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Hubbleovo napéti: Je kosmologie v krizi? Vime, ze se vesmir rozpina,
ale védci se neshodnou na rychlosti. To je legitimni probléem.
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(01)- The universe is expanding. This is a well-established fact and one that scientists have
known for nearly a century. It was first proposed by Russian physicist Alexander Friedmann
in 1922 and again independently in 1927 by Belgian astronomer Georges Lemaitre.
Confirming observational evidence was first published in 1929 by American astronomer
Edwin Hubble.

While the expansion of the cosmos is accepted nearly universally among the scientific
community, two very precise estimates of the rate at which the Universe is expanding
disagree with one another. This is called the “Hubble tension,” and it may be the first
significant inkling that cosmologists have overlooked something in their theory of the creation
and evolution of the Universe. While the explanation of the disagreement might be ascribed to
an error in one or both of the estimates, recent measurements suggest that the discrepancy is
real, leaving scientists to take a hard look at the entire situation.

Universe expansion: A rubber band analogy

The expansion rate of the Universe can be a confusing concept that is perhaps best introduced
by analogy. Suppose you have a rubber band that is two units long, with a mark at the center.
You attach one end of the band to an unmovable hook and hold up the other end to ensure that
it is straight. Thus, the end you are holding is two units away from the hook, while the mark is
one unit away.

Then, imagine that you grab the loose end and stretch it, so as to double the length, taking one
second to do it. The end is now four units away from the hook, while the mark at the center is
two units away. Thus, the mark moved one unit in one second, while the loose end moved two
units in a second. The key point is that the spot more distant from the hook moved more
quickly than the one nearer the hook. In the language of cosmology, the velocity of a spot on
the rubber band is one unit per second for every unit of distance from the hook.

The expansion of the cosmos is exactly the same: More distant objects in the Universe are
moving away from the Earth quicker than closer ones. In round numbers, distant galaxies
move away from the Earth at a rate of 70 kilometers per second for every million parsecs of
distance. (A parsec is a historical unit of astronomical distance equal to 3.26 light years.)
Thus, a galaxy at one megaparsec from the Earth moves away at a rate of 70 km/s; a galaxy
two megaparsecs away moves at a rate of 140 km/s. This rate is called the Hubble constant,
and the basic idea is very well established.

The Hubble tension

However, there are several ways to determine the Hubble constant. The first and most
straightforward way is to measure the distances to galaxies and simultaneously measure their
velocity. You can then determine the galaxies’ velocities as a function of distance. When you
do this, you find that the Hubble constant has a value of about 73 = 1 km/s per megaparsec.
Different groups obtain slightly different values, but they are all quite consistent. This value
of the Hubble constant is called the “late time” version, as it iS determined from the period
relatively late in the lifetime of the Universe.



https://bigthink.com/hard-science/hubble-tension-cosmology-crisis/?utm_source=mailchimp&utm_medium=email&utm_campaign=weeklynewsletter
https://bigthink.com/hard-science/hubble-tension-cosmology-crisis/?utm_source=mailchimp&utm_medium=email&utm_campaign=weeklynewsletter
https://www.facebook.com/sharer/sharer.php?u=https://bigthink.com/hard-science/hubble-tension-cosmology-crisis/
https://www.facebook.com/sharer/sharer.php?u=https://bigthink.com/hard-science/hubble-tension-cosmology-crisis/
https://twitter.com/intent/tweet?url=https://bigthink.com/hard-science/hubble-tension-cosmology-crisis/&text=The%20Hubble%20tension%3A%20Is%20cosmology%20in%20crisis%3F
https://twitter.com/intent/tweet?url=https://bigthink.com/hard-science/hubble-tension-cosmology-crisis/&text=The%20Hubble%20tension%3A%20Is%20cosmology%20in%20crisis%3F
https://www.linkedin.com/sharing/share-offsite/?url=https://bigthink.com/hard-science/hubble-tension-cosmology-crisis/
https://www.linkedin.com/sharing/share-offsite/?url=https://bigthink.com/hard-science/hubble-tension-cosmology-crisis/
https://bigthink.com/starts-with-a-bang/who-really-discovered-the-expanding-universe/
https://iopscience.iop.org/article/10.3847/1538-4357/ac8e04#apjac8e04s6

There is another way to determine the Hubble constant by examining the conditions of the
cosmos shortly after it began. The Universe began 13.8 billion years ago in a cosmic
cataclysm called the Big Bang. While it is somewhat misleading, one can imagine the Big
Bang as a vast explosion, which included a glowing fireball and a rumbling sound. In the very
early Universe, the fireball was impenetrable but, when the cosmos was a mere 0.003% its
current age, the expansion cooled the Universe enough that light could escape the fireball and
travel across the cosmos.

While the Universe was glowing hot at that early time, the expansion of space over the eons
has cooled it until the light is no longer visible. Indeed, that once-visible light is now only
microwaves, which can be detected by radio antennas. This primordial whispering remnant of
the Big Bang is called the Cosmic Microwave Background (CMB), and it was first detected
back in 1964.

(01)- Vesmir se rozpina. To je dobfe prokazany fakt, ktery védci znaji jiz téméf stoleti.
Poprvé to navrhl rusky fyzik Alexander Friedmann v roce 1922 a znovu nezavisle v roce 1927
belgicky astronom Georges Lemaitre. Potvrzujici pozorovaci dikazy poprvé publikoval v
roce 1929 americky astronom Edwin Hubble. Zatimco expanze vesmiru je védeckou
komunitou pfijiméana téméf vSeobecné, dva velmi piesné odhady rychlosti, jakou se vesmir
rozpina, spolu nesouhlasi. Rika se tomu ,,Hubbleovo napéti“ a miize to byt prvni vyznamny
naznak toho, Ze kosmologové néco ve své teorii stvofeni a vyvoje vesmiru piehlédli. Zatimco
vysvétleni neshody by mohlo byt pfipsano chybé v jednom nebo obou odhadech, nedavna
méfeni naznacuji, Ze nesrovnalost je skute¢na, coz nechava védce, aby se na celou situaci
dikladné podivali. Expanze vesmiru: Analogie s gumickou Rychlost expanze vesmiru miize
byt matouci pojem, ktery je mozna nejlépe predstaven analogicky. Pfedpokladejme, Ze mate
gumovy pasek dlouhy dvé jednotky se znackou uprostied. Jeden konec pasku ptipevnite k
nepohyblivému hacku a druhy konec pfidrzite, abyste zajistili, Ze je rovny. Konec, ktery
drzite, je tedy dvé jednotky od hacku, zatimco znacka je o jednu jednotku dal. Pak si
ptedstavte, Ze uchopite volny konec a natdhnete ho, abyste zdvojnasobili délku, pficemZ to
trva jednu sekundu. Konec je nyni ¢tyii jednotky od hacku, zatimco znacka ve stiedu je
vzdalena dvé jednotky. Znacka se tedy posunula o jednu jednotku za sekundu, zatimco volny
konec se posunul o dv¢ jednotky za sekundu. Klicovym bodem je, ze misto vzdalengjsi od
hacku se pohybovalo rychleji nez to, které bylo k hacku blize. V feci kosmologie je rychlost
bodu na gumicce jedna jednotka za sekundu na kazdou jednotku vzdalenosti od hacku.
Expanze kosmu je tplné stejnd: Vzdalengjsi objekty ve vesmiru se vzdaluji od Zemé rychleji
nez ty blizsi. V kulatych ¢islech se vzdalené galaxie vzdaluji od Zemé rychlosti 70 kilometri
za sekundu na kazdy milion parsekl vzdalenosti. (Parsek je historické jednotka astronomické
vzdalenosti rovnajici se 3,26 svételnym letim.) Tak se galaxie ve vzdalenosti jednoho
megaparseku od Zemé vzdaluje rychlosti 70 km/s; galaxie vzdalena dva megaparseky se
pohybuje rychlosti 140 km/s. Tato rychlost se nazyva Hubbleova konstanta a zakladni
myslenka je velmi dobie zavedend. Hubbleovo napéti Existuje v§ak nékolik zplsobi, jak urcit
Hubbleovu konstantu. Prvnim a nejptimé&j$im zplisobem je méftit vzdalenosti galaxii a
soucasné méfit jejich rychlost. Potom muzete urcit rychlosti galaxii jako funkci vzdélenosti.
Kdyz to udélate, zjistite, ze Hubbleova konstanta ma hodnotu asi 73 + 1 km/s na megaparsek.
Rizné skupiny ziskavaji mirn€ odli$né hodnoty, ale vSechny jsou zcela konzistentni. Tato
hodnota Hubbleovy konstanty se nazyva verze ,,pozdniho ¢asu®, protoZe je urc¢ena z obdobi
relativné pozdniho Zivota vesmiru. Existuje dalsi zpisob, jak ur¢it Hubbleovu konstantu
zkoumanim podminek ve vesmiru kratce po jejim zacatku. Vesmir zacal pied 13,8 miliardami
let v kosmickém kataklyzmatu zvaném Velky tiesk. I kdyZ je to pon¢kud zavadgjici, 1ze si
Velky tiesk predstavit jako obrovskou explozi, ktera zahrnovala zatici ohnivou kouli a dunivy
zvuk. Ve velmi raném vesmiru byla ohniva koule neprostupna, ale kdyZz byl vesmir pouhych
0,003 % svého soucasného stafi, expanze ochladila vesmir natolik, ze svétlo mohlo uniknout z
ohnivé koule a cestovat vesmirem. Zatimco vesmir v té rané dob¢ Zhnul, expanze vesmiru ho
béhem eontl ochladila, az svétlo jiZ neni vidét. Skutecné, toto kdysi viditelné svétlo jsou nyni
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pouze mikroviny, které Ize detekovat rddiovymi anténami. Tento praptivodni Septajici
pozustatek velkého tresku se nazyva kosmické mikrovinné pozadi (CMB) a byl poprvé zjistén
jiz v roce 1964.

(02)- The sound waves of the Big Bang were locked into the early fireball, resulting in tiny
variations in the CMB. Astronomers can measure those variations very precisely. Using those
patterns, they can take all factors known to have any relevance to the Big Bang and
subsequent evolution of the Universe and predict a value of the Hubble constant for our
current day. This approach hinges crucially on the measurements of these variations in the
CMB as well as various theoretical ideas. Using this “early time” information, astrophysicists
predict that the Hubble constant should be about 67.5 + 0.5 km/s per megaparsec.
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Thursday

Fields marked with an * are required

And there’s the rub, as they say. The early time and late time measurements simply disagree,
and this specifically is what is referred to as the Hubble tension. Disagreements tend to
generate excitement in the astronomical community because a discrepancy of this magnitude
could mean theories need to be rethought. In other words, there is more science out there to
discover.

What explains the Hubble tension?

However, before anyone gets too excited, it is important that researchers verify their results.
A mistake in a measurement could explain everything. The most likely mistake is that
researchers determining the “late time” value of the Hubble constant could have mismeasured
the distance to the galaxies they have studied. However, two new studies (one and two) claim
to have reduced the range of possible uncertainties of “late time” measurements to such a
degree that many researchers are beginning to think about how our understanding of the birth
and evolution of the Universe might be modified.

So, what could it be? The early time measurements predict that the Hubble constant in the
modern day should be smaller than is currently measured. If taken seriously, this implies that
some unknown physical phenomenon gave the Universe a “kick” early on, resulting in the
current, speedier measurements. One idea that has been proposed is that during the first 10%
of the lifetime of the Universe, a form of repulsive gravity turned on briefly, giving the
expansion of the Universe a brief nudge, before somehow “turning oft” and disappearing.
While that conjecture is certainly a bold one, it is similar to a phenomenon we see in the
current day, in which a form of energy called “dark energy” is causing the expansion of the
Universe to speed up. Since we observe strong evidence for dark energy, suggesting a similar
effect earlier in the history of the cosmos isn’t unreasonable.

Regardless of the final explanation, the Hubble tension is shaping up to be a fine mystery.
Ongoing efforts continue to try to refine both the early and late time estimates of the Hubble
constant, and it will be some time before the question is resolved.
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(02)- Zvukové viny Velkého ttesku byly uzavieny do rané ohnivé koule, coz mélo za
nasledek drobné odchylky v CMB. Astronomové mohou tyto variace zméfit velmi presné.
Pomoci téchto vzort mohou vzit v§echny faktory, o kterych je znamo, Ze maji néjaky vyznam
pro Velky tiesk a nasledny vyvoj vesmiru, a predpovédét hodnotu Hubbleovy konstanty pro
nas soucasny den. Tento pfistup zdsadné zavisi na méteni téchto variaci v CMB a také na
ruznych teoretickych myslenkach. Astrofyzici na zaklad¢€ téchto informaci z ,,rané¢ho Casu*
predpovidaji, Ze Hubbleova konstanta by méla byt asi 67,5 + 0,5 km/s na megaparsek. Stari
13,86 miliard let Ptihlaste se k odb&ru neintuitivnich, piekvapivych a ptsobivych piibéht
dorucovanych do vasi schranky kazdy ¢tvrtek Pole oznacena * jsou povinna A jak se tika, je
tu haéek. Casova a pozdni méfeni jednoduse nesouhlasi, a to je konkrétng to, co se nazyva
Hubbleovo napéti. Neshody maji tendenci vyvolavat vzruSeni v astronomické komunité,
protoze rozpor tohoto rozsahu by mohl znamenat potiebu prehodnotit teorie. Jinymi slovy,
existuje vice védy k objevovani. Co vysvétluje Hubbleovo napéti? Nez se vSak nekdo prili§
vzru$i, je dilezité, aby vyzkumnici své vysledky ovéfili. Chyba v méfeni by mohla vSe
vysvétlit. Ale ona chyba nebude v méteni rudého posuvu, ale v dosazovani naméfenych
hodnot do chybnych rovnic, viz cefeidy. Chyba je ve vasi doktring, v teorii. Casoprostor nejen
lokalni, viz OTR, ale i globalni je zakiiveny, a smérem ke Ttesku se kiivost prudce zvysuje.
TakzZe se vesmir nerozpind, ale se rozbaluje. http://www.hypothesis-of-
universe.com/docs/c/c_223.jpg Takze vzdalenost k nejmlad$im cefeidam je tam v mlad$im
vesmiru uz v oblouku, ale vy vzdalenost chybné zjistujete v domnéni, Ze vzdalenost je stale
Vv piimce, nekfiva, rovnd, plochy prostor. Pfesné€ stejnd chyba jako v galaxii, kde naméfené
hodnoty V.Rubinova dosazovala do ,,Spatného Newtona“ http://www.hypothesis-of-
universe.com/docs/c/c_439.jpqg ; http://www.hypothesis-of-universe.com/docs/j/j_208.jpg .
Nékde kolem hodnot 400 000 let od Ttesku se kiivost ¢p prudce méni, proto jsou cefeidy
chybné vyhodnocovany a chybné jejich vzdalenost http://www.hypothesis-of-
universe.com/docs/c/c_239.jJpg Nejpravdépodobnéjsi chybou je, ze vyzkumnici urcujici
hodnotu Hubbleovy konstanty ,,pozdniho ¢asu‘ mohli Spatné zmétit vzdalenost ke galaxiim,
které studovali. Ano. Spatné mohli né zméfit, ale vyhodnotit rudy posuv cefeid. Dvé nové
studie (jedna a dv¢) vsak tvrdi, Ze snizily rozsah moznych nejistot métfeni ,,pozdniho ¢asu“ do
takové miry, Ze mnozi vyzkumnici za¢inaji premyslet o tom, jak by mohlo byt nase chapani
zrozeni a vyvoje vesmiru upraveno, pozmeénéno. Zacnéte chapat, Zze v raném vesmiru ( kolem
reliktniho zafeni ) uz mohl byt ¢asoprostor znacné zaktiven. Takze, co by to mohlo byt?
Rozbalovani ¢asoprostoru a tim jind vyhodnocovani rudého posuvu. Dtivéjsi méfeni
predpovidaji, Ze Hubbleova konstanta v moderni dob€ by méla byt mensi, nez se v
soudasnosti méfi. 67,6... km st Mpc? (1/H = 14,24 miliard let) - moje hodnota
vypocitana pred 20ti lety, tedy né z kiistalové koule, ale vypocitana.

Pokud se to vezme vazné, znamena to, ze néjaky neznamy fyzikalni jev a tim je zvySujici se
kiivost dimenzi 3+3D ¢asoprostoru. Ja nejsem vSeveéd, neznam piesnou metodiku méfeni ani
vypoctu, ale z ,,Principu teorie o kifiveni* dimenzi ve Tiesku a rozbalovavani Vesmiru
nasledné, to nemlize byt jiny divod téch chyb a jiny jev-neznamy, nez ta kiivost dimenzi a
tedy chybné ,,méfeni* vzdalenosti ,,v pokiiveném ¢p*. vesmir brzy ,,nakopnout®, coz ma za
nasledek soucasnd, rychlej$i méteni. Jedna mySlenka, ktera byla navrzena, je, Ze béhem
prvnich 10 % Zivota vesmiru se nakratko zapnula forma odpudivé gravitace, kterd expanzi
vesmiru nakratko poposla, nez se néjak ,,vypnula“ a zmizela. Ne, zvazujte mtj navrh o
,rozbalovavani vesmiru, tj. dimenzi 3+3 od Tiesku... http://www.hypothesis-of-
universe.com/docs/c/c_223.jpg tato ukazka je -pozor — zavadgjici, protoze ta singularita neni
V jednom bod¢ ale ,,v kazdém bodé¢ nekonecného casoprostoru®. I kdyz je tato domnénka jisté
odvazna, je podobna jevu, ktery vidime v dnesni dobé, kdy forma energie zvana ,,temna
energie zplsobuje zrychleni expanze vesmiru. Temna energie je stav kiivého 3+3D v podobé
pény vakua. Proto se tato energie stale rodi ,,z niceho* tim, Ze se rozbaluji dimenze ¢p.
Vzhledem k tomu, Ze pozorujeme silné diikazy pro temnou energii, naznacovani podobného
ucinku dfive v historii vesmiru neni nepfimétené. Bez ohledu na kone¢né vysvétleni se
Hubbleovo napéti stava skvélou zahadou. Pokracujici tsili pokracuje ve snaze zptesnit
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odhady casnych i pozdnich ¢astt Hubbleovy konstanty a bude néjakou dobu trvat, nez bude
otazka vyfesSena.

https://www.astro.cz/clanky/vzdaleny-vesmir/astronomove-vyvinuli-novou-metodu-ke-
zmereni-hubbleovy-konstanty.html

citace

Zmeéfenim tzv. Dopplerova posuvu svétla mateiské galaxie supernovy uréime rychlost, jakou
se galaxie vzdaluje od Zemé. Tato rychlost zavisi na vzdalenosti a umoziiuje uré¢it Hubbleovu
konstantu.

Pro ur¢eni Hubbleovy konstanty jsou kromé vzdalenosti potiebné i rychlosti, v=H .d jimiz
se od nas sledované hvézdy vzdaluji. Ty prozrazuji rudeé posuvy jejich zafeni, diky kterému
je vlastné vidime.

Vztah mezi skute¢nou jasnosti a periodou pulsace proménnych hvézd (,...)

Cefeidy se lisi od ostatnich proménnych hvézd charakteristickou svételnou kiivkou (viz obr.
6). coz vede k posunu vinové délky svétla z téchto galaxii k cervené ¢asti spektra. Vzhledem
k tomu, Ze Cervené svétlo ma vétsi vinovou délku nez modré svétlo, vinova délka svétla
putujiciho od vzdalené galaxie smérem k Zemi nartsta. Tato zména vinové délky se nazyva
rudy posuv a galaxie s vysokym rudym posuvem se pohybuji vysokymi radialnimi
rychlostmi.

Galaxie se vzajemn¢ gravitaéné pritahuji a to predstavuje nerovnomérné rozlozenou slozku
pohybu, coz ovliviiuje nase méfeni jednotné ¢asti rychlosti, vyplyvajici z rozpinani vesmiru.
Tato 6

Aby bylo mozné studovat [celkovou expanzi vesmiru], je nutné spolehlivé uréovat vzdalenosti
vzdalenych galaxii, u kterych je rychlost expanze mnohem vyssi nez je radialni rychlost.
Hubbletv vesmirny dalekohled nachéazi Cefeidy ve vzdalenostech az 20 Mpc. Pred tim, nez
Hubble byl v provozu, se astronomové pieli o to, zda je vesmir stary 10 nebo 20 miliard let.
Nyni je shoda obecné mnohem vétsi stari vesmiru se uvadi mezi 12-ti a 14-ti miliardami let.
Premyslejte nad metodou pro uréeni zdanlivé hvézdné velikosti m pouZzitim svételnych
kiivek. Na zacatku 20. stoleti astronomové uréovali minimalni zdanlivou hvézdnou velikost
M min a maximalni hvézdnou velikost m max a poté pouzili primérnou hodnotu m téchto
dvou méfeni. Pokud to také ud€late nebo pouzijete vlastni metodu, mate vSechny informace
pro urceni vzdalenosti galaxie M100.

Cviceni 4? Zvazte pravdépodobné diivody, pro¢ nenaleznete stejné vzdalenosti pro rizné
promé&nné hvézdy.
https://docplayer.cz/10529204-Uvod-strana-2-kosmologie-a-urcovani-vzdalenosti-strana-3-
cviceni-1-strana-8-cviceni-3-strana-10-cviceni-4-strana-10-cviceni-5-strana-10.html

http://vaclavdostal.8u.cz/spektralniposuv.pdf red-shift
67,6... km s Mpc?t (1/H = 14,24 miliard let) - moje hodnota vypogitana pted 20ti lety,
tedy né z kiistalové koule, ale vypocitana.

Cosmology’s biggest conundrum is official, and no one knows how the Universe has

expanded
Nejvetsi kosmologicky hlavolam je oficidlni a nikdo nevi, jak se vesmir rozsifil

Who Really Discovered The Expanding Universe?
Kdo skute¢né objevil rozpinajici se vesmir?

Why the cosmic speed limit is below the speed of light
Pro¢ je hranice kosmické rychlosti niz$i nez rychlost svétla
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Cosmic inflation solves the “past hypothesis” problem
Kosmicka inflace fesi problém ,,minulé hypotézy*.

Does the expansion of the Universe break the speed of light?
Zlomi expanze vesmiru rychlost svétla?
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