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(01)- 1 have good news and bad news. Bad news first: two years ago we reported on the
Crisis in Cosmology. Since then, it’s only gotten worse. And actually the good news is also
that the crisis in cosmology has actually gotten worse, which means we may be onto
something! The most exciting thing for any scientist is when something they thought they
knew turns out to be wrong. So it’s no wonder that many cosmologists are starting to get
excited by what has become known as the Hubble tension, or the crisis in cosmology. The
“crisis” is the fact that we have two extremely careful, increasingly precise measurements of
how fast the universe is expanding which should agree with each other, and yet they don’t.
We first reported on the growing hints of this tension 2 years ago. Back then, the most likely
explanation was that new, refined measurements would bring the numbers into agreement. So
far that’s not been the case. But just recently, one of these methods received a massive
refinement due to the Gaia mission and its unprecedented survey of a billion stars in the
Milky Way. And guess what - the tension is now even tenser. So is it time to rethink all of
cosmology?

Before we can even think about that, we should probably do a refresher on what the issue
actually is. So you may have heard that the universe is expanding. Space on the largest
scales is stretching, throwing galaxies apart from each other. We’ve talked about how
astronomers first figured this out. Long story short - when a distant galaxy’s light travels

to us through the expanding universe it gets stretched out - its wavelength increases.If we
also know how far that light traveled - the distance to the galaxy - then we can figure out the
rate at which space is expanding - at least along the path to that galaxy. Combine the redshifts
and distances of many, many galaxies and you have the expansion rate of the

universe, typically expressed as Hubble’s constant after Edwin Hubble, the guy who first
properly measured it back in 1929. By comparison, getting the distances is much,

much trickier than getting the redshifts. It depends on a long chain of distance measurements
that we call the cosmic distance ladder. First you measure distances to objects in the solar
system - then use those to measure distances to nearby stars, then more distant stars, then
nearby galaxies, then distant galaxies, etc. If one of those distance measures is wrong, all the
subsequent rungs of the distance ladder are off. Hubble’s distance measurements were based
on a method pioneered by Henrietta Swan Leavitt. She developed one of the first so-called
standard candles. These are objects whose true brightness or luminosity can be known.
Knowing the true luminosity of an object means you can figure out its distance just by
observing how its brightness has been dimmed by that distance.

Swan Leavitt realized that a type pulsating star known as a Cepheid variable has a rate of
pulsation that depends on its luminosity. Measure the pulsation rate and you know its true
brightness, and so can find its distance. And if the Cepheid is in another galaxy, you have the


https://www.youtube.com/watch?v=dsCjRjA4O7Y

distance to that galaxy also. Cepheid variables are great standard candles, but they’re just
stars, and are too faint to see beyond a certain distance. In the 1990s two teams of astronomers
employed a new type of standard candle - the incredibly bright “type 1a” supernovae that
result when a white dwarf star explodes after cannibalizing its binary partner. Using these
supernovae to get distances to galaxies halfway across the universe, they found something
totally unexpected - not only is the universe expanding, but that expansion is accelerating.
And so dark energy was discovered - a mysterious and ubiquitous energy that grows as the
universe grows, speeding up its expansion. Dark energy very likely holds deep, deep clues
about the fundamentals of reality. With its discovery it suddenly became VERY important to
perfect our measurements of the expansion rate - both to confirm dark energy’s existence
and to learn of its nature. And this is where our story splits. There are, broadly, two
approaches to improving that measurement.

One is to double down on the old method - find more type 1a supernova and improve those
distance measures. The other is to find a totally independent measurement of the expansion
rate. A good reason to do that is that the supernova method is a pretty high rung on the
cosmic distance ladder - which means if any rung below it is broken, the method fails.

So different teams of astronomers pursued both approaches - and this is where the crisis
emerged. One alternative method for getting the expansion rate is to study the oldest light in
the universe - the cosmic microwave background.

(01)- Mam dobré zpravy a Spatné zpravy. Nejprve $patna zprava: pied dvéma lety jsme
informovali o krizi v kosmologii. Od té doby se to jen zhorSovalo. A ve skutec¢nosti je take
dobrou zpravou, ze krize v kosmologii se ve skutecnosti jesté zhorsila, coz znamena, ze
muzeme byt na nééem! Nejzajimavejsi véci pro kazdého védee je, kdyz se ukaze néco, 0 ¢em
si myslel, ze uz to zname, Ze se ukaze byt Spatn¢. Tak tady pochybuji. V ¢ceské kotliné to
neplati. Tady kdyz ukaze (amatér, laik), Ze je néco Spatné, tak se nezkouma ona namitka, ale
zkouma se ten osoba-laik ( posilanim do blazince za doprovodu vichru urazek a nadavek )
Kdyby namitku stejnou podala fyzikalni celebrita, tak by se namitka zkoumala-debatovala.
Takze rozhoduje nikoliv smysluplnost namitky, ale osoba, tj. ,,kdo* ji fiké.Neni tedy divu, ze
mnoho kosmologu zacind byt vzruSeno tim, ¢emu se zacalo fikat kdy se zacalo ?? Hubbleovo
napéti ( Ja zacal namitkami proti Hubbleho zakonu uz cca v r. 2002 ) nebo krize v kosmologii.
,,Krize“ je skute¢nost, Ze mame dvé extrémné pecliva ? a stale piesnéjsi méteni rychlosti
rozpinani vesmiru, kterd by méla navzajem souhlasit, a presto nesouhlasi. Nesouhlasi proto ze
»peclivostl na vysledky nema tak velky vliv jako to ,,kam a do ¢eho* jsou data dosazovana k
vyhodnoceni Poprvé jsme o narustajicich naznacich tohoto napéti informovali pied 2 lety.
Tehdy bylo nejpravdépodobnéjsim vysvétlenim, Ze nova, rafinovanad méreni méteni ceho ?,
co se méti ? uvedou ¢isla do shody. Zatim tomu tak nebylo. Ale nedavno byla jedna z téchto
metod metod méfeni ...c¢eho ?? masivné vylepsena diky misi Gaia a jejimu bezprecedentnimu
prazkumu miliardy hvézd v MIécné draze. Méteni perfektni a data dosazovana do zavadnych
teorii A hadejte co - napéti je nyni jesté napjatejsi. A to je ono, ze ptehodnocovat je nutné

pomyslet, méli bychom si asi zopakovat, o jaky problém vlastné jde. Jsem jedno ucho. MozZzna
jste tedy slySeli, Ze se vesmir rozpina. ?!?! Ale ,,jak", a ,,co* se rozpina ?, toto dofeSeno neni.
Prostor v nejvétsich métitcich se tdhne a vrha galaxie od sebe. Galaxie ,,plavou’ v 3+3D
Casoprostoru, ktery je kiivy a rozbaluje se, rozbaluji se kiivé dimenze. Mluvili jsme o tom, jak
to astronomoveé poprvé zjistili. Kratky ptibéh - kdyz k nam svétlo vzdalené galaxie putuje
rozpinajicim se vesmirem, roztahne se - zvétsi se jeho vlnova délka. Pokud také vime, jak
daleko toto svétlo urazilo - vzdalenost ke galaxii - pak muzeme zjistit rychlost, podle rovnice
Hubbleho ?! Ale pokud je ona Spatné ?? tak zjistite i Spatny vysledek—=>



http://www.hypothesis-of-universe.com/docs/c/c_053.jpg pak je i chybna vzdalenost i
rychlost jakou prostor se rozsifuje - alespon po cesté do této galaxie. Zkombinujte rudé
posuny ( rudé posuvy ve spektru jsou posuvy Vv roving ,,xy* spektra a...a zkoumané vinové
délky svétla jsou v roving , xz* ktera je na ,,xy“ kolma. Cim se vysvétluje zdkon ,,rudého
posuvu® ( délkova mira ) v rovin€ kolmé na rovinu pfijimaného signalu-svétla ( délkova mira
) ??? avzdalenosti mnoha, mnoha galaxii a ziskate rychlost rozpinani vesmiru, obvykle
vyjadienou jako Hubblova konstanta po Edwinovi Hubblovi, chlapkovi, ktery ji poprvé
spravné zmétil v roce 1929. Hubble zméfil linearitu ,,”“rozpinani“ pouze pro obdobi stafi
hodné po Ttesku..., jenze onu ¢ast ““rozpinani‘“‘ v obdobi t =0 az t = milion ¢i dva miliony
let véku, nikdy nezméril ; a tam se Vesmir choval NELINE ARNE! >
http://www.hypothesis-of-universe.com/docs/c/c_239.jpg Pro srovnani, ziskani vzdalenosti je
hodng, hodné slozitéjsi nez ziskani rudych posunii. Zalezi na dlouhém tetézci méieni
vzdalenosti, ktery nazyvame kosmicky Zebiik vzdalenosti. Cim je objekt dal od nas, tim je
Casoprostor zakiivenéjsi, tedy ,,soustava objektu® je vii¢i nasi soustavé Pozorovatele
pootocena. Pootoceni ovlivni méfeni ,,asecky* ve vlastni soustavé emitenta vici snimané
usecce v nasi pozorovatelné. Dikazem je totiz 1 STR , ktera popisuje nikoliv ,,dilatace a
kontrakce* intervall ,,na vzdalenych objektech®, ale v podstaté popisuje pootaceni soustav (!)
Nejprve zmétite vzdalenosti k objektim ve slune¢ni soustavé - poté je pouzijete k méteni
vzdalenosti k blizkym hvézdam, pak vzdalengjsim a vzdalenéjsim hvézdam, pak blizkym
galaxiim, vzdalenym galaxiim atd. az dojdeme do pozic kde uz je ¢asoprostor nezanedbatelné
kiivy ! ! I a tedy tam jsou pootoCeny soustavy emitenta. Domnivam se, ze emitent ,,vypusti
svétlo® (proud fotonil) nikoliv ,,kolmo na mou primétnu-pozorovatelnu®, ale pod jinym
uhlem a...a toto svétlo putuje pak po ¢asoprostoru ,,po oblouku®, nikliv po pfimce, po
oblouku kiivosti samotného ¢asoprostoru mezi galaxiemi, a...a prot bude ,,rudy posuv*
zkreslenym tidajem nez jakym by byl v rovném-plochém-piimeém euklidovském prostoru.
Proto neni Hubbleho z&kon spravny, jeho je lineérni, ale v realité bude jiny. ((( Své vize a
nové nazory predkladam verejnosti dve desitky let...jenze “ “verejnost“* — nabubreli fyzikové
- nehodnoti kvalitu nazoru, ale autora ; ten je laik, proto je i Spatnad fantasmagoricka jeho
vize. Kdyby tuto rekl Smolin, nebo Greene, nebo Penrose, nebo Guth, nebo Gross, to by uz se
zkoumalo, ze ???))) Pokud je néktera z téchto vzdalenosti nespravna, vSechny nasledujici
piicky zebtik vzdalenosti je vypnuty. Hubbleova méfeni vzdalenosti byla zaloZzena na metode¢,
kterou propagovala Henrietta Swan Leavittova. O.K., ale to neznamena, ze tato metoda je
navéky spravna ...Vyvinula jednu z prvnich takzvanych standardnich svicek. Svicky jsou
vporadku, ale vyhodnocovani uz vpotadku neni...;velkovesmir je zakifiveny ( dokonce jsou
lokalni kiivosti ¢p mezi kustry galaxii rizné ) Jde o objekty, jejichz skutecny jas nebo
svitivost lze poznat. A...a Spatné vyhodnotit podle $patného Hubble Znalost skute¢né
svitivosti predmétu znamena, ze muzete zjistit jeho vzdalenost pouhym pozorovanim, jak byl
jeho jas touto vzdalenosti ztlumen. Swan Leavittova si uvédomila, Ze typ pulzujici hvézdy
zndmé jako promeénna Cepheid ma rychlost pulzace, kterd zavisi na jeji svitivosti. Zméite
rychlost pulzace a poznate jeji skute¢ny jas, a tak muazete zjistit jeji vzdalenost. To je prvni
hruby pokus...jenze piijde-li do dialogu jina vize, je korektni ji zkoumat, a né posilat autora
do blazince... A pokud je Cepheid v jiné galaxii, mate k této galaxii také vzdalenost.
Proménné Cepheid jsou skvélé standardni svi¢ky, skvelé do vzdalenosti 1 miliardu let od
Ttesku, ale bliz uz je ¢p potnatelné kiivéjsi ale jsou to jen hvézdy a jsou pfilis slabé na to, aby
byly vidét na ur¢itou vzdalenost. V devadesatych letech dva tymy astronomu pouzily novy
typ standardni svicky - neuvétitelné jasné supernovy typu ,,1a“, http://www.hypothesis-of-
universe.com/docs/c/c_239.jpg které vznikly vybuchem bilého trpaslika po kanibalizaci jeho
binarniho partnera. Pomoci téchto supernov k ziskani vzdalenosti ke galaxiim v poloving
vesmiru nasli néco zcela neocekavaneho - nejenze se vesmir rozpina, ale tato expanze se
zrychluje. Opét fikam nazor, Ze je nutno ptehodnotit, tj. vzit v uvahu ,,vyssi a vyssi kiivost™
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Casoprostoru smérem ke Tiesku. Na zrychlujici se expanzi rozhodné ja nevéiim. A tak byla
objevena temné energie - tajemna a [viudypiitomnd energie, predeviim na planckovskych
Skalach jakozto ,,viici vakuum®* coz svou podstaou jsou kiivé dimenze, péna dimenzi
Casoprostorovych a ....a kazdé kiiveni ¢asoprostoru je ,,hmototvorny akt™ ( potazmo pole a
energie ) ktera roste s tim, jak vesmir roste, coz urychluje jeji expanzi. Nikoliv. Temna
energie roste, ale hustota energie je konstantni v tom ,,rozbalenéj$im* Vesmiru Temné energie
velmi pravdépodobné uchovava hluboké a hluboké stopy o zékladech reality. S jeho objevem
se najednou stalo VELMI dilezité zdokonalit nase méteni rychlosti expanze ne,ne,ne
dokonaleni méfeni nepomuze budou-li data dosazovana do chybnych premis, do chybnych
teorii - jak pro potvrzeni existence temné energie, tak pro poznani jeji podstaty. Poznani je
kreativita, a napad a vize a kazdou navrZenou je moudré zkoumat. Moji HDV nejenZze nikdo
nezkouma, ale vsichni ji ignoruji ..divod ?, no autor je blazen, nema diplom z fyziky. A tady
se nas pribéh rozdéluje. V zasade existuji dva (tii ?) pristupy ke zlepSeni tohoto méfeni.
Jednim z nich je zdvojnasobit starou metodu - najit vice supernovy typu la aty vylepsit miry
vzdalenosti. Druhym je najit zcela nezavislé méteni rychlosti expanze. A tieti piistup je
PREHODNOTIT celou kosmologii dle HDV. Dobrym diivodem je to, Ze metoda supernovy
je docela vysoka piic¢ka na kosmickém Zebticku vzdalenosti - coz znamena, ze pokud je
néktera piicka pod ni prolomena, metoda selze. Ruzné tymy astronomu sledovaly oba
pristupy - a tady nastala krize vynotilo se. Jednou z alternativnich metod pro ziskani rychlosti
expanze je studium nejstarSiho svétla ve vesmiru - kosmického mikrovinného pozadi.

(02)- This light was released only a few hundred thousand years after the big bang, and
carries with it vast information about the universe’s early state. I’ll leave you to watch our
previous video on the subject to see how our map of the CMB using the Planck satellite can
give us the expansion rate. The Planck team calculated a Hubble constant of 67.6 km/s/Mpc
- let’s not worry about the weird units right now. But they also claim an uncertainty of about
half a percent, making it the most precise measurement of the expansion rate ever made.
Meanwhile, Adam Reiss, one of the Nobel-winning discoverers of dark energy has doubled
down on the supernova method. A couple of years ago his team published a new Hubble
constant of 73 and a half.+/- 1.5 km/s/Mpc. That’s in the same ballpark, but far enough off
to raise many, many eyebrows. One possible explanation for the difference is that the nature
of dark energy has changed over time. The Planck team’s Hubble constant assumes that dark
energy has had a constant density for the entire age of the universe. That’s what you expect
for the simplest models of what dark energy might be, But if dark energy has HAS changed
over time it could explain the discrepancy AND indicate the dark energy is even weirder than
we thought. It’s hard to overstate how huge a discovery that would be.

So you can see how it might be nice to find out one way or the other if the difference between
the Planck and supernova results is real. Most people still think that there are unknown
errors that are affecting one or both. For example, the cosmological distance ladder could
have a broken rung. The supernova standard candles are calibrated based on distances from
our good-ole Cepheid variables in galaxies where both are observed. But those distant
Cepheids are in turn calibrated based on Cepheids in our own galaxy, for which we can

get distances by a method that’s much more reliable. That method is stellar parallax - and it’s
about as direct a method as you can get, short of building a giant space ruler.

Ultimately, refining the supernova distance measurements comes down to refining parallax
measurements, and that’s what we’ve finally achieved.You’re already familiar with parallax.
Place a finger in front of your eyes and blink left and right. Your finger moves relative to the
background, which | guess is me in this case. Move your finger away and the displacement is
less. Closer and it increases. We can use this same trick to measure the distance to stars. As



the earth orbits the sun over the course of the year, nearby stars appear to move relative to
more distant stars.

That’s stellar parallax, and our quest to measure it has been central to understanding our
universe for hundreds of years. Prior to the invention of the telescope, the fact that we didn’t
see obvious stellar parallax was taken as evidence that the Earth is NOT orbiting the Sun. It
turns out that the stars are just so far away that you need careful observations with quite a
good telescope to see parallax in even the nearest stars. And so it was that in 1912 Henrietta
Swan Leavitt used parallax measurements of Cepheids in the Milky Way to turn these stars
into standard candles and so founded our distance ladder, which ultimately led to the
discovery of dark energy. But this feels like a bit of a house of cards - the ladder was entirely
dependent on the relatively few Cepheids that are close enough for parallax measurements.
Things started to get better when we put telescopes in space - above the blurring effect of
Earth’s atmosphere it’s possible to make better position measurements.

The Hubble Space Telescope has done great work here, and so has the European Space
Agency’s HIPPARCOS satellite, which tracked the motion of 100,000 stars in our local patch
of the galaxy But to really nail down the lowest rung of the distance ladder, we need a lot
more Cepheid parallaxes to much greater distances. And that’s what ESA’s Gaia mission has
given us. Parked in an orbit just past the moon, Gaia scans the sky year after year,

mapping the structure and motion of a good faction of the Milky Way galaxy. Gaia is making
the most accurate catalogue yet of parallax measurements, for the nearest brightest stars, it’s
200 times more accurate than any previous measurement.

Gaia has allowed us to recalibrate Cepheid variables as standard candles, which in turned
enabled a recalibration of type 1a supernovae - which in turn gave Adam Reiss and team a
refined measure of the Hubble constant. So what do you think - do the supernova and Planck
results agree? Not in the least. The Gaia-based Hubble constant of 73.2 km/s/mpc seems to
confirm the previous type-1a supernova result, now with more surety about the distance
ladder it’s based on.

(02)- Toto svétlo bylo uvolnéno jen nekolik set tisic let po velkém tiesku a nese s sebou
obrovské informace o pocatecnim stavu vesmiru. Fluktuace v reliktnim zateni jsou

v korespondenci s mou vizi o ,,nerovnomérném rozbalovani‘ k¥ivosti casoprostoru do
,.globalnich® méfitek Necham vas sledovat nase predchozi video na toto téma, abyste zjistili,
jak nam nase mapa CMB pomoci satelitu Planck mtze poskytnout rychlost expanze. Tym
Planck vypocital Hubbleovu konstantu 67,6 km/s/Mpc - ted’ si s podivnymi jednotkami
nedélejme starosti. Coz uz je téméf moje hodnota staii soucasnosti 14,24 miliard let, a kdy ja
tuto hodnotu ,,vypocital* uz pied 30 ti lety, kdy se tenkrat mluvilo o hodnoté 10-20 miliard let
( rozptyl pfesnoti zna¢ny ) Tvrdi vSak také nejistotu kolem pul procenta, coz z néj ¢ini
nejpresnéjsi méfeni rychlosti expanze, jaké kdy bylo dosazeno. Mezitim Adam Reiss, jeden z
Nobelovych objeviteli temné energie, zdvojnasobil metodu supernovy. Pied nékolika lety
jeho tym zverejnil novou Hubbleovu konstantu 73 a pal.+/- 1,5 km/s/Mpc. A protoze autor je
Nobelista, jeho hodnota PRAVDIVEJST To je na stejném hiisti, ale dostatecn&
daleko, aby to zvedlo mnoho, mnoho obo¢i. Jednim z moznych vysvétleni rozdilu je, ze
povaha temné energie se v prabéhu casu menila. Co to je ,,povaha* ? Hubbleova konstanta
Planckova tymu predpoklada, Ze temna energie ma konstantni hustotu po cely vek vesmirul.
0.K., také muj ndzor. Proto nebude temnd energie pricinou n¢jakého zrychlovéani expanze To
je to, co ocekavate od nejjednodussich modelt toho, co by mohla byt temna energie, ale
pokud se temné energie v prabéhu ¢asu zmenila, mohlo by to vysvétlit nesrovnalosti a
naznacit, ze temna energie je jesté divnéjsi, nez jsme si mysleli. Neni.. ., je to stav kiivosti
dimenzi ¢asoprostorovach na planckovych skalach Je tézké precenovat, jak obrovsky objev by




to byl. Takze muzete vidét, jak by mohlo byt hezké zjistit jeden nebo druhy zpasob, zda je
rozdil mezi vysledky Plancka a supernovy skute¢ny. Vétsina lidi si stale mysli, Ze existuji
nezname chyby, které ovliviuji jednu nebo ob¢. Né nahodou si to mysli. Tou meznamou
chybou* bude to, Ze se vesmir nerozpina linearn& podle Hubbleho zékona ale se
Vesmir rozbaluje ! http://www.hypothesis-of-universe.com/docs/c/c_360.jpg Anebo
pomocna animace http://www.hypothesis-of-universe.com/docs/c/c_065.jpg Rozbaluje se
podle jiné nelinearni zavislosti napt. http://www.hypothesis-of-universe.com/docs/c/c_357.jpg
; anebo http://www.hypothesis-of-universe.com/docs/c/c_239.jpg Naptiklad kosmologicky
zebticek vzdalenosti mize mit zlomenou pticku. € Tato konkrétni spekulace neni o nic vic
hodnotnéjsi nez mtij navrh o rozbalovavani Casoprostoru nelinearnim pochodem. Ptesto
fyzikové k mému navrhu mléi, nejméné 5 let !! A mlcet budou do té doby nez to vyslovi jiny
autor. Standardni svicky supernovy jsou kalibrovany na zakladé vzdalenosti od naSich
dobrych proménnych cefeidt v galaxiich, kde jsou pozorovany obé. Ale tyto vzdalené cefeidy
jsou zase kalibrovany na zakladé cefeidu v nasi vlastni galaxii, pro které miazeme ziskat
vzdalenosti mnohem spolehlivéjsi metodou. Tato metoda je hvézdna paralaxa - a je to asi tak
piima metoda, jakou muzete ziskat, kromé stavby obiiho vesmirného vladce. ? to je co ?
Nakonec upiesnéni meteni vzdalenosti supernovy spoc¢iva v upiesnéni méieni paralaxy, jenze
casoprostor v ,,nasem blizkém okoli* je uz témér plochy, linearita plati. Je nutno ,,pfidat™ k
méfeni kiivosti prosotorocasu ( tedy ,,dt vzdalenosti v oblouku ) v rannych fazich vesmiru a
toho jsme nakonec dosahli. Paralaxu uz znate. PoloZte si prst pied o¢i a mrknéte doleva a
doprava. Vas prst se pohybuje relativné k pozadi, coz jsem v tomto piipad¢ asi ja. Odsuite
prst a vytlak je mensi. Blize a zvétSuje se. Stejny trik mizeme pouzit k méreni vzdalenosti ke
hvézdam. Jak Zemé¢ v prab&hu roku obiha kolem Slunce, zda se, ze blizké hvézdy se pohybuji
relativné vici vzdalengjsim hvézdam. To je hvézdna paralaxa a nase snaha ji zméfit byla
stéZejni pro pochopeni naseho vesmiru po stovky let. Pied vynalezem dalekohledu byla
skute¢nost, Ze jsme nevidéli zjevnou hvézdnou paralaxu, bréna jako dikaz, Ze Zemé neobiha
kolem Slunce. Ukazuje se, Ze hvézdy jsou tak daleko, Ze potiebujete pecliva pozorovani
pomoci docela dobrého dalekohledu, abyste vidéli paralaxu i v nejbliz§ich hvézdach. A tak se
stalo, ze v roce 1912 Henrietta Swan Leavittova pouzila méfeni paralaxy Cepheids v
MIécné dréze k piemeéné téchto hvézd na standardni svicky a tak zalozila nas dalkovy zebiik,
coz nakonec vedlo k objevu temné energie. Jak ? Ale tohle mi pfipada trochu jako dm z
karet - zebiik byl zcela zavisly na relativné malém poctu cefeidu, které jsou dostate¢né blizko
pro meieni paralaxy. Véci se zacaly zlepSovat, kdyZz jsme do vesmiru umistili dalekohledy -
vyse diky efektu rozostieni zemské atmosféry je mozné provadét lepsi méteni polohy.
Hubbletv vesmirny dalekohled zde odvedl skvélou préci, stejné jako satelit HIPPARCOS
Evropské kosmickeé agentury, ktery sledoval pohyb 100 000 hvézd v nasi mistni oblasti
galaxie. Mnohem vice cefeidnich paralax na mnohem vétsi vzdalenosti. A to nam mise ESA
Gaia dala. Gaia, zaparkovana na obézné draze tésné za Mésicem, rok co rok skenuje oblohu a
mapuje strukturu a pohyb dobré frakce galaxie MIé¢né drahy. Gaia vytvati dosud nejpresnéjsi
katalog méteni paralaxy, pro nejblizsi nejjasnéjsi hvézdy je 200krat piesnéjsi méreni jsou
pfesna, jisté, ale jsou dosazovana do nepiesného, chybného Hubbleho zdkona . To
plati i pro jind badani védct, kdy je snaha o pfesna a piesnéj$i meteni, kterd se pak dosadi do
vadnych teorii, vadnych rovnic nez jakékoli ptredchozi méfeni. Gaia nAm umoznila
rekalibrovat proménné Cepheid na standardni svicky, které se obratily umoznilo rekalibraci
supernov typu la - coz na oplatku dalo Adamu Reissovi a tymu rafinované meétitko
Hubblovy konstanty. Co si tedy myslite - souhlasi vysledky supernovy a Plancka? Ani v
nejmensim: No vida. A tak chyba je kde ?? Podobné to je se zjiStovanim ,,temné hmoty*

v galaxii, kdy |,,presnd méfeni* se dosazuji do $patnd postaveného zékona, viz
http://www.hypothesis-of-universe.com/docs/c/c_013.jpg ; bohuzel mtj nazor fyzikové
nectou ( Kdyby ho ¢etli, uz by mi dali opozi¢ni namitky ), anebo tomu nerozumi -
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Zda se, ze Hubbleova konstanta Gaia na 73,2 km/s/mpc potvrzuje piedchozi vysledek
supernovy typu la, nyni s vétsi jistotou ohledné Zeb¥icku vzdalenosti, na kterém je zaloZena.

(03)- Before we start jumping up and down and yelling about new physics, remember that
we’re level-headed scientists. Two independent methods aren’t enough.

We need more - and we have some great options that will either to break the tie between
Planck and supernova, or to confirm that the difference is real. We’ve already talked about
one of these options. It’s to look for vast ring-like patterns in the way galaxies are scattered
across the universe and use those rings as a sort of standard ruler.

These “baryon acoustic oscillations” are the fossils of ancient sound waves that reverberated
through the hot, dense plasma of the early universe. Now those ripples are frozen into the
distribution of galaxies that formed from that matter. The Baryon acoustic oscillations

seem to be coming on the side of the Planck result - a Hubble constant in the high 60s.
Another extremely promising method is gravitational lensing - the bending of light around
massive objects due to their warping of spacetime. One manifestation of this is when a distant
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quasar - a giant, gas-guzzling black hole - happens to be closely aligned behind a more
nearby galaxy. Then, that quasar’s light travels multiple paths through this gravitational lens,
resulting in multiple images of the quasar from our point of view.

Quasars are violent beasts - the maelstrom of gas fluctuates in brightness as it spirals into

the black hole. And so we see lensed quasar images flicker - but they flicker out of sync.
There’s a time offset due to the fact that these different paths through the universe have
slightly different lengths. By measuring the time delay in these flickering lenses, we can get a
measurement of cosmic distances, and with that a measurement of the expansion rate

that’s independent of the cosmic distance ladder. So far we’ve only done this with a small
number of lenses and so the uncertainty is large - but published results give a Hubble constant
in the low 70s - so in agreement with the supernova guys. But this game is about to take off,
with upcoming giant surveys set to discover thousands of new lenses that should massively
improve this measurement. And before too long we may even be able to use gravitational
waves from merging black holes to measure the Hubble constant. These waves get stretched
by the expanding universe, just like light does. But unlike light, they also encode information
about the distance they’ve traveled, and so can be used to measure the expansion rate without
the cosmic distance ladder. We’re calling these black hole mergers 'standard sirens’, and
while the error bars they give are still large, they’ll only get smaller over time. That is where
the crisis stands - it’s increasingly clear that there’s a hole in our understanding of the
universe - whether it’s a crack in the rung of the cosmic distance ladder or something more
fundamental about how the universe expands. Scientists love being wrong - because when
you find the source of that wrongness, it can only lead to greater understanding - in this

case, of the strange forces driving our ever-expanding spacetime.As always, | want to give a
shoutout to all of our Patreon supporters - your continued support is such a huge help. If
anyone would like to pitch in - even a couple of bucks a month makes a real difference and
also gets you access to the Space Time discord where you can nerd-out 24-7. And today’s
extra special shoutout goes to Sandy Wu, who’s supporting us at the big bang level. Sandy,
these are such strange and uncertain times - I mean seriously, we don’t even know

what Hubble’s constant is. But your support grants some much needed stability to spacetime
- the youtube show, not the expanding fabric of the universe - that’s still freaking everybody
out. Today we’re doing comments for the last two episodes, in which we explored the
connection between gravity, light, and the flow of time. Timebucks asks how can we be
traveling at the light speed in the time dimension? I'm glad you asked, because this notion
gets stated without much justification. The idea that massive objects travel through time at
the speed of light its just one way to interpret the math of special relativity. In relativity,
there's this thing called the spacetime interval which describes the separation between two
events in space and time. It's the minus the sum of squares of the x, y, and z spatial intervals,
plus the square of time interval times the speed of light.You need the speed of light in here to
give time the same dimentions as space.Your velocity through spacetime - also called your 4-
velocity - is just the change in spacetime interval divided by the change in time.

(03)- Nez za¢neme skakat nahoru a dold a vat o nové fyzice, pamatujte, Ze jsme vyrovnani
veédci. Dvé nezavislé metody nestaci. Potiebujeme vic - a mame nékolik skvélych moznosti,
které bud’ prolomi pouto mezi Planckem a supernovou, nebo potvrdi, ze rozdil je skute¢ny. O
jedné z téchto moznosti jsme jiz hovotili. Je to hledat obrovské prstencové vzory ve zptsobu,
jakym jsou galaxie roztrouseny po celém vesmiru, a pouzivat tyto prstence jako jakési
standardni vladce. Tyto ,,baryonové akustické oscilace jsou zkamenélinami davnych
zvukovych vin, které se odrazely v horké husté plazmé raného vesmiru. Zkamenélé
viny...hezky fe¢eno. Podobné vize ja vedu o ,,bali¢cich-klubickach* z dimenzi



casoprostorovych které jsou uz ,,zmamenélinami = klony* pro vyrobené elementarni ¢astice.
Podle jakého klice ¢i pravidla ¢i zakonu byly vesmirem navrzeny a vyrobeny ,,zmamenéliny =
vinobalicky* pro kazdou ¢astici, to zatim nemam tuseni. Nyni jsou tyto vinky zmrazeny do
distribuce galaxii, které se z této hmoty vytvotily. Zda se, ze Baryonovy akustické oscilace
prichazeji na stranu Planckova vysledku - Hubbleova konstanta ve vysokych 60. letech. Dalsi
mimofadn¢ slibnou metodou je gravitaéni cocka - ohybani svétla kolem masivnich objekti v
dusledku jejich pokiiveni ¢asoprostoru. Nemam namitek proti gravitaéni ¢occe, ale ptam se :
kdyz leti svétlo z emitenta prazdnym prostorem ,,jistym smérem* a dorazi k takové cocce, pak
ji ,,obtece®, a tak v jakém sméru dal pokracuje ?, ve stejném anebo v odchylené cesté ? Vi se
to ? Jednim z projevu toho je, kdyz se vzdaleny kvazar - obr, plyn Zhnouci ¢erna dira -
shoduje za blizkou galaxii. Svétlo kvasaru poté prochazi vice cest touto gravitacni ¢ockou,
coz vede k nékolika obraziim kvasaru z naseho pohledu. Kvazary jsou prudka zvitata - vir
plynu kolisa v jasu, jak se to¢i do ¢erna dira. A tak vidime, jak se objektivy kvazarovych
obrazti mihaji - ale synchronizované se mihaji. Existuje ¢asovy posun, protoze tyto ruzné
cesty vesmirem maji mirné odlisné délky = vzdalenosti. Foton vyletici z kvasaru vsak mohl
uz davno pred ,,kolizi* s Cockou nékolikrat meénit trasu kdyZ mijel jiné hmotné objekty. Jak
vime, ze ten ,,pozorovany* foton nepotkal ,,do mého oka* vice objektli nez jednu cocku ?
M¢tenim ¢asového zpozdéni v téchto blikajicich cockach mtzeme ziskat mereni kosmickych
vzdalenosti, takze foton z kvasaru nikdy neménil ,,tempo plynuti ¢asu“ ? A jak se tedy
,,zaktivuje ¢as v obecné teorii relativity ? a tim méfeni rychlosti expanze, ktera je nezavisla
na zebii¢ku kosmické vzdalenosti. A jak se toto vi ?? Jak to souvisi s tim, ze se mluvi o
,,zrychlené expanzi od poloviny véku vesmiru ? Doposud jsme to délali pouze s malym
poctem ¢ocek, a tak je nejistota velka - ale publikovaneé vysledky davaji Hubbleovu konstantu
v 70. letech - tedy po dohodé s kluky ze supernovy. ? Ale tato hra se chysta vzlétnout, s
nadchazejicimi ob#imi prizkumy, které maji objevit tisice novych ¢ocek, které by mély toto
méteni masivné zlepsit. A pred ptili§ dlouhou dobou budeme mozna dokonce schopni pouzit
gravitacni viny ze slouceni ¢ernych dér k méieni Hubbleovy konstanty. (*) Hubbleova
konstanta neni konstanta.. Tyto viny se rozpinaji v rozpinajicim se vesmiru, stejné jako svétlo.
Ale na rozdil od svétla také koduji informace o vzdalenosti, kterou urazili, a Ize je tedy pouzit
k méfeni rychlosti expanze bez zebticku kosmické vzdalenosti. Tyto flze ¢ernych dér
nazyvame ,,standardni sirény*, a pfestoze chybové pruhy, které udavaji, jsou stale velké,
postupem ¢asu se budou zmenSovat. Pravé tam Krize stoji - je stale jasnéjsi, ze v naSem
chapani vesmiru existuje dira - at’ uz je to trhlina na pticce zebficku kosmické vzdalenosti
nebo néco zasadnéjsiho to zasadnéjsi je Ze se vesmir ,,rozbaluje” 0 tom, jak se vesmir rozpina.
nikoliv rozpina. Medel se radi myli ( to je lez...) - protoZe kdyZ najdete zdroj této
nespravnosti, muze to vést jen k lepSimu porozuméni - v tomto ptipadé podivnych sil, které
pohanéji nas stale se rozsifujici ¢asoprostor. Védci v ceské kotliné se zatracené neradi
myli..., a jsou ochotni i k upalovani ¢arodejnic = oponenttl z fad laikd kdyz jim kazi teorie
Jako vzdy [chci dat vykiik| viem nagim piiznivetim Patreonu - vase pokragujici podpora je tak
obrovskéa pomoc. !! Pokud by se nékdo chtél zapojit-i par dolari za mésic ( ja pracuji uz 40 let
na HDV zadarmo !!') je skutecny rozdil a také vdm poskytne pristup k neshodé v
casoprostoru, kde muzete nerd-out 24-7. ? A dneSni mimotadny vykiik patii Sandy Wu, ktera
nés podporuje na urovni velkého tresku. Sandy, to jsou tak zvlastni a nejisté ¢asy - myslim to
véazné, jani nevime, co je Hubbleova konstantd. Ale vase podpora poskytuje asoprostoru
potiebnou stabilitu - youtube show, ne expandujici struktura vesmiru - to stale vSechny dési.
Dnes déldme komentare k poslednim dvéma epizodam, ve kterych jsme zkoumali spojeni
mezi gravitaci, svétlem a tokem ¢asu. !!! Jak se ,,zkouma* tok ¢asu ?? Ja sem navrhnul vizi,
ze v prubéhu celé historie vesmiru nemusi byt ,,tempo plynuti ¢asu* stejné..., mizZe se menit.
Byl sem za to poctén - oznacen za fantasmagora ( bez podani argumentt ) Timebucks se pt4,
jak mtizeme cestovat rychlosti svétla v casové dimenzi? Jsem rada, Ze jste se zeptali, protoze




tento pojem se uvadi bez velkého odivodneéni. ( cas nebézi nam, ale my-objekty bézime ,,po
ném* tedy putujeme po Casové dimenzi a tim na ni ukrajujeme intervaly a tim ,,s1 méfime*
Cas, své plynuti ¢asu ) MysSlenka, Ze hmotné objekty cestuji ¢asem rychlosti svétla, je
jedinym zpusobem, jak interpretovat matematiku specialni relativity. (*) V relativité je tato
VEC nazyvana casoprostorovym intervalem, ktery popisuje oddéleni mezi dvéma udalostmi v
prostoru a ¢ase. Je to minus soucet druhych mocnin prostorovych intervala X, y, a z, plus
Ctverec ¢asového intervalu kréat rychlost svétla. Rychlost svétla zde potiebujete, abyste dali
¢asu stejné rozméry jako prostor. ¢asoprostor - také nazyvany vase 4 -rychlost - je pouze
zmeénou ¢asoprostorového intervalu délenou zmenou ¢asu. Nebudu komentovat, protoze

k tomu uz vedu stovky stran vykladu jinde.

(04)- But if you are motionless then you have no change in the space intervals - and your
spacetime interval is just c-times-delta t divided by delta t - or just c, the speed of light. ??? to
je asi chyba... That's where the idea comes from in the math. But what does this mean
physically? Does it mean anything physically? That's less clear, because we don't really
know what time is. Nor space for that matter - or whether they're really the same type of
thing - dimensionally speaking. We would also need to justify why the c in the spacetime
interval has to be the speed of light. It's worth a full episode to explore that one, and we'll
definitely get around to it. But if you want a much better description of the math, check out
Sabine Hossenfelder's episode on this - link in the description. John Smith Noted that the
Huygen's Principle seems eerily similar to the double slit experiment if there were an infinite
number of slits. Well, John Smith, you're in good company. There's this story of a young
physics student hearing the description of the double slit experiment, in which the

professor describes how you can figure out the interference pattern by thinking of circular
waves originating from the slits, and calculating how these ripples add up at the screen. The
student raises his hand and asks "but what if you had 3 slits" - so the professor says that you
just add up the ripples of three waves. The student trolls the teacher with "what about four
slits" which they reply with "obviously you add up the ripples of four waves" And then "what
about 5 slits” etc.. until finally "what about infinite slits". That student was Richard
Feynman, or so the story goes - and he'd just figured out Huygen-Fresnel principle all on
his own - a couple of hundred years late, but independently nonetheless. So, John Smith,
you're another 100 years late, but good work anyway.Tom Kerruish and clearnightsky saw
the Feynman connection also - pointing out the Huygen's principle feels like Feynman's path
integral formulation of quantum mechanics. For those who don't know, the path

integral calculates the trajectory of a quantum object by adding up all possible and even
impossible paths between two locations or states. The unlikely paths cancel out leaving your
with a prediction of the path it'll actually take.

We did an episode - search for path integral on the channel home page. But it seems that
Feynman was influenced by Huygens-Fresnel, as well as by the principle of least action. So,
yeah, nice work reinventing all of physics guys. Several of you commented that this whole
gravity bending light thing might explain why stormtroopers have such terrible aim. |

think you may be onto something. Think about it - these poor guys have to fight in so many
different gravitational fields - star destroyers, the death star, forest moons, ice planets -

must be hard to recalibrate every time. Who knew George Lucas was such a jedi ? master of
general relativity. But the whole series makes so much more sense when you think about it.
For exame, when Greedo shot before Han in the “updated” releases, we were really

just watching the same scene from the perspective of a passing star destroyer in hyperspace -
it’s superluminal motion reversed the apparent causal ordering. In other words, shot first, Han
did.



(04)- Pokud jste ale nehybni, nemate v prostorovych intervalech zadnou zménu- a vas
casoprostorovy interval je jen c-krat-delta t déleno delta t- nebo jen c, rychlost svétla. Odtud
pochazi myslenka z matematiky. Co to ale znamena fyzicky? Znamena to néco fyzicky? To je
méng¢ jasné, protoze vlastné nevime, kolik je hodin. ( * ) Ani prostor - nebo zda jde skute¢né o
stejny typ véci - rozmérove fe¢eno. Nebudu komentovat, protoze k tomu uz vedu stovky stran
vykladu jinde.

Také bychom museli zdiavodnit, pro¢ ¢ v ¢asoprostorovém intervalu musi byt rychlost svétla.
Jeho prozkoumani stoji za celou epizodu a urcité se k nému dostaneme. (!) Pokud ale chcete
mnohem lep$i popis matematiky, podivejte se na epizodu Sabine Hossenfelder na toto téma -
odkaz v popisu. John Smith poznamenal, ze Huygentv princip se zda byt désivé podobny
experimentu s dvojitou $térbinou, pokud by existovalo nekone¢né mnozstvi stérbin. Pane
Johne Smithi, jsi v dobré spole¢nosti. Je tu tento ptib&éh mladého studenta fyziky, ktery slysi
popis experimentu s dvojitou $térbinou, ve kterém profesor popisuje, jak muzete zjistit
interferencni obrazec tim, ze ptemyslite o kruhovych vinach pochazejicich ze $térbin a
vypocitate, jak se tyto vinky na obrazovce s¢itaji. Student zvedne ruku a zepta se ,,ale co
kdybyste méli 3 stérbiny* - profesor tedy fika, Ze jen seétete vinky tii vin. Student trolli
ucitele ,,co Ctyfi Stérbiny“, na které odpovi ,,ocividné sectete vinéni étyt vin“ A pak ,,co asi 5
Stérbin“ atd .. az nakonec ,,co nekonecné §té€rbiny*. Tim studentem byl Richard Feynman,
nebo tak alespon piibéh pokracuje - a pravé na princip Huygen -Fresnela piisel uplné sam - o
nekolik set let pozdgji, ale presto nezavisle. Poznamka : http://www.hypothesis-of-
universe.com/docs/c/c_088.jpg Takze, Johne Smithe, mate o dalsich 100 let zpozdéni, ale
kazdopadné dobré prace. Tom Kerruish a clearnightsky vidéli také Feynmanovo spojeni -
poukazani na Huygenav princip je jako integralni formulace kvantové mechaniky
Feynmanovy cesty. Pro ty, kteti nevédi, integral drahovy vypogita trajektorii kvantového
objektu se¢tenim vSech moznych i nemoznych cest mezi dvéma misty nebo stavy.
Nepravdépodobné cesty se zrusi a ponecha vam predpoveéd cesty, kterou se ve skutec¢nosti
vyda. Udélali jsme epizodu - hledejte integral cesty na domovskeé strance kanalu. Ale zda se,
ze ano Feynmana ovlivnil Huygens-Fresnel, stejn¢ jako zasada nejmensi akce. Takze jo,
pekna prace, ktera objevuje vSechny lidi z fyziky. Nékolik z vas uvedlo, ze cela tato gravitace
ohybajici svétlo miaze vysvétlovat, pro¢ maji bouilivi vojaci ( hvézdné valky ) tak strasny cil.
Myslim, Ze bys mohl na néco prijit. Piemyslejte o tom - tito chudaci musi bojovat v tolika
raznych gravita¢nich polich - ni¢itelé hvézd, hvézda smrti, lesni mésice, ledové planety - musi
byt pokazdé tézké znovu kalibrovat. Kdo védél, ze George Lucas je takovym mistrem obecné
relativity. Ale cela série ddvd mnohem vétsi smysl, kdyZ se nad tim zamyslite. Napiiklad,
kdyz Greedo stiilel pred Hanem v ,,aktualizovanych* verzich, opravdu jsme jen sledovali
stejnou scénu z pohledu projizdéjiciho hvézdného torpédoborce v hyperprostoru - jeho
nadsvételny pohyb zvratil zdanlive kauzalni usporadani. Jinymi slovy, prvni vystiel, ten
udélal Han.

*hhhhkhkhkhkhkkhkhhhhhhhkhkhkhkhhkhirrhhhkhkhkhhhirrhhhhkhkhhhirrhhhhhkhhhiirhhhhhkhhhiiiiix

I'm Dr Becky Smethurst, rebecca.smethurst@physics.ox.ac.uk an astrophysicist at
University of Oxford (Christ Church). I love making videos about science with an unnatural
level of enthusiasm. | like to focus on how we know things, not just what we know. And
especially, the things we still don't know. If you've ever wondered about something in space
and couldn't find an answer online - you can ask me! My day job is to do research into how
supermassive black holes can affect the galaxies that they live in. In particular, I look at
whether the energy output from the disk of material orbiting around a growing supermassive
black hole can stop a galaxy from forming stars.
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Jsem doktor Becky Smethurst, astrofyzik z Oxfordské univerzity (Christ Church). Miluji
nataceni videi o védé s neptirozenou trovni nadSeni. Rad se soustredim na to, jak véci zname,
nejen nato, co vime. A zejmena véci, které stale nevime. Pokud jste nékdy premysleli o
nécem ve vesmiru a nenasli jste odpovéd’ online - muzete se me zeptat! Moji kazdodenni
praci je zkoumat, jak mohou supermasivni ¢erné diry ovlivnit galaxie, ve kterych Ziji.
Zejména se divam na to, zda vystup energie z disku materialu obihajiciho kolem rostouci
supermasivni ¢erné diry muze zastavit galaxii ve vytvaieni hvézd .
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