Ze jste docela
vysoci. Ale tento nepatrny rozdil v toku ¢asu muze byt tim, co vas viibec drzi na této planeté. Albert
Einstein si opravdu uzival piedstavy lidi padajicich z budov. Sam to fekl — svou nejst’astnéjsi
myslenku popsal takto: ,,Pro pozorovatele padajiciho volné ze stfechy domu gravitacni pole
neexistuje.” Nyni to zname jako princip ekvivalence — fika, ze neexistuje zadny experiment, ktery
byste mohli udélat, abyste odlisili vztaznou soustavu pfi volném padu v gravitacnim poli od vztazné
soustavy vznasejici se v prostoru bez gravitace. Samoziejmé za predpokladu, Ze jste v laboratofi bez
oken a bez odporu vzduchu a jesté jste nenarazili na zem. Ale jinak, pokud jde o vesmir, pocit
vznaset se, ktery citite za obou okolnosti, je Uplné stejny. Stejné tak pocit hmotnosti, ktery
pocit'ujete nehybné na povrchu Zemé, je totozny s pocitem hmotnosti, kterou byste pocitovali pfi
zrychleni ve vzdalenosti 1 g od jakéhokoli gravitacniho pole — alespoil pokud jde o fyzikalni
zakony. Einstein mél svou $tastnou myslenku v roce 1907, par let poté, co zah4jil svou védeckou
revoluci se specialni teorii relativity. Trvalo mu dalsich 8 let a hodné pomoci, nez tuto jednoduchou
myslenku rozvinul do své plné teorie gravitace — obecné teorie relativity. Obecna teorie relativity
neboli ,,GR* vysvétluje, ze gravitacni sila je zpisobena zakiivenim prostoru a ¢asu. Hmota a
energie méni délky pravitek a rychlosti hodin — a tyto zmény néjak vedou k tomu, Ze se objekty k
sobé ptitahuji. John Archibald Wheeler vyjadtil tuto piedstavu nejpitomgji: Casoprostor fika hmotg,
jak se pohybovat; hmota fika ¢asoprostoru, jak se zakiivit. Obvykly zpiisob, jak to znazornit, je
klasicka analogie koule na gumé. Kulicky jsou omezeny, aby se pohybovaly pouze po listu, a pokud
je list plochy, budou se pohybovat v pfimych liniich - ale pokud je list zakiiveny, pak Zadné ptimé
¢ary nejsou. Ale obrazek gumové folie je pfinejlepSim hrubd analogie. Jednak to znamena, ze
zaktiveni dimenzi 3+3 ve struktufe vesmiru je pfi¢inou gravitace - ale to je jen polovina - ve
skutecnosti mén¢ nez polovina obrazku. Hmota tikd prostoru A ¢asu, jak se ma zaktivit, a praveé
zakfiveni Casu je vétSinou zodpovédné za to, Zze hmoté fikd, jak se méa pohybovat. Mezi gravitaci a
¢asem existuje hluboké spojeni — zda se, Ze gravita¢ni pole zpomaluji tempo ¢asu v tom, co
nazyvame gravitacni dilataci ¢asu. A dnes prozkoumame ptavod tohoto efektu. A nakonec
vyuzijeme to, co se nauc¢ime, abychom pochopili, jak 1ze zaktiveni v Case — tento gradient dilatace
casu — povazovat za skutecny zdroj gravitacni sily. Bylo by skute¢né uZite¢né, kdybyste jiz vidéli
naSe nedavné video o paradoxech ve specialni relativité. Muzete se na to podivat ted’, pokud jeste
nemate. Pockal bych, ale vite, kde funguje tlacitko pauzy. Zacneme tim, Ze vas uplné presvédcim,
ze Cas musi v gravitacnim poli béZet pomalu — tento efekt nazyvame gravita¢ni dilatace ¢asu.
Abych to mohl udélat, musim vam dat rychlé osvézeni o pravidelné dilataci starého ¢asu, ktera nam
fika, Ze pohybujici se hodiny se musi zdat pomalu tikat. Toto je ze specialni teorie relativity, spise
nez obecné teorie relativity, ale 1 specialni teorie relativity se zda byt téméf zdzratnym vhledem.
spravedlivé fici, ze relativita byla objevena v jeho vlastni pfedstavivosti - v jeho brilantnich
myslenkach - nebo gedanken experimentech. Einsteinova myslenkova laboratot — jeho gedankenlab
— byla plnd mnoha neuvéfitelnych imaginarnich zatizeni, ale jednim z jeho oblibenych byly
fotonové hodiny. Jedna se o jednoduchy par dokonale reflexnich, nehmotnych zrcadel, mezi
kterymi se odrazi jediny foton svétla. Dtto Morleyho-Michelsontiv experimet
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universe.com/docs/d/d_018.pdf Poc¢itadlo zablika pokazdé, kdyz foton provede cely cyklus.
Fotonové hodiny pfedstavuji nejjednodussi mozné hodiny a vSe, co pro né vyvodime, plati také pro
jakékoli jiné hodiny. A vlastn¢ do jakékoli hmoty — ¢ehokoli, co mize zazit ¢as, coZ v praxi
znamena cokoliv s hmotnosti. O tom, pro¢ tomu tak je, jsme hovofili jiz dfive. MnoZzstvi asu
zabereného jednim tiknutim fotonovych hodin je vzdalenost, kterou foton urazi, délena jeho
rychlosti — tedy dvojnasobek vzdalenosti zrcadel dé€lené rychlosti svétla. Ale feknéme, Ze
gerdankenlab se pohybuje konstantni rychlosti kolem stacionarniho fyzika. Vidi, jak tikaji fotonovée
hodiny, ale foton urazi delsi drahu. Jak dlouho trva provedeni tohoto jednoho zaskrtnuti? Zde se
musime odvolat na velky zakladni axiom specialni teorie relativity — ze rychlost svétla je vzdy
meétena jako stejna pro vSechny pozorovatele, bez ohledu na jejich osobni rychlost.

(02)- From the stationary perspective, the photon seems to travel further but it has to keep the
same speed - so it appears to take longer to complete a single up-down tick. Add an identical but
stationary photon clock. It seems to tick more than once for a single tick of the moving clock. And
this apparent slowing of time appears for everything in the moving lab. But the whole situation is
symmetric. For an observer in the moving lab, it appears that the stationary clock is ticking slow.
That’s because there’s no preferred notion of “stillness” in relativity. They see the world as moving,
and themselves stationary. Time dilation due to motion is inevitable if we accept the axiom of the
constancy of the speed of light. To get to gravitational time dilation all we need to do is add in the
equivalence principle as our second axiom. It tells us that whatever we conclude about the passage
of time in an accelerating frame must also be true in a gravitational field. To get an accelerating
frame we could strap rockets to our gerdankenlab - and don’t worry, we will. But first, let’s try this
- build our lab into a giant, ring-shaped space station. If we set it rotating at the right speed then
centripetal acceleration leads to some nice artificial gravity. Let’s also suit up a physicist and have
them float in space at one spot as the space station turns. They’re in a non-accelerating, or inertial
frame of reference. We have a photon clock in the lab and an identical one with the physicist. One
tick of either clock is very short, which means that over that interval the lab moves only a tiny arc
of the full circle. So we can approximate its motion as a straight line. Over that brief interval we
know perfectly well what the time difference is between the two frames of reference. Both
observers see the other’s time has slowed. But after a full revolution, both observers ask each other
how many ticks their clock ticked. And it turns out that the stationary clock did tick more - time
slowed for the rotating case. This seems paradoxical, but the solution is the same as it is for the twin
paradox from our previous episode. The summary is this: two observers moving in straight lines to
each other do perceive the other as time-dilated - slowed. But as soon as one of those observers
changes direction, the symmetry is broken. In the twin paradox, the twin traveling to a nearby star
and back has aged less even though both could see the other’s clock ticking slowly. We can see that
when we use a spacetime diagram to show how the traveler tracks the passage of time back on
Earth. Her perception of what is “simultaneous” to current moment flips at the turnaround point, so
that she misses a bunch of the ticks of her brothers clock. Here’s the spacetime diagram for our
rotating lab. Now 2 dimensions of space instead of one. The spacetime path or worldline of the lab
is a helix, and the lab’s perception of “now” is this shifting plane. It’s easier to see if we just take a
slice out of this - one dimension of space again. Now the worldline is.a sine wave. The lines of
constant time for the moving clock tilt back and forth, and as that line tilts it fast-fowards over the
clock ticks of the stationary clock. The source of acceleration doesn’t matter. You get the same
result if you do strap rockets to the gendankenlab. The photon in the accelerating clock has to chase
the upper mirror some, increasing the distance it needs to travel. On the way down the lower mirror
catches up to it, reducing the down-tick distance. But overall, the distance for a single up-down tick
is larger in a linearly accelerating frame compared to the inertial frame. OK, so what does all this
have to do with gravity? The equivalence principle demands that there’s no experiment that can
distinguish between acceleration and gravity. Ergo someone standing in a gravitational field must
experience the same sense of weight AND the same time dilation that you would get from being
spun in a circle at the right radius and speed, or accelerated with linear acceleration equal to the
gravitational acceleration. If both of our axioms are true - the constancy of the speed of light and the
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equivalence of acceleration and gravity, then time must run slow in gravitational fields. It kind of
blows me away that you can calculate the difference of the flow of time between an inertial and
accelerating frame using pure special relativity with its kinematic time dilation plus shifting
reference frames, OR you can use general relativity to calculate the gravitational time dilation for
the equivalent gravitational acceleration. And you get the same answers. You do have to be careful
to choose the right relative distances between observers. In the case of the twin paradox,
gravitational time dilation gives the right relative time flows if you consider the traveling twin to be
in a gravitational well with a constant acceleration equal to her spaceship’s acceleration.

(02)- Ze stacionarni perspektivy se zda, ze foton cestuje dale, ale musi si udrzovat stejnou rychlost -
takze se zda, ze trva déle, nez dokonci jeden tick nahoru a dold. Ptidejte stejné, ale stacionarni
fotonové hodiny. Zda se, Ze tika vice nez jednou na jediné tiknuti pohyblivych hodin. A toto zjevné
zpomaleni ¢asu se objevuje u vSeho v pohyblivé laboratofi. Cela situace je ale symetricka. Pro
pozorovatele v pohybujici se laboratofi se zda, Ze stacionarni hodiny tikaji pomalu. Je to proto, Ze v
relativité neexistuje preferovany pojem ,,nehybnost®. Vidi svét jako pohybujici se a sebe stojici.
Dilatace ¢asu v diisledku pohybu je nevyhnutelnd, pokud piijmeme axiom stalosti rychlosti svétla.
Toto je vyklad v dledé-rizovém o STR, podle STR Abychom se dostali ke gravitacni dilataci casu,
vSe, co musime ud¢lat, je pfidat princip ekvivalence jako nas druhy axiom. Tak to uz je vyklad
OTR = 1% G.M/c%x = Av/v Rika nam, e cokoliv u¢inime o plynuti ¢asu ve zrychlujicim
se ramci, musi platit také v gravitaénim poli. Abychom ziskali urychlovaci rdm, mohli bychom
privazat rakety k nasi gerdankenlab — a nebojte se, udélame to. Ale nejprve zkusme toto —
postavime nasi laboratot do obfi vesmirné stanice ve tvaru prstence. Pokud nastavime rotaci
spravnou rychlosti, pak dostiedivé zrychleni vede k néjaké pekné umelé gravitaci. Oble¢me také
fyziky a nechme je vznaSet se vesmirem na jednom misté, jak se vesmirna stanice otaci. Jsou v
nezrychlujici se nebo inercidlni vztazné soustavé. V laboratofi mame fotonové hodiny a identické s
fyzikem. Jedno tiknuti obou hodin je velmi kratké, coz znamena, Ze v tomto intervalu se laboratof
posune pouze o maly oblouk celého kruhu. MuZeme tedy aproximovat jeho pohyb jako pfimku.
Takové aproximace nemam rad. Je to podvod na podstaté. Béhem tohoto kratkého intervalu dobie
vime, jaky je ¢asovy rozdil mezi dvéma referen¢nimi snimky. Oba pozorovatelé vidi, ze ¢as toho
druhého se zpomalil. Vidi znamena, ze dostavaji informace a ty jsou pootocené — co tim myslim,
jsem uz piednasel 30x jinde. Ale po Uplné revoluci se oba pozorovatelé jeden druhého ptaji, kolik
tika jejich hodiny. Pouze si mohou poslat informace, a ty jsou ,,cinknuté*. Aby se mohli podivat
,,0s0bné* na ,,cizi“ hodinky, opét musi “procestovat drahu zménou gravita¢niho pole A ukazalo se,
ze stacionarni hodiny tikaly vice - ¢as se pro rotujici pouzdro zpomalil. Hodiny netikaly vice, ale
sam cas tikal jinym tempem v jiné gravitacni hladin¢ Zda se to paradoxni, ale feseni je stejne jako
pro paradox dvojcat z nasi predchozi epizody. Neni to paradoxni, je to stale o té kiivosti dimenzi
¢p, 0 pootaceni soustav Shrnuti je toto: dva pozorovatelé pohybujici se v piimych liniich vici sobé
vnimayji toho druhého jake ¢asove dilatovaneho - zpomaleného. Dostavaji o tom druhém subjektu-
objektu informace ...o pootocenych, tj. kiivych dimenzich. Ale jakmile jeden z téch pozorovatelt
zméni smér, symetrie je narusena. Nastava ono pootaceni soustav.V paradoxu dvojcete dvojce
cestujici k blizké hvézd¢ a zpét zestarlo méné,nikoliv, uz jsem podal presné vysvétleni 20x za
poslednich 5-7 let i kdyZ oba wid€li, nevidéli hodinky ,,in-natura®, ale dostali informace svéd¢ici o
pootoceni soustav. Vyklad mam jinde. jak pomalu tikaji hodiny toho druhého. MiZzeme to vidét,
kdyZ pouzijeme Casoprostorovy diagram, abychom ukézali, jak cestovatel sleduje plynuti ¢asu zpét
na Zemi. Jeji vnimani toho, co je ,,soucasné* s aktualnim okamzikem, se v bod¢ obratu obrati, takze
ji unikne spousta tikotl hodin jejich bratrli. Zde je Casoprostorovy diagram pro nasi rota¢ni
laboratot. Nyni 2 rozméry prostoru misto jednoho. Casoprostorova draha nebo svéto¢ara laboratote
je Sroubovice a vnimani ,,ted laboratofi je tato posouvajici se rovina. Je snazsi vidét, kdyz z toho
jen ubereme kousek — opét jeden rozmér prostoru. Nyni je svétova &ara sinusova vina. Cary
konstantniho ¢asu pro pohybujici se hodiny se naklanéji tam a zpét, a jak se tato ¢ara naklani rychle
vpted nad tikot hodin staciondrnich hodin. Na zdroji zrychleni nezalezi. Stejného vysledku
dosahnete, kdyz udélate femenové rakety do gendankenlabu. Foton v urychlovacich hodindch musi
trochu pronasledovat horni zrcadlo, ¢imz se zvétSuje vzdalenost, kterou potiebuje urazit. Pti



sjizdéni ho spodni zrcatko zachyti a zkrati vzdalenost dolti. Celkové je vSak vzdalenost pro jeden
tick nahoru a dola vétsi v linearn¢ se zrychlujicim snimku ve srovnani s inercialnim snimkem.
Dobre, tak co to ma vSechno spole¢ného s gravitaci? Princip ekvivalence vyzaduje, aby neexistoval
zadny experiment, ktery by dokazal rozlisit mezi zrychlenim a gravitaci. O.K. Takze n¢kdo, kdo
stoji v gravitacnim poli, musi zazit stejny pocit hmotnosti a stejnou dilataci ¢asu, kterou byste
ziskali, kdyz byste se roztocili v kruhu se spravnym polomérem a rychlosti nebo zrychlili s
linearnim zrychlenim rovnym gravitaénimu zrychleni. Pokud plati oba nase axiomy — stalost
rychlosti svétla a ekvivalence zrychleni a gravitace, pak musi ¢as v gravitacnich polich bézet
pomalu. V proménném gravita¢nim poli (coZ je zakiiveny 3+3D ¢asoprostor) se bude ménit tempo
plynuti ¢asu Trochu mé vyvadi z miry, ze mizete vypocitat rozdil toku ¢asu mezi inercidlnim a
zrychlujicim se rimcem pomoci Cisté specidlni teorie relativity s jeji kinematickou dilataci ¢asu a
posunutim referen¢nich soustav, NEBO miiZete pouzit obecnou relativitu k vypoctu gravitacni
dilatace ¢asu pro ekvivalentni gravita¢ni zrychleni. A dostanete stejné odpovédi. O.K.Musite byt
opatrni, abyste zvolili spravné relativni vzdalenosti mezi pozorovateli. V pfipad¢ paradoxu dvojcat
poskytuje dilatace gravitacniho ¢asu spravné relativni ¢asové toky, pokud povazujete cestujici
dvojce za gravitacni studnu s konstantnim zrychlenim rovnym zrychleni jeji vesmirné lodi.

(03)- But how deep in the well? Well, as deep as the distance back to Earth - which is why the time
dilation in this case is so huge, even if the acceleration is mild. Another note of caution: be aware
that circular orbital motion in a gravitational field is very different from our rotating space station-
then both gravitational time dilation and kinematic time dilation play separate roles. So is it some
sort of cosmic coincidence that you get the same number with shifting reference frames as with
artificial gravity? Well no, it’s telling us that the source of the time dilation is fundamentally the
same. OK, this is all fine and good. We’ve reasoned our way to seeing that gravitational time
dilation must be a thing if our axioms are right. But that doesn’t feel entirely satisfying - it doesn’t
seem explanatory. What really is it about the gravitational field that’s causing time to tick slow?
Perhaps the photon - or whatever light-speed quantum components make up matter - actually do
have to travel further - between mirrors or between the forces binding matter. So that photon clocks
and matter do evolve more slowly in gravitational fields. Or is it that if you’re inside a gravitational
field, your sense of “now” is continually sweeping forward compared to regions further outside the
gravitational field? Sure, both of there are valid and there are even more ways to think about this -
and no one of them is closer to reality - they are, in a sense, just our way to map the math to our
intuition. But ultimately, asking “why does gravity slow time” is a bit backwards. A better question
may be “why does slowed time cause gravity”. The curvature of space by matter isn’t nearly
enough to give gravity at the strength we feel it. You’re held in your chair right now by the
curvature in time. In short, you’re held down because your butt is ticking faster than your head. And
I’ll show you exactly why that’s true real soon, when we explore the tangled connections between
time and gravity in a curved spacetime.

(03)- Ale jak hluboko ve studni? No, stejn¢ hluboko, jako je vzdalenost zpét k Zemi — proto je
dilatace ¢asu v tomto piipad¢ tak obrovska, i kdyZ je zrychleni mirné. Dal$i upozornéni: uvédomte
si, ze kruhovy orbitalni pohyb v gravita¢nim poli je velmi odlisny od nasi rotujici vesmirné stanice
— pak jak gravitacni dilatace Casu, tak kinematicka dilatace ¢asu hraji oddélenou roli. Je to tedy
n¢jaka kosmicka ndhoda, ze s posunem referen¢nich soustav ziskate stejné Cislo jako s umélou
gravitaci? No ne, fikd nam to, Ze zdroj dilatace Casu je v zasadé€ stejny. Dobfe, to je vSechno v
potadku a dobré. Zdtvodnili jsme sviij zpusob, jak vidét, ze gravitacni dilatace ¢asu musi existovat,
pokud jsou nase axiomy spravné. Ale to neni Upln€ uspokojivé - nezda se to vysvétlujici. Co to
vlastng je s gravitatnim polem, které zptisobuje pomalé tikani Casu? gravitacni pole se pokiiveny
Casoprostor a tedy i tfi dimenze ¢asu méni svou kiivost — dilatace. Mozna, ze foton - nebo jakakoliv
kvantova rychlost svétla tvotici hmotu - musi ve skutecnosti cestovat dale - mezi zrcadly nebo mezi
silami, které vaZzou hmotu. TakZe fotonové hodiny a hmota se v gravitacnich polich vyvijeji
pomaleji. Nebo je to tak, ze pokud jste uvniti gravita¢niho pole, vas pocit ,,ted* se neustale hybe



vpted ve srovndni s oblastmi ddle mimo gravitacni pole? Jisté, oboji plati a existuje jesté vice
zpusob, jak o tom pfemyslet - a zddny z nich neni blize realité - jsou v jistém smyslu jen nasim
zpiisobem, jak zmapovat matematiku nasi intuici. Musite dokoncit ivahy nad pootacenim soustav,
nad kiivenim dimenzi a nad tim, ze 1 cas ma sv¢ tii dimenze. Ale nakonec je otazka ,,pro¢ gravitace
zpomaluje Cas* trochu zpét. Protoze ona pootoci soustavu ,,testovaciho bodu® a v té soustaveé pak
interval délkovy , kontrahuje* a interval ¢asovy ,,dilatuje, coZ znamena, Ze se interval ¢asovy
natahuje vici etalonovému intervalu, tedy piesnéji obracené : ze soustavy s etalonovymi intervaly
kdyz budete spoustet ,,priméety* na pootocenou dimenzi, tak se na ni interval etalonovy prodlouzi —
dilatuje. !l Leps$i otazka muze byt ,,pro¢ zpomaleny €as zptsobuje gravitaci®. Nikoliv. Budete-li
ktivit 3+1 Casoprostor ( 1épe kiivit 3+D ¢p), tak tim ,,vyrobite gravitaci®. Zakfiveni prostoru hmotou
nestaci na to, aby dodalo gravitaci takovou silu, jakou ji citime. Pravé ted’ vas drzi na zidli zakiiveni
v Case. Strucné feceno, drzite se, protoze vas zadek tika rychleji nez hlava. A brzy vam piesné
ukazu, proc je to pravda, az prozkoumame spletité souvislosti mezi asem a gravitaci v zakiiveném
casoprostoru.
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