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Cosmological Redshift and Cosmic Time Dilation in the FLRW Metric
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The paper shows that the commonly used Friedmann-Lemaitre-
Robertson-Walker (FLRW) metric describing the expanding Universe must be
modified to properly predict the cosmological redshift. It is proved that the
change in the frequency of redshifted photons is always connected with time
dilation, similarly as for the gravitational redshift. Therefore, the cosmic time
runs differently at high redshifts than at present. Consequently, the
cosmological time must be identified with the conformal time and the standard
FLRW metric must be substituted by its conformal version. The correctness of
the proposed conformal metric is convincingly confirmed by Type la
supernovae (SNe la) observations. The standard FLRW metric produces
essential discrepancy with the SNe la observations called the ‘supernova
dimming’, and dark energy has to be introduced to comply theoretical
predictions with data. By contrast, the conformal FLRW metric fits data well
with no need to introduce any new free parameter. Hence, the discovery of the
supernova dimming actually revealed a failure of the FLRW metric and
introducing dark energy was just an unsuccessful attempt to cope with the
problem within this false metric. Obviously, adopting the conformal FLRW
metric for describing the evolution of the Universe has many fundamental
cosmological consequences.

1 Introduction

Friedmann [1] applied the Einstein equations of General Relativity (GR)
for describing the Universe and firstly showed that the space filled by uniformly
distributed matter might evolve in time. The possibility that the Universe is
really dynamic but not static was later supported by Lemaitre [2] and Hubble
[3], who observed a systematic redshift of nearby galaxies, which was roughly
proportional to their distance. This observation (called the Hubble-Lemaitre
law) was interpreted as the Doppler effect produced by galaxies moving away
from the Earth due to the Universe expansion.

However, the intuitive idea of the redshift as the Doppler effect was later
abandoned. At present, the Universe is described by the so-called Friedmann-
Lemaitre-Robertson-Walker (FLRW) metric [4—8], which introduces the scale
factor a(t) for describing the space expansion. The redshift is not related to the
speed of the expansion as for the Doppler effect but to the ratio between sizes
of the space, in which the photons were emitted and received [9, 10].

1+z=a(r)a(e)(1)

where z is the redshift, and a(e) and a(r) are the scale factors for the
emitter and receiver, respectively. Hence, the redshift of distant galaxies would
be observed even in the case, when the Universe is not expanding anymore at
the present epoch.
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In contrast to the space coordinates, the time coordinate is assumed to
be invariable during the Universe history. This is somewhat strange and
surprising, because other solutions in GR such as the well-known Schwarzschild
solution [11-13] involve distortions in space and time together. Therefore,
some authors pointed out to other alternative theories admissible in GR and
introduced more general metrics for describing isotropic homogeneous
Universe evolving in time [14-16]. In this case, another function is considered
in the metric tensor gas, Which describes the evolution of the time component
goo.

Among many possibilities how to define this function, the simplest way is
to assume that the time and scale factors are defined by the same function
a(t). This option has a clear advantage, because the cosmological redshift will
be defined by the same formula as the gravitational redshift

1+z=g00(r)g00(e)———-V(2)

where goo(e) and goo(r) are the time components of the metric tensor gas
for the emitter and receiver, respectively.

Introducing the same scale factor for time and space coordinates has also
other advantages. Firstly, this metric evolves in time according to the so-called
conformal transformation, properties of which are intensively studied in GR in
recent years [17-19]. The new time coordinate is called the conformal time and
the metric utilizing this time is called the conformal metric [14—16]. This metric
is particularly interesting, because it leaves the Maxwell’s equations unchanged

(01)- Kosmologicky rudy posuv a dilatace kosmického ¢asu v metrice FLRW
Vaclav Vavryéuk* e Geofyzikalni tstav Akademie véd CR, Praha, Ceska
republika.

Clanek ukazuje, ze bé7né pouzivana Friedmann-Lemaitre-Robertson-
Walkerova (FLRW) metrika popisujici rozpinajici se vesmir musi byt upravena,
aby spravné predpovidala kosmologicky rudy posuv. Je dokazano, Zze zména
frekvence fotonU s rudym posuvem je vzdy spojena s dilataci ¢asu, podobné
jako u gravitacniho rudého posuvu. Kosmicky ¢as proto pfi vysokych rudych
posuvech béZzi jinak nez v soucasnosti. V disledku toho musi byt kosmologicky
Cas identifikovan s konformnim ¢asem a standardni metrika FLRW musi byt
nahrazena jeho konformni verzi. Spravnost navrzené konformni metriky je
presvédcivé potvrzena pozorovanim supernov typu la (SNe la). Standardni
metrika FLRW vytvafi zasadni nesrovnalosti s pozorovanimi SNe la nazyvanymi
»stmivani supernovy“ a pro splnéni teoretickych pfedpovédi s daty je treba
zaveést (Vesmir to miluje, kdyZz mu nékdo néco ,zavadi“) temnou energii.
Naproti tomu konformni metrika FLRW dobie odpovida datlim, aniz by bylo
nutné zavadeét jakykoli novy volny parametr. Proto objev stmivani supernovy ve
skutecnosti odhalil selhani metriky FLRW a zavedeni temné energie bylo jen
neuspésnym pokusem vyrovnat se s problémem v ramci této faleSné metriky.
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Je zfejmé, Ze prijeti konformni metriky FLRW pro popis vyvoje vesmiru ma
mnoho zdsadnich kosmologickych disledka.

1 Uvod.

Friedmann [1] pouZil k popisu vesmiru Einsteinovy rovnice obecné relativity
(GR) a nejprve ukazal, Ze prostor vyplnény rovnomérné rozloZzenou hmotou se
mUzZe v Case vyvijet. MoZnost, Ze vesmir je skute¢né dynamicky, ale ne staticky,
pozdéji podpofili Lemaitre [2] a Hubble [3], ktefi pozorovali systematicky [rudy
posuyv| blizkych galaxii, ktery byl zhruba Umérny jejich vzdalenosti. Toto
pozorovani (nazyvané Hubblelv-Lemaitrov zakon) bylo interpretovano jako
Doppler(iv jev vytvareny galaxiemi, které se vzdaluji od Zemé v dlsledku
rozpinani rozbalovani vesmiru. http://www.hypothesis-of-
universe.com/docs/c/c_032.gif ; Intuitivni myslenka rudého posuvu jako
Dopplerova jevu vsak byla pozdéji opusténa. V soucasnosti je vesmir popsan
tzv. Friedmann-Lemaitre-Robertson-Walker (FLRW) metrikou [4-8], kterd
zavadi (Vesmir miluje, kdyZ mu nékdo néco ,zavadi”) méfitko a(t) jakygozmer
ma to meritko? pro popis rozpinani prostoru.tj. pootaceni soustav na
zakFiveném &p... Cerveny posuv nesouvisi s rychlosti expanze v = Ho . d
chyba.; jako u Dopplerova jevu, ale s pomérem mezi velikostmi prostoru, ve
kterém byly fotony emitovany a pfijimany [9, 10]. 1+z=a(r)a(e)(1) kde z je
Cerveny posuv a a(e) a a(r) jsou méfritkové faktory| jaky rozmér maji ty
méritkové faktory? pro vysilac a pfijimac. Rudy posuv vzdalenych galaxii by tedy
byl pozorovan i v pripadé, kdy se vesmir v sou¢asné epose jiz nerozpind. Ano,
protoze ze soucasného ¢asoprostoru 3+3D uz témér plochého smérem , k
zacatku” je ¢p vice a vice krivy, (historii nelze ménit), tedy trajektorie fotonu od
emitenta je zaoblen3, Cili my ,,pozorujeme” pootoceny interval (informaci
deformovanou) od emitenta, coz koresponduje se zménou vyssiho rudého
posuvu. Na rozdil od vesmirnych délkovych souradnic se predpoklada, ze
¢asové souradnice jsou (ano, jsou jednak tfi stejné jako jich ma prostor, tj. 3+3D
¢p) béhem historie vesmiru neménné. Neménné v jakém smyslu?
http://www.hypothesis-of-universe.com/docs/c/c _486.jpg ; jednotkové
intervaly na soucadnicich jsou ménné, tedy snimky téchto interval( se méni.
Rozbalovani prostoru je totéz jako rozbalovani tfi ¢asovych dimenzi, coz
hodnotime jakozto plynuti casu do tfi souradnic, tfi os. To je ponékud zvlastni a
prekvapivé, protoze jina feSeni v GR, jako je znamé Schwarzschildovo reseni
[11-13], zahrnuiji zkresleni v prostoru a ¢ase dohromady. No proc¢ ne?? Néktefri
autofri proto poukazali na dalsi alternativni teorie pripustné v GR a zavedli
obecnégjsi metriky pro popis izotropniho homogenniho vesmiru vyvijejiciho se v
Case [14-16]. No proc ne?!! V tomto pripadé je uvazovana dalsi funkce v
metrickém tenzoru gap, ktery popisuje vyvoj casove slozky g00. co to je za
hloupé ,,mysleni stranou“?? CozZpak veli¢ina Délka ma néjaké ,slozky“? Cozpak
dimenze x,vy, z jsou ,slozky” pro sestaveni prostoru??, co je to za blbost...,
cozpak dimenze x, y, z nejsou primo souradnice v prostoru??, a musite
,zavadét” néjaké ,slozky” v metrickém tenzorovani??
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3 dimenze délkové jsou tfi délkové dimenze pojmenované odnepaméti nazvem
,Prostor” a basta. A 3 dimenze ¢asové by mély byt také uz davno néjak
pojmenovany, napf. ,Casor”. Z mnoha moZnosti, jak tuto funkci definovat, je
nejjednodussi predpokladat, Ze faktory casu a méfitka jsou definovany stejnou
funkci a(t). Tato moZnost ma jasnou vyhodu, protoze kosmologicky rudy posuv
bude definovan stejnym vzorcem jako gravitacni rudy posuv
1+z=g00(r)g00(e)-——-V(2) kde g00(e) a g00(r) jsou Casové slozky metrického
tenzoru gaP pro vysila¢ a pfijima¢. Zadné ¢asové slozky, jsou nadbyteéné (1) To
by musela mit i veli¢ina ,Délka“ také slozky a rikalo by se jim ,slozka x na
dimenzi x“, ,,slozka y na dimenzi y“ a ,,slozka z na dimenzi z“ dohromady
»prostor®. Prosté: ProC by to nemohly byt pfimo rovnou dimenze ( X;¥5'2, £, 2,
3 ). Tady to je vysvétleno http://www.hypothesis-of-
universe.com/docs/aa/aa 388.pdf; Zavedeni stejného méritka pro ¢asové a
prostorové souradnice ma také dalsi vyhody. Za prvé, tato metrika se v Case
vyviji podle tzv. konformni transformace, jejiz vlastnosti jsou v poslednich
letech v GR intenzivné studovany [17-19]. Nova ¢asova souradnice co to je?? se
nazyva konformni ¢as a metrika vyuzivajici tento cas se nazyva konformni
metrika [14—-16]. Tato metrika je obzvlasté zajimava, protoze ponechava
Maxwellovy rovnice beze zmény

(02)- from their form in the Minkowski spacetime [20-22]. The
conformal metrics have also other exceptional properties and open space for
new cosmological models as the Conformally Flat Space-Time Cosmology [14,
15, 23], Conformal Gravity [17, 24] or the Conformal Cyclic Cosmology [19, 25—
27].

Nevertheless, introducing the conformal time into the FLRW metric is
commonly viewed as a mathematical concept different from the physical
cosmic time [16]. Otherwise, we have to admit a variable coordinate speed of
light dependent on the scale factor a(t). Although, theories of variable speed of
light (VSL) exist [28, 29], they are not paid much attention, because they are
against a deeply rooted concept of the speed of light as a nature constant.
Nevertheless, Dicke [30] argues in his pioneering work on gravity that VSL is
physically admissible. Also Dirac [31] states that “The laws may be changing,
and in particular quantities which are considered to be constants of nature may
be varying with cosmological time.”

In this paper, the problem of cosmic time dilation and cosmological
redshift in the standard FLRW metric is revisited. It is shown that time dilation
and redshift observations are, actually, inconsistent with the original FLRW
metric. Instead, the conformal FLRW metric should be used for describing the
Universe evolution, because it predicts time dilation and redshift correctly.
Cosmological consequences of this correction are discussed.

2 Theory

2.1 FLRW Metric
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The space filled by a homogenous and isotropic matter is described by
the following general metric [12, 16, 22, 32]:

ds2=-A2(t)c2dt2+B2(t)dz2,(3)

where ds = cdt is the spacetime element, c is the speed of light, tis the
proper time, t is the coordinate time, 2 is the 3-dimensional coordinate in space
of uniform curvature, and A(t) and B(t) are arbitrary functions describing time
evolution of time dilation and space expansion, respectively.

The standard FLRW metric is based on the assumption of the space
expansion described by the scale factor a(t) = B(t) and with no time dilation A(t)
= 1. Hence, the metric reads in the spherical coordinate system as [9, 10, 33].

ds2=-c2dt2+a2(t)(dr21-kr2+r2dQ2),d02=d02+sin20d¢2,(4)

k is the curvature index of the space, r is the comoving distance, and ©
and ¢ are the spherical angles.

An alternative to Eq. 4 is the so-called conformal form of the FLRW
metric [16], which assumes the same factor a(t) for time dilation and space
expansion, A(t) = B(t) = a(t),

ds2=a2(t)(-c2dt2+dr21-kr2+r2dQ2),(5)

where time t has a different physical meaning than in Eg. 4 being often
denoted as n.

Obviously, Einstein’s equations do not constrain functions A(t) and B(t) in
Eg. 3 and they do not give us any preference between Eq. 4 for the standard
FLRW metric and Eq. 5 for the conformal FLRW metric. Both metrics are based
on the assumption of perfect isotropy and homogeneity and they satisfy the GR
equations.

2.2 Coordinate Freedom of Choosing Time

We can see that Eq. 5 is obtained from Eg. 4 by a simple transformation

dt=a(t)dn,(6)

where n is called the conformal (comoving) time and t is the proper time.
Commonly, the conformal time n is considered as a mathematical concept
different from the physical coordinate time. In this case, Egs 4, 5 are physically
equivalent, because we applied just rescaling of time using Eq. 6 and the
Einstein equations are coordinate invariant [12, 34].

However, we should be aware that the coordinate invariance of the
Einstein equations does not mean that we can rescale time and space
coordinates arbitrarily with no physical consequences. The physically
meaningful coordinates should be identified with the “cosmological coordinate
system,” in which all fundamental bodies are in rest [14, 15, 20, 21]. Also, we
cannot mix comoving and proper coordinates in the metric. If we ignore this
condition and do not distinguish between comoving and proper coordinates,
Eqgs 4, 5 can possibly describe the static Universe, provided distance r is
substituted by the proper distance R as

dr=dRa(t) .(7)

Hence, the key for understanding Egs 4, 5 is to define, which quantities
are physical (being related to the cosmological coordinate system) and which
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(02)- zjejich formy v Minkowského ¢asoprostoru [20—22]. Konformni metriky
maji i dalsi vyjimecné vlastnosti a otevieny prostor pro nové kosmologické
modely, 6, ohoo, zajimavé jako je konformné plocha prostorocasova
kosmologie [14, 15, 23], konformni gravitace [17, 24] nebo konformni cyklicka
kosmologie [19, 25-27]. .No prosté vichno je konformni, protoZze vsechno ma
,tri rohy, tfi fitni otvory, tfi oci,”...atd. Nicméné zavedeni konformniho ¢asu do
metriky FLRW ...a zavedeni Belzebuba mezi obycejné Cetry vede k vyssi
discipliné je béZné povaZovano za matematicky koncept odlisny od fyzického
kosmického ¢asu [16]. Jinak musime pFipustit proménnou souradnicovou
rychlost svétla zavislou na faktoru métitka a(t). Rychlost svétla je vidy stejna
proto, Ze vidy plati ¢ =1/1. Vigdy c =1/1 presentuje plochy nekfivy ¢asoprostor
(c3=13m3/13sec®). D= TEIEI=Vw=e=1/1. Volba jednotek délky a ¢asu musi
byt takova, aby platilo c=1/1 to je zakon.

Ackoli lexistuji teorie| ? proménné rychlosti svétla (VSL) [28, 29], nevénuje
se jim prilis pozornosti, protoze jsou proti hluboce zakofenéné koncepci
rychlosti svétla jako prirodni konstanty. Predevsim prirodni konstantou je a
musi byt plochy-nekrivy 3+3D c¢asoprostor. Nicméné Dicke [30] ve své
prakopnické praci o gravitaci tvrdi, Ze VSL ? je fyzikdlné ptipustna. Také Dirac
[31] uvadi, ze ,,zakony se mohou ménit a zejména veliCiny, které jsou
povazovany za prirodni konstanty, se mohou ménit s kosmologickym ¢asem. ?
Proc¢ by to délaly? Je na to divod? a pak i dikaz? V tomto ¢lanku se znovu
vracime k problému dilatace kosmického ¢asu a kosmologického rudého
posuvu ve standardni metrice FLRW. Je ukdzano, Ze pozorovani dilatace ¢asu a
rudého posuvu jsou ve skutec¢nosti nekonzistentni s pavodni metrikou FLRW.
Misto toho by méla byt pro popis vyvoje vesmiru pouzita konformni metrika
FLRW, a dlivod??, protozZe spravné predpovida dilataci ¢asu a ¢erveny posuv. A
dlkaz je kde? Jsou diskutovany kosmologické dlsledky této korekce. 2 Teorie
2.1 Metrika FLRW Prostor vyplnény homogenni a izotropni hmotou je popsan
nasledujici obecnou metrikou [12, 16, 22, 32]: ds2=-A2(t)c2dt2+B2(t)d>2,(3)
kde ds = cdt je prvek ¢asoprostoru, c je rychlost svétla, T je spravny Cas, t je
soufadnice Casu, a co je, jaky prvek je d[] = dx/c ? I je 3-rozmérnd soufadnice
v prostoru rovnomérného zakriveni a A(t) a B(t ) jsou libovolné funkce popisujici
casovy vyvoj dilatace ¢asu a expanze prostoru. Standardni metrika FLRW je
zalozena na predpokladu expanze prostoru popsaného méritkovym faktorem
a(t) = B(t) a bez ¢asové dilatace A(t) = 1. Metrika se tedy cte ve sférickém
souradnicovém systému jako [9, 10, 33].
ds2=-c2dt2+a2(t)(dr21-kr2+r2dQ2),d0Q2=dO2+sin20d®2,(4) k je index
zakriveni prostoru, r je vzdalenost priblizovani a © a @ jsou sférické uhly.
Alternativa k Eq. 4 je tzv. konformni forma metriky FLRW [16], ktera
predpoklada stejny faktor a(t) pro dilataci ¢asu a expanzi prostoru, A(t) = B(t) =
a(t), ds2=a2(t)(-c2dt2+dr21-kr2+r2dQ2),(5) kde ¢as t ma jiny fyzikalni vyznam
nez v rov. 4 se ¢asto oznacuje jako n. Je zfejmé, Ze Einsteinovy rovnice




neomezuji funkce A(t) a B(t) v rovnici. 3 a neddvaji nam zadnou prednost mezi
rov. 4 pro standardni metriku FLRW a Eq. 5 pro konformni metriku FLRW. Obé
metriky jsou zaloZzeny na predpokladu dokonalé izotropie a homogenity a
splniuji rovnice GR.

2.2 Koordinacni svoboda volby ¢asu MuzZeme vidét, Ze Eq.5 se ziska z
rov. 4 jednoduchou transformaci dt=a(t)dn,(6) kde n se nazyva konformni
(comoving) Cas a t je spravny ¢as. Bézné je konformni ¢as n povazovan za
matematicky koncept odlisny od fyzikdlniho souradnicového ¢asu. V tomto
pripadé jsou rovnice 4, 5 fyzikdlné ekvivalentni, protoZze jsme pouzili pouze
zménu méritka ¢asu pomoci rovnice. 6 a Einsteinovy rovnice jsou souradnicové
invariantni [12, 34]. Méli bychom si vSak uvédomit, Ze soufadnicova invariance
Einsteinovych rovnic neznamend, Ze mizeme libovolné ménit méritko casovych
a prostorovych souradnic bez fyzikalnich ndsledkd. Fyzicky smysluplné
souradnice by mély byt identifikovany s , kosmologickym souradnicovym
systémem®, ve kterém jsou vSechna zakladni télesa v klidu [14, 15, 20, 21]. V
metrice také nemUzeme michat komovovéni a sprdvné souradnice. Pokud tuto
podminku ignorujeme a nerozliSujeme mezi pfiblizovacimi a vlastnimi
souradnicemi, rovnice 4, 5 mohou popisovat staticky vesmir, za predpokladu,
Ze vzddalenost r je nahrazena spravnou vzdalenosti R jako dr=dRa(t) .(7) Klicem k
pochopeni rovnic 4, 5 je tedy definovat, které veliciny jsou fyzikdlni (souvisejici
s kosmologickym souradnicovym systémem) a které

....................................................................................

(03)- veliCiny popisuji pouze libovolnou soufadnici bez fyzikalniho
vyznamu. JestliZze r je vzdalenost pfiblizovani, rovnice 4, 5 nepopisuji staticky
vesmir, ale rozpinajici se vesmir. Podobné, je-li konformni ¢as n ¢as prechodu
méreny hodinami v kosmologickém sourfadnicovém systému, pak rovnice 4, 5
definuji dva fyzikalné odliSné modely vesmiru. To je zfejmé, protoze Eq. 4
predpokladd, Zze kosmicky cas je invariantni vici expanzi prostoru, zatimco Eqg. 5
predpoklada, ze kosmicky cas je zavisly na expanzi vesmiru. V dlsledku toho je
souradnicova rychlost svétla v rovnici invariantni. 4 ale zavisi na a(t) v rov. 5, viz
priloha A. Protoze obé rovnice jsou v GR pfipustné, je treba spravny tvar
metriky kosmologického souradnicového systému zjistit z pozorovani. Spravna
metrika by méla predevsim uspokojivé vysvétlit pozorovani kosmologického
rudého posuvu.

2.3 Kosmologicka nekonzistence rudého posuvu Kosmologicky rudy
posuv ve standardni metrice FLRW se bézné vysvétluje jako zména vinové délky
fotonu v disledku expanze prostoru [9, 10, 33, 35, 36]. BéZné odvozovani v
ucebnicich je nasleduijici. Svétlo se Sifi po nulové geodéze, ds = cdt =0, tedy
c2dt2=a2(t)dl2,(8) kde dI je prvek vzdalenosti pfiblizovani. v disledku toho
cdta(t)=dl.(9) Predpokladejme, Ze vzdalena galaxie emituje fotony konstantni
rychlosti Ate a s vinovou délkou Ae. Fotony jsou pozorovany pfi rychlosti Atras
vinovou délkou Ar. Prvni foton je emitovan v ¢ase te a prijat v ¢ase tr.
Vezmeme-li v Uvahu, Ze vzdalenost mezi galaxii a pozorovatelem je stejna pro



dva po sobé jdouci fotony [trtecdta(t)=[tr+Atrte+Atecdta(t)(10) a odectenim
integrdlu [trte+Atecdta(t)(11) dostaneme [te+Atetecdta(t)=[tr+Atrtrcdta(t)(12)
Protoze se méfitko a(t) méni pomalu a béhem emise a pozorovani dvou po
sobé jdoucich fotonU se pfilis neméni, piSeme
la(te)[te+Atetecdt=1a(tr)[tr+Atrtrcdt.(13) Proto, dea(te)=dra(tr)(14) kde de =
cAte a dr = cAtr jsou vzdalenosti mezi dvéma po sobé jdoucimi fotony u vysilace
a prijimace. Nasledné mlzeme dojit k zavéru, Ze vinové délky foton(i Ae a Ar se
fidi stejnym vztahem Aea(te)=Ara(tr)(15) Toto odvozeni vSak neni spravné.
Pomoci Eq. 13, mGZeme také ziskat nasledujici rovnici Acaj(te)=Atra(tr)(16) coz
znamena3, Ze souradnicovy Cas zavisi na faktoru méfritka a(t). Je zfejmé, Ze Eq.
16 je nekonzistentni se standardni metrikou FLRW popsanou rovnici. 4, kde je
¢as souradnic invariantni. Pfipadné muizZeme ponechat souradnicovy ¢as
nezavisly na faktoru méritka, ale pak musime predpokladat, Ze rychlost svétla c
zavisi na faktoru méritka a(t) a musime rozliSovat mezi rychlosti svétla v zarici,
ce a v prijimadi, kr. To je opét v rozporu s rov. 4. Zakladni potiz s vySe uvedenym
odvozenim vinovych délek fotonu zavislych na ¢erveném posuvu spocivd v
nespravné definici vinové délky jako vzdalenosti mezi dvéma rznymi
Casoprostorovymi udalostmi, viz prilohy B, C. Je zfejmé, Ze vzdalenost musi byt
mérena na jednom souradnicovém systému, nikoli vsak jako vzdalenost mezi
body ve dvou rliznych souradnicovych systémech spojenych se dvéma fotony
mérenymi v rdznych ¢asech. Jakmile vezmeme v Uvahu dva fotony putujici po
stejné draze paprskll se vzdalenosti d mezi nimi ve stejném case soufadnic,
efekt zvétSovani vzdalenosti mezi fotony béhem expanze prostoru zmizi. Po
kazdém Case t oba fotony urazi stejnou vzdalenost podél stejného paprsku a v
dUsledku toho je vzddlenost mezi nimi ¢asové nezavisl3, viz priloha B.
Matematicky upravime Eq.10, ve kterém nepredpokladame rovnost
vzdalenosti comoving, ale rovnost vzdalenosti pohybu svétla fotond Siticich se
po stejné draze paprsku od vysilace k pfijimaci: [trtecdt=[tr+Atte+Atcdt.(17)
Stejnou logikou jako vyse ziskame, Ze pokud se €as a rychlost svétla neméni,
neméni se ani vinova délka foton(. Dva po sobé jdouci fotony pohybuijici se po
stejné paprskové draze si tedy udrzuji svou vzajemnou spravnou vzdalenost
konstantni a nezavislou na rudém posuvu. Avsak spravna vzdalenost mezi
dvéma fotony cestujicimi podél dvou paralelnich paprskd soucasné zavisi na
rudém posuvu a zvysuje se s expanzi prostoru. Je to proto, Ze vzdalenost mezi
dvéma fotony pohybujicimi se po paralelnich paprskovych drahach je
konstantni, takZze spravna vzdalenost se musi zvétSovat s expanzi prostoru, viz.
Pane Vavrycuk, to, co tady vyse popisujete, tomu také sam vérite?

(04)- Appendix C. Only the proper distance between two successive photons
travelling along the same ray does not change, see Appendix B.

The above derivation proves that the standard FLRW metric cannot be
applied to the Universe, because it does not predict the cosmological redshift.
The cosmological redshift can be observed only if the cosmic time depends on
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the scale factor a(t) and it runs differently at high redshift than at present.
Therefore, the cosmological redshift is not a consequence of the space
expansion but of time dilation. A disputable character of the original FLRW
metric is also indicated by comparing this metric with other solutions in GR,
where the expansion/contraction of space is tightly connected with time
dilation. If we insist on no time dilation, no redshift will be observed.

The variability of the cosmic time during the Universe evolution would be
supported by the fact that the mass density in the Universe is time dependent.
At previous epochs, the Universe was much denser and the gravitational field
much stronger. Going back in time to high redshifts is analogous to the case,
when an observer moves towards the black hole. According to the
Schwarzschild solution, the coordinate time for the observer close to the black
hole runs differently than for the observer far from the black hole. Similarly,
the coordinate time must run differently at the high redshift Universe than at
the present epoch. Consequently, assuming that the Universe expands but the
cosmic time is invariant is physically unjustified.

Hence, the correct metric is the conformal form of the FLRW metric
described by Eg. 5 and the cosmological redshift obeys the same formula as the
gravitational redshift:

vevr=1+z=Vg00(r)g00(e)(18)

where z is the redshift, ve and v, are the frequencies of the photon at the
emitter and receiver, and goo(e) and goo(r) are the time components of the
metric tensor gas at the emitter and receiver, respectively.

2.4 Properties of the Conformal FLRW Metric

The conformal FLRW metric is essentially different from the original
FLRW metric with fundamental physical consequences:

e Eq. 5 implies that the comoving speed of light is constant but the
proper speed of light depends on redshift. Hence, the volume of the Universe
and distance between galaxies were smaller at high redshift, but photons
emitted by a galaxy reach a neighbouring galaxy after the same time at high
redshift as well as at the present epoch. In other words, this Universe model is
conformal with the static Universe.

* The frequency ve of photons emitted at redshift z is higher than the
frequency v, of photons received as:

vevr=1+z.(19)

e Not only the frequency v of photons but also the rate of photons
increases with redshift as (1 + z).

e The proper speed of light c in the cosmological coordinate system
decreases with redshift as (1 + z)™.

e The wavelength A. of photons emitted at redshift z is shorter than the
wavelength A, of photons received as:

AeAr=(1+z)-2.(20)

This includes a decrease of frequency v and an increase of the speed of
light ¢ with cosmic time.
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2.5 Friedmann Equations Revisited

If the expansion of the Universe is described by the conformal FLRW
metric, the Friedmann equations must be modified. The standard Friedmann
equations for the pressureless fluid read [10, 33].

(6 a)2=81G3p-kc2a2+13Ac2,(21)

d a=-4nG3p+13Ac2,(22)

where a=(1+2)-1

is the scale factor, G is the gravitational constant, p is the mean mass
density, k/a? is the spatial curvature of the Universe, and A is the cosmological
constant.

In order to express the Friedmann equations for the conformal FLRW
metric, we have to substitute time t by the conformal time n and time
derivative a =da/dt

by a’=da/dn=aa

. Hence, the conformal Friedmann equations read

(a'a)2=8nG3pa2-kc2,(23)

a"a=-4nG3pa2,(24)

where we omitted the cosmological constant, because it was inserted
into Egs 21 and 22 artificially in order to fit Type la supernova observations.
Considering the matter-dominated Universe, we get

8nG3p=H200ma-3(25)

and Eq. 23 reads

H2(a)=H20(Qma-1+Qk)(26)

with the condition

Qm+Qk=1,(27)

where H(a) = a'/a is the Hubble parameter, Ho is the Hubble constant, Qn,
is the normalized matter density, and Q« is the normalized space curvature.
Since this model is basically the Einstein-de Sitter (EdS) model but applied to
the conformal FLRW metric, it will be called as the “conformal EdS model” in
contrast to the standard EdS model based on the original FLRW metric.

3 Supernovae Observations

The correctness of Eqg. 26 for the time evolution of the Universe can be
checked by Type la supernova (SNe la) observations, which provide the most
accurate measurements of cosmological distances and of the expansion history
of the Universe. A discrepancy between the supernova observations and the
predictions of the standard EdS model was called the “supernovae dimming”
[37, 38], and led to reintroducing the cosmological constant A into the Einstein

(04)- Priloha C. Pouze spravna vzdalenost mezi dvéma po sobé jdoucimi
fotony putujicimi podél stejného paprsku se neméni, viz Pfiloha B. Vyse
uvedené odvozeni dokazuje, Ze standardni metriku FLRW nelze aplikovat na
vesmir, protoze nepredpovida kosmologicky rudy posuv. Kosmologicky rudy
posuv lze pozorovat pouze tehdy, zavisi-li kosmicky ¢as na faktoru méftitka a(t)
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a pri vysokém rudém posuvu probiha jinak nez v soucasnosti. Kosmologicky
rudy posuv tedy neni dliisledkem expanze prostoru, ale dilatace ¢asu. O
sporném charakteru plvodni metriky FLRW svédci i srovndni této metriky s
jinymi fesenimi v GR, kde expanze/kontrakce prostoru Uzce souvisi s dilataci
¢asu. Pokud budeme trvat na Zzadné dilataci ¢asu, nebude pozorovan zadny
rudy posuv. Promeénlivost tempa plynuti kosmického ¢asu béhem vyvoje
vesmiru by podpofila skutecnost, Ze hustota hmoty ve vesmiru je zavisla na
Case. ?? V predchozich epochach byl vesmir mnohem hustsi a gravitacni pole
mnohem silnéjsi. Navrat v ¢ase k vysokym rudym posuvim je analogicky
pfipadu, kdy se pozorovatel pohybuje smérem k Cerné dife. Podle
Schwarzschildova feSeni bézi souradnicovy ¢as pro pozorovatele pobliz ¢erné
diry jinak nez pro pozorovatele daleko od ¢erné diry. O.K. zakfiveni
¢asoprostoru smérem od CD klesa. Podobné musi soufadnicovy ¢as béZet jinak
ve vesmiru s vysokym rudym posuvem nez v soucasné epose. Dtto, v soucasné
epose je kfivost ¢p mala a smérem k big-bangu roste, proto roste i ten rudy
posuv. V disledku toho je predpoklad, Ze se vesmir rozpin3, ale
tempo plynuti ¢asu , myslim, Ze to mozné je. ((Podle Kulhanka je
kosmicky ¢as proménny )). Ale nelze to ni¢im dokazat. Spis bych se priklanél
k tomu, Ze tempo plynuti asu je v kazdé vesmirné lokalité jiné (v galaxii jiné, a
v mezigalaktickém prostredi také jiné), a historicky od BB ke dnesku m{ze byt
tempo plynuti ¢asu také jiné. Podle zmén lokdlnich hustot hmoty bude rtizné
krivy 3+3D Casoprostor, fyzikalné neopodstatnény. (!) (?) Spravnd metrika je
tedy konformni forma metriky FLRW ¢im podpofite své tvrzeni? popsana
rovnici. 5 aha... ale to lze potvrdit podle spousty rovnic... a kosmologicky rudy
posuy se fidi stejnym vzorcem jako igravitacni rudy posuv:
vevr=1+z=Vg00(r)g00(e)(18) pak ale musi mit oba stejnou kfivost dimenzi.
Shoda kfivosti je nahodna...Ocituji nazor prof. Kulhanka:“Podle obecné teorie
relativity kolem sebe télesa zakfivuji prostor a cas. V pokfiveném casoprostoru
se potom pohybuji po nejrovnéjsich mozZnych drahdch, tzv. geodetikdch. Jednim
z dusledki zakriveni ¢asu v okoli hmotnych téles je rtzny chod hodin v riizné
vzddlenosti od daného télesa. Tento jev mlzZzeme mérit bud’ pfimo za pomoci
hodin umisténych v riizné vzddlenosti od télesa (Zemé) nebo pomoci cerveného
gravitacniho posuvu. Foton opoustéjici hmotné téleso (napriklad Zemi)
v dusledku zmény chodu ¢asu (a zmény zakriveni prostoru) méni svou frekvenci
a cervend, tj. prodluzuje svou vinovou délku, coz je méritelné.” kde z je Cerveny
posuv, ve a vr jsou frekvence fotonu na vysilaci a prijimaci a g00(e) a g00(r) jsou
Casové slozky metrického tenzoru gaf na vysilaci a pfijimaci. Podle Kulhanka
krivi-li se i Casové dimenze, je kosmicky Cas [proménny|
2.4 Vlastnosti konformni metriky. FLRW Konformni metrika FLRW se
podstatné isi od plvodni metriky FLRW se zakladnimi fyzikalnimi dsledky: e
Eq. 5 znamen3, Ze rychlost pohybu svétla je konstantni, ale spravna rychlost
svétla zavisi na Cerveném posuvu. Podle ceho tak soudite? V plochém
casoprostoru je rychlost svétla konstantni at Vy chcete nebo nechcete.
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V plochém Cp zadny rudy posuv neni. Objem vesmiru a vzdalenost mezi
galaxiemi byly tedy mensi pfi vysokém rudém posuvu, O.K. ale fotony
emitované galaxii dosahnou sousedni galaxie po stejné dobé pfi vysokém
rudém posuvu, stejné jako v soucasné epose. Podle ceho tak soudite? Vysoky
rudy posuv zavisi nejen na case, ale i na kfivosti dimenzi. Jinymi slovy, tento
model vesmiru je konformni se statickym vesmirem. ¢ Frekvence ve foton(
emitovanych pfi éerveném posuvu z je vyssi nez frekvence vr foton( pfijatych
jako: vevr=1+z.(19) » Nejen frekvence v fotond, ale i rychlost ¢ fotonU roste s
cervenym posuvem jako (1 + z). ¢ Vlastni rychlost svétla c v kosmologickém
souradnicovém systému klesa s cervenym posuvem jako (1 + z)-1. Proc? e
VInova délka Ae foton(i emitovanych pfi ¢erveném posuvu z je kratsi nez vinova
délka Ar foton( prijatych jako: AeAr=(1+z)-2.(20) To zahrnuje snizeni frekvence
v a zvySeni rychlosti svétla ¢ s kosmickym ¢asem.

2.5 Prezkoumani Friedmannovych rovnic.

Pokud je expanze vesmiru popsana konformni metrikou FLRW, musi byt
Friedmannovy rovnice upraveny. Standardni Friedmannovy rovnice pro
beztlakou kapalinu byly uvedeny [10, 33]. (a a)2=8nG3p-kc2a2+13Ac2,(21) a
a=-4nG3p+13Ac2,(22) kde a=(1+z)-1 je méfitko, jaky ma rozmér? G je
gravitacéni konstanta, p je stfedni hustota hmoty, k/a2 je prostorové zakriveni
vesmiru a A je kosmologicka konstanta. S rozmérem metr? Abychom vyjadfili
Friedmannovy rovnice pro konformni metriku FLRW, musime nahradit ¢as t
konformnim ¢asem n coz je pokrivena dimenze a ¢asovou derivaci a =da/dt
podle a’=da/dn=aa . Proto se ¢tou konformni Friedmannovy rovnice
(a'a)2=8nG3pa2-kc2,(23) a""a=-4nG3pa2,(24) kde jsme vynechali
kosmologickou konstantu, protoze byla vloZzena do rovnic 21 a 22 uméle, aby
odpovidala pozorovani supernov typu la. Kdyz vezmeme v Uvahu vesmir
ovladany hmotou, dostavame 8nG3p=H20Qma-3(25) a Eq. 23 precteni
H2(a)=H20(Qma-1+Qk)(26) s podminkou Om+Qk=1,(27) kde H(a) = a'/a je
Hubblelv parametr, ? HO je Hubbleova konstanta, Om je normalizovana
hustota hmoty a Qk je normalizované zakfiveni prostoru.
http://www.hypothesis-of-universe.com/docs/c/c 239.ipg Vzhledem k tomu,
Ze tento model je v podstaté Einstein-de Sitter (EdS) model, ale aplikovany na
konformni metriku FLRW, bude nazyvan jako |,konformni model EdS“| na rozdil
od standardniho modelu EdS zaloZzeného na plivodni metrice FLRW. 3
pozorovani supernov Spravnost rov. 26 pro ¢asovy vyvoj vesmiru lze ovéfrit
pozorovanim supernov typu la (SNe la), které poskytuji nejpresnéjsi méreni
kosmologickych vzdalenosti a historie expanze vesmiru. Nesoulad mezi
pozorovanim supernov a predpovédi standardniho modelu EdS nesoulad ma
dlvod v globalni zméné kfivosti vSech dimenzi 3+3D, mozna jen nékterych z ¢p,
byl nazvan ,,stmivani supernov” [37, 38] a vedl k opétovnému zavedeni
kosmologické konstanty A do Einsteinova
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(05)- and Friedmann equations. The observation of the unexpected SNe la
dimming motivated large-scale systematic searches for SNe la and resulted in a
rapid extension of supernovae compilations.

The current supernovae compilations Union2.1 [39-44], and Pantheon
[45, 46] comprise of hundreds of SNe la discovered and spectroscopically
confirmed. The Pantheon dataset is the most accurate SNe la compilation at
present. Every SN la is described by its apparent rest-frame B-band magnitude
ms, the absolute B-band magnitude Ms, the stretch parameter x1, and the
colour parameter c. These parameters are used in the Tripp formula [47, 48] for
calculating the redshift-dependent distance modulus u(z), which serves for
testing the cosmological models,

u=mB-MB+ax1-6¢(28)

where coefficients a and 8 are the global nuisance parameters to be
determined when seeking an optimum cosmological model. The expansion
history is calculated from u using the following equations,

u=25+5log10(dL),dL=(1+z)[z0cdz'H(z')(29)

where d, is the luminosity distance expressed for the flat Universe. The
Hubble function H(z) is expressed for the flat Universe described by the
standard ACDM model as

H2(z)=H20[Qm(1+2)3+QA],(30)

by the standard EdS model as

H2(z)=H20[Om(1+2)3+Qk(1+2)2],(31)

and by the conformal EdS model as

H2(z)=H20[Qm(1+2)+Qk].(32)

While the ACDM model contains dark energy Qa as a free parameter,
which must be adjusted by fitting with the SNe la observations, the conformal
EdS model requires no free parameter for the flat Universe, and the curvature
parameter Q« is needed for a curved Universe. Since the Universe is nearly flat,
this parameter should be close to zero and can be determined from other
independent observations. Model-independent methods for estimating Q are
based on reconstructing the comoving distances by Hubble parameter data and
comparing with the luminosity distances [49-51], on the angular diameter
distances [52], on strongly gravitational lensed SNe la [53] or on gravitational
waves [54]. The authors report the curvature term Q« ranging between -0.3
and -0.1 indicating that the Universe is nearly flat and closed.

Figure 1 shows a comparison of the SNe la measurements with
predictions of the ACDM model and the standard and conformal EdS models.
The standard EdS model is in a visible disagreement with the SNe Ila
measurements and this disagreement led to developing the ACDM model by
introducing the normalized density of dark energy Qa into Eqg. 30 to get a
satisfactory fit. Strikingly, the conformal EdS model defined by Eq. 32 fits data
equally well as the ACDM model with no assumption on dark energy (see Figure
2). This confirms that the solution of the puzzle with the supernovae dimming
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does not lie in introducing dark energy but in correcting the metric used in the
Friedmann equations.

FIGURE 1

FIGURE 1. The Hubble diagram with Type la supernovae observations.
Blue dots show measurements of the SNe Pantheon compilation [45, 46]. The
red line in (A) shows the ACDM model described by Eq. 30 with Q, =0.3 and Qa
=0.7. The red line in (B) shows the conformal EdS model described by Eq. 32
with Qm = 1.2 and Qx =-0.2. The black line in (A,B) shows the standard EdS
model described by Eq. 31 with Q, = 1.0 and Q« = 0. The Hubble constant is Ho
=69.8 km s Mpc™?, obtained from observations of the SNe la data with a red
giant calibration [55].

OBRAZEK 1. Hubble(lv diagram s pozorovanim supernov typu la. Modré
body ukazuji méFeni kompilace SNe Pantheon [45, 46]. Cervend ¢ara v (A)
ukazuje model ACDM popsany rovnici. 30 s Qm = 0,3 a QA = 0,7. Cervend ¢ara v
(B) ukazuje konformni EdS model popsany rovnici. 32 s Qm =1,2 a Qk = -0,2.
Cernd ¢ara v (A,B) ukazuje standardni EdS model popsany rovnici. 31s Qm = 1,0
a Qk = 0. Hubbleova konstanta je HO = 69,8 km s-1 Mpc-1, ziskana z
pozorovani dat SNe la s kalibraci Cerveného obra [55]. Kdy byla ziskana tato
hodnota Hubbleho konstanty HO = 69,8 ?? Je to jedna z poslednich hodnot
,moderniho” pozorovani ?? Moje hodnota stafi je 14,24 miliad let.
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OBRAZEK 2. Rezidualni Hubbleovy grafy pro (A,B) jednotliva data SNe la a
(C,D) sdruzena data SNe la. (A,C) Plochy ACDM model, (B,D) konformni EdS
model. Parametry model( viz popis na obrazku 1. Chybové usecky v (C,D)
ukazuji 99% intervaly spolehlivosti. Data jsou prevzata z kompilace SNe
Pantheon [45, 46].

(05)- and Friedmann equations. The observation of the unexpected SNe
la dimming motivated large-scale systematic searches for SNe la and resulted in
a rapid extension of supernovae compilations.

The current supernovae compilations Union2.1 [39-44], and Pantheon
[45, 46] comprise of hundreds of SNe la discovered and spectroscopically
confirmed. The Pantheon dataset is the most accurate SNe la compilation at
present. Every SN la is described by its apparent rest-frame B-band magnitude
ms, the absolute B-band magnitude Ms, the stretch parameter x1, and the
colour parameter c. These parameters are used in the Tripp formula [47, 48] for
calculating the redshift-dependent distance modulus u(z), which serves for
testing the cosmological models,

u=mB-MB+ax1-6¢(28)

where coefficients a and 8 are the global nuisance parameters to be
determined when seeking an optimum cosmological model. The expansion
history is calculated from u using the following equations,

u=25+5log10(dL),dL=(1+z)[z0cdz'H(z')(29)
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where d; is the luminosity distance expressed for the flat Universe. The
Hubble function H(z) is expressed for the flat Universe described by the
standard ACDM model as

H2(z)=H20[QOm(1+2)3+QA],(30)

by the standard EdS model as

H2(z)=H20[Qm(1+2)3+Qk(1+2)2],(31)

and by the conformal EdS model as

H2(z)=H20[Qm(1+2)+Qk].(32)

While the ACDM model contains dark energy Qa as a free parameter,
which must be adjusted by fitting with the SNe la observations, the conformal
EdS model requires no free parameter for the flat Universe, and the curvature
parameter Q is needed for a curved Universe. Since the Universe is nearly flat,
this parameter should be close to zero and can be determined from other
independent observations. Model-independent methods for estimating Q« are
based on reconstructing the comoving distances by Hubble parameter data and
comparing with the luminosity distances [49-51], on the angular diameter
distances [52], on strongly gravitational lensed SNe la [53] or on gravitational
waves [54]. The authors report the curvature term Q ranging between -0.3
and -0.1 indicating that the Universe is nearly flat and closed.

Figure 1 shows a comparison of the SNe la measurements with
predictions of the ACDM model and the standard and conformal EdS models.
The standard EdS model is in a visible disagreement with the SNe la
measurements and this disagreement led to developing the ACDM model by
introducing the normalized density of dark energy Qa into Eq. 30 to get a
satisfactory fit. Strikingly, the conformal EdS model defined by Eq. 32 fits data
equally well as the ACDM model with no assumption on dark energy (see Figure
2). This confirms that the solution of the puzzle with the supernovae dimming
does not lie in introducing dark energy but in correcting the metric used in the
Friedmann equations.
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FIGURE 1. The Hubble diagram with Type la supernovae observations.
Blue dots show measurements of the SNe Pantheon compilation [45, 46]. The
red line in (A) shows the ACDM model described by Eg. 30 with Q, =0.3 and Qa
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=0.7. The red line in (B) shows the conformal EdS model described by Eq. 32
with Qm =1.2 and Qk =-0.2. The black line in (A,B) shows the standard EdS
model described by Eq. 31 with Q, = 1.0 and Q« = 0. The Hubble constant is Ho
=69.8 km s Mpc™!, obtained from observations of the SNe la data with a red
giant calibration [55].
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FIGURE 2. Residual Hubble plots for (A,B) the individual SNe la data and
(C,D) the binned SNe la data. (A,C) The flat ACDM model, (B,D) the conformal
EdS model. For parameters of the models, see caption of Figure 1. The error
bars in (C,D) show the 99% confidence intervals. Data are taken from the SNe
Pantheon compilation [45, 46].

4 Discussion

The Friedmann equations introduce the expansion of the Universe and
form fundamentals of modern cosmology. Intuitively, the space expansion can
explain the cosmological redshift, because the distant galaxies are moving away
due to the expansion and we observe their light distorted by the Doppler
effect. This was probably the motivation for describing the Universe by the
standard FLRW metric. The problem is, however, more involved, and we know
that the cosmological redshift is not due to the Doppler effect but due to
distortion of the spacetime described by GR. The redshift of distant galaxies
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would be observed even for a non-expanding Universe at the present epoch.
From this point of view, there is no clear argument, why the standard FLRW
metric introduces just the space expansion with no time dilation.

In fact, it is surprising to assume distortion of space only, because other
solutions in GR such as the well-known Schwarzschild solution involve
distortions in space and time together. At previous epochs, the Universe was
much denser and the gravitational field much stronger, hence going back in
time to high redshifts is analogous to an observer moving towards the black
hole. Since the coordinate time runs differently close to and far from the black
hole, we can expect to observe a similar effect when comparing clocks at the
high redshift Universe and at the present epoch.

In addition, the assumption of no time dilation during the Universe
evolution is not strange only from the theoretical point of view but it is also in
contradiction with astronomical observations. The existence of cosmic time
dilation and its real physical nature is supported by observations of gamma ray-
bursts [56—-58] and Type la supernovae light curves [59, 60]. For example,
Zhang [61] studied a sample of 139 SWIFT long gamma-ray bursts (GRBs) with
redshift z < 8.2 and obtained a significant correlation between their duration
and redshift. Similarly, Littlejohns and Butler [62] analysed 232 GRBs detected
by the Swift/Burst Alert Telescope (BAT) and revealed that the observed
durations are consistent with cosmic time dilation. As regards supernovae, the
SNe la display rather uniform light curves and thus they can be used as local
clocks. The spectral evolution of the light curves and stretching of time in the
observer frame was disclosed by many authors [59, 63-65], and corrections for
time dilation are now routinely applied to the SNe la data [60, 66].

The re-examination of light propagation in space defined by the standard
FLRW metric reveals another severe contradiction with observations: this
metric actually does not predict the cosmological redshift. This is surprising and
against the common opinion that the standard FLRW metric produces the
cosmological redshift. However, it is shown that the mathematical derivation
originally proposed by Lemaitre [2] and repeated in textbooks is not correct.
Lemaitre [2] analysed the change of the wavelength of photons propagating in
expanding space and he came to a wrong conclusion that the wavelength of
photons must increase, similarly as the proper distance between objects in
rest. An increasing wavelength of photons is then transformed into the change
of their frequency under the assumption of the constant speed of light. Since
this derivation gave intuitively acceptable results, there was no reason to
critically check its correctness by other cosmologists.

A correct analysis shows, however, that the wavelength of photons does
not increase and the frequency of photons is constant during the space
expansion defined by the standard FLRW metric. The change in the frequency
of photons is always connected with time dilation and with a variation of the
time metric goo in GR, similarly as for the gravitational redshift. Therefore, the
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standard FLRW metric must be substituted by the conformal FLRW metric that
predicts the

4 Diskuse.

Friedmannovy rovnice predstavuji expanzi vesmiru a tvori zaklady
moderni kosmologie. Vesmir se fidi podle Friedmana anebo Friedman se fidi
podle Vesmiru?? Intuitivné mUzZe expanze vesmiru vysvétlit kosmologicky
cerveny posuv, protoze vzdalené galaxie se diky expanzi vzdaluji a my
pozorujeme jejich svétlo zkreslené Dopplerovym jevem. A cokdyZ my
pozorujeme jejich svétlo zkreslené diky tomu, Ze ranny vesmir, tj. ranny
Casoprostor byl extrémné zakfriven a ona expanze se konala jakozto rozbalovani
Casoprostoru do mensich a mensich krivosti a tak svétlo kopirovalo tuto
expanduijici kfivost s mensi a mensi kfivosti. Proto mize byt svétlo rannych
galaxii zkreslené nikoliv Dopplerovym jevem ale onou kfivosti 3+3 dimenzi
casoprostoru, ktery se ,rozbaluje”. http://www.hypothesis-of-
universe.com/docs/c/c 053.jpg ;: http://www.hypothesis-of-
universe.com/docs/c/c 232.jpg ; http://www.hypothesis-of-
universe.com/docs/c/c 239.ipg ; To byla pravdépodobné motivace pro popis
vesmiru standardni metrikou FLRW. Problém je vSak mnohem zavaznéjsi a
vime, Ze kosmologicky rudy posuv neni zplisoben Dopplerovym jevem, ale
zkreslenim €asoprostoru popsanym GR. O.K. rudy posuv je projevem zakfiveni
3+3D casoprostoru Rudy posuv vzdalenych galaxii by byl v sou¢asné epose
pozorovan i pro nerozpinajici se vesmir. ?? Z tohoto pohledu neexistuje jasny
argument, proc standardni metrika FLRW zavadi pravé expanzi prostoru bez
dilatace ¢asu. Ono je vlbec podivné kdyz fyzikové ,zavadi“ néco Vesmiru.
Vesmir neni dement, aby mu musel nékdo néco zavadét|. Ve skutecnosti je
prekvapivé predpokladat pouze zkresleni prostoru, protoze jina reSeni v GR,
jako je znamé Schwarzschildovo feseni, zahrnuji zkresleni prostoru a c¢asu
dohromady. V predchozich epochach byl vesmir mnohem hustsi a gravitacéni
pole mnohem silnéjsi, takZze navrat v ¢ase k vysokym rudym posuviim je
analogicky s pozorovatelem pohybujicim se smérem k ¢erné dife. Anebo od
cerné diry?? Vzhledem k tomu, Ze souradnicovy €as bézi rizné blizko a daleko
od cerné diry, miZzeme ocekavat, Ze podobny efekt pozorujeme pfi srovnavani
hodin ve vesmiru s vysokym rudym posuvem a v soucasné epose.?? Navic
predpoklad, Ze béhem vyvoje vesmiru nedojde k Zzadné dilataci ¢asu, neni
podivny jen z teoretického hlediska, ale je i v rozporu s astronomickymi
pozorovanimi. Do této Uvahy lze vlozit i podobnou Uvahu a to Ze Ize dilataci
¢asu vnimat jako pokfivenou ¢asovou dimenzi v rizné pokfivenych lokalitach
Cp (napf. galaxie, hvézdy, cerné diry). Kdyz si v abstraktnim premysleni
rozfiznete cely vesmir od minus nekonecna do plus nekonecna, bude se krivost
meénit pro stovky lokalit. Kdyz se budete po ¢asové dimenzi posouvat
v protisméru, tj. smérem k singuldrnimu pocatku, mozna se bude v tomto rezu
ménit tempo plynuti ¢asu jako by to byla dilatace, jakoby se ménila, zvySovala
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krivost dimenze casové az do krajnosti tj. 0 90°. Existenci kosmické dilatace
¢asu a jeji skute¢nou fyzikalni podstatu podporuji pozorovani zablesk( gama
[56-58] a svételnych krivek supernov typu la [59, 60]. Napriklad Zhang [61]
studoval vzorek 139 SWIFT dlouhych gama zableskl (GRB) s ¢ervenym posuvem
z £ 8,2 a ziskal vyznamnou korelaci mezi jejich trvanim a ¢ervenym posuvem.
Podobné Littlejohns a Butler [62] analyzovali 232 GRB detekovanych
dalekohledem Swift/Burst Alert Telescope (BAT) a odhalili, Ze pozorovana
trvani jsou v souladu s dilataci kosmického €asu. To je co? Je to narovnavani
krivosti casové dimenze? Pokud jde o supernovy, SNe la vykazuji spiSe jednotné
svételné krivky a Ize je tedy pouzit jako lokdlni hodiny. JenZe kazdou lokalitu
(galaxii, slunecni soustavu) s presnym tempem plynuti ¢asu narusuji
roztrousené zmény gravitacnich potencial... Spektralni vyvoj svételnych kFivek
a natahovani ¢asu v rdmci pozorovatele bylo zvefejnéno mnoha autory [59, 63—
65] a korekce na dilataci ¢asu jsou nyni rutinné aplikovany na data SNe la [60,
66]. Opétovné zkoumani Sifeni svétla v prostoru definovaném standardni
metrikou FLRW odhaluje dalsi vazny rozpor s pozorovanimi: tato metrika ve
skutecnosti nepredpovidd kosmologicky rudy posuv. A co predpovida metrika?
To je prekvapivé a proti béZznému nazoru, zZe standardni metrika FLRW vytvari
kosmologicky rudy posuv. Ze by? Ukazuje se viak, 7e matematické odvozenf
odvozeni ¢eho? pavodné navrzené Lemaitrem [2] a opakované v ucebnicich
neni spravné. Lemaitre [2] analyzoval zménu vinové délky fotonU Siticich se v
rozpinajicim se prostoru a doSel k nespravnému zavéru, Ze vinova délka fotonu
se musi zvétSovat, podobné jako spravna vzdalenost mezi objekty v klidu.
http://www.hypothesis-of-universe.com/docs/c/c 305.jpg ; Rostouci vinova
délka foton( se pak transformuje na zménu jejich frekvence za predpokladu
konstantni rychlosti svétla. Protoze toto odvozeni poskytlo intuitivné prijatelné
vysledky, nebyl dlivod kriticky kontrolovat jeho spravnost jinymi kosmology.
Spravna analyza vSak ukazuje, Ze vinova délka foton( se nezvysuje a frekvence
fotond je konstantni béhem rozpinani http://www.hypothesis-of-
universe.com/docs/c/c 232.jpg prostoru definovaného standardni metrikou
FLRW. Zména frekvence fotoni je vidy spojena s dilataci ¢asu O.K. a ta zména
pozorovana z mista Pozorovatele smérem k horizontu vesmiru, coz by mohlo
byt v souladu s STR pfiv ¢ azménou casové metriky g00 v GR, podobné jako
u gravitacniho rudého posuvu. Ten se ale do mladsich epoch vesmiru nespojité
méni, Ze? Proto musi byt standardni metrika FLRW nahrazena konformni

6 cosmic time dilation and the cosmological redshift properly.
Consequently, the cosmic time should be identified with the conformal time
and the space-time evolution of the Universe should be described by the
conformal FLRW metric only.
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Obviously, we can ask a question: why atoms radiate photons with the
same (rest-frame) frequency at all redshifts and why this frequency is not
affected by time dilation? The answer is straightforward: the frequency of
emitted photons is independent of redshift, because it depends on quantized
energy levels of electrons in atoms and these energy levels are redshift
independent. Once the photon is emitted, its frequency decreases due to time
dilation when photon propagates along the ray path from the emitter to the
receiver. Since the comoving speed of light is constant, the proper speed of
light must be variable. In this way, the emitted photons with frequency v have
shorter proper wavelengths at high redshift than the photons with the same
frequency v but emitted at the present epoch.

The correctness of the conformal FLRW metric is convincingly confirmed
by SNe la observations. In fact, observations of the SNe la were originally
proposed by Riess et al. [37] and Perlmutter et al. [38] for testifying the existing
cosmological model and the SNe la observations surprisingly revealed essential
discrepancy between theoretical predictions and measurements. However,
instead of questioning the validity of the standard FLRW metric and the
Friedmann equations, Riess et al. [37] and Perlmutter et al. [38] introduced a
free parameter into the Friedmann equations to comply them with data. In this
way, the model is capable to fit the SNe la observations, but at the cost of
introducing a physically controversial concept of dark energy. By contrast, the
EdS model based on the conformal FLRW metric fits the SNe la data with no
need to introduce any new free parameter.

An argument that dark energy is not physical, but originates in the
applied standard FLRW metric is used also by other authors [67-70]. For
example, the accelerated expansion could be an artefact of neglecting
inhomogeneity of the Universe [71-75] as proposed in the Swiss-cheese
cosmology [76—78] or in the timescape cosmology [79—-81]. The SNe la dimming
can partly be a result of cosmic opacity neglected in interpretations of the SNe
la luminosity [82—85]. By contrast, here | show that the essential difficulty with
the standard FLRW metric is not in the oversimplification of the model by
assuming perfect homogeneity and isotropy of the Universe, but in false
neglecting time dilation during the Universe history. The results indicate that
anisotropy, heterogeneity and opacity of the Universe produce probably only
the second-order effects in observations.

5 Conclusion

In summary, we conclude that the conformal FLRW metric| is the only
correct metric for describing the evolution of the Universe, which can predict
the cosmological redshift and time dilation properly. If the time rate is
independent of the expansion of the Universe as in the standard FLRW metric,
the frequency of photons cannot change during the expansion. Therefore, the
variable rate of time during the expansion is inevitable and implies the
following fundamental consequences:
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(1) The gravitational and cosmological redshifts are calculated by the
same formula and describe the same physical process. Both redshifts reflect a
distortion of time produced by changes in the gravitational field. While the
gravitational redshift originates in spatial variations of the gravitational field,

the cosmological redshift originates in temporal variations of the gravitational
field.

..kosmicka dilatace ¢asu a kosmologicky rudy posuv spravné. V disledku
toho by mél byt kosmicky cas identifikovan s konformnim casem a
Casoprostorovy vyvoj vesmiru by mél byt popsan pouze konformni metrikou
FLRW. Je zfejmé, Ze si mUZeme polozit otdzku: pro¢ atomy vyzatuji fotony se
stejnou (zbytkovou) frekvenci pti vSech rudych posuvech a proc tato frekvence
neni ovlivnéna dilataci casu? Odpovéd je pfimocara: frekvence emitovanych
fotonu je nezavisla na rudém posuvu, ?? protoZe zavisi na kvantovanych
energetickych hladinach elektron(i v atomech a tyto energetické hladiny jsou
na rudém posuvu nezavislé. Jakmile je foton emitovan, jeho frekvence klesa v
dUsledku dilatace ¢asu, nejdrive vyhlasite, Ze frekvence neni ovlivnéna dilataci
Casu a v zapéti vykriknete, Ze frekvence klesa v dusledku dilatace ¢asu...? tak
jak...kdyz se foton Sifi po draze paprsku od emitoru k pfijimaci. Protoze rychlost
svétla je konstantni, v kazdém nezakfiveném casoprostoru, ktery tu funguje
jakoZzto [souradnicovy rastr, c = 1/1 predivo, sit, ve kterém ,plave vSechno
ostatni“|vSechny krivé casoprostory, nejen gravitacni ale i QM interakéni stavy ;
spravna rychlost svétla musi byt proménna. Ne...0/1=1/[1[]=v<c=1/1
Timto zpUsobem maji emitované fotony s frekvenci v kratsi vlastni vinové délky
pri vysokém cerveném posuvu nez fotony se stejnou frekvenci v, ale emitované
v soucasné epose. V soucasné epose je globalni ¢p 3+3D hodddné
plochy...frekvence pozorovana do mladsich epoch bude korespondovat
s vySSim a vysSim rudym posuvem prave kvili zméné kfivosti dimenzi. Ja to
nemam v hlaveé jesté uplné strovnané, ale bude to zapotrebi. Spravnost
konformni metriky FLRW je presvédcivé potvrzena pozorovanim SNe la. Ve
skutec¢nosti byla pozorovani SNe la plivodné navrZena Riessem a kol. [37] a
PerImutter et al. [38] pro doloZeni existujiciho kosmologického modelu a
pozorovani SNe la prekvapivé odhalil zdsadni rozpor mezi teoretickymi
predpovédmi a mérenimi. Misto zpochybnovani platnosti standardni metriky
FLRW a Friedmannovych rovnic vSak Riess et al. [37] a Perlmutter et al. [38]
zaved| do Friedmannovych rovnic volny parametr, aby odpovidal datim. Timto
zpUsobem je model schopen prizpUsobit pozorovani SNe la, ale za cenu
zavedeni fyzikdlné kontroverzniho konceptu temné energie. Naproti tomu
model EdS zaloZeny na konformni metrice FLRW odpovidd datlim SNe la bez
nutnosti zavadét jakykoli novy volny parametr.(Tuto partii si musim si
promyslet). Argument, Zze temna energie neni fyzikalni, ale pochazi z aplikované
standardni metriky FLRW, pouzivaji i jini autofi [67—70]. Napftiklad zrychlena
expanze by mohla byt artefaktem zanedbdvani nehomogenity vesmiru [71-75],




jak je navrzeno v kosmologii Svycarského syra [76—78] nebo v kosmologii
¢asové krajiny [79—81]. Stmivani SNe la muze byt ¢4dstecné dusledkem
zanedbavani kosmické opacity pfi interpretacich svitivosti SNe la [82—85].
Naproti tomu zde ukazuiji, Ze zdsadni problém se standardni metrikou FLRW
neni v priliSném zjednoduseni modelu za pfedpokladu dokonalé homogenity a
izotropie vesmiru, ale ve faleSném zanedbavani dilatace ¢asu béhem historie
vesmiru. Vysledky naznacuji, Ze anizotropie, heterogenita a neprihlednost
vesmiru maji pravdépodobné pouze efekty druhého radu pfi pozorovanich.

5 Zavér. V souhrnu jsme dospéli kdo ,,my“?? k zavéru, Ze konformni
metrika FLRW je jedinou spravnou metrikou pro popis vyvoje vesmiru, ktera
dokaze spravné predpovédét kosmologicky rudy posuv a dilataci ¢asu. Metrika
(spravné/nespravné) predpovida?? Anebo predpovida ¢loveék?

Opis z WIKI: Vztah, ktery Hubble publikoval, predstavuje kosmologicky
rudy posuv z. Ukdzal, Ze je liendrni funkci jejich vzddlenosti r.

_rH
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Z

Ve vztahu miZeme nahradit soucin cz rychlosti v vzdalovdni galaxie a
vztah prepsat na
v=Hpr
Cili : z = v/c; Dale vime z STR a Lorentzovskych transformaci, ze ,gama

den O=¢c/v=1/z = OOOOOO0O0O0O0OOw?*/c? =c/v |

1/V1-v¥c* = ¢y

Pokud je ¢asova rychlost co to je za zkomoleninu ,¢asova rychlost“?? Uz
by védci mohli pristoupit na lepsi slovni vyjadreni: napf. ,tempo plynuti asu”
nezavisla na expanzi vesmiru jako ve standardni metrice FLRW, frekvence
fotonl se nemuze béhem expanze ménit. Proto je proménliva rychlost koho-
ceho?? béhem expanze nevyhnutelnd a ma nasledujici zasadni disledky: (1)
Gravitacni a kosmologické rudé posuvy jsou vypocteny podle stejného vzorce a
popisuji stejny fyzikalni proces. Oba rudé posuvy odrazeji zkresleni ¢asu
zplUsobené zménami v gravitaénim poli. Zatimco gravita¢ni rudy posuv vznika v
prostorovych variacich gravita¢niho pole, kosmologicky rudy posuv vznika v
Casovych variacich gravita¢niho pole. .(Tuto partii si musim promyslet).

(2) The metric describing the evolution of the Universe is conformal with
the static model. This metric leaves the Maxwell’s equations unchanged from
their form in the Minkowski spacetime [20-22].

(3) The conformal FLRW metric predicts correctly the cosmological
redshift: the frequency of photons increases with redshift as (1 + z). Not only
the frequency of photons but also the rate of photons increases with redshift


https://www.frontiersin.org/articles/10.3389/fphy.2022.826188/full#B20
https://www.frontiersin.org/articles/10.3389/fphy.2022.826188/full#B22

as (1 + z) due to time dilation. The real physical nature of cosmic time dilation is
supported by observations of gamma ray-bursts [56-58] and Type la
supernovae light curves [59, 60, 66].

(4) The comoving speed of light is constant. The proper speed of light
decreases with redshift as (1 + z)™1. Hence, the speed of light is not a nature
constant but it varies being dependent on the scale factor a(t) [28, 86].
Consequently, distance between galaxies changes with redshift, but photons
emitted by a galaxy reach a neighbouring galaxy after the same time at high
redshift as well as at the present epoch. The wavelength of photons does not
decrease with redshift as (1 + z)™! as assumed in the standard FLRW metric but
it decreases with redshift as (1 + z)™2.

(5) The conformal FLRW metric fits the SN la observations with no need
to introduce dark energy into the Einstein and Friedmann equations. The dark
energy is an artefact of the erroneous metric used for describing the evolution
of the Universe. Consequently, no repulsive forces produced by dark energy
and acting against gravity are present in the corrected Friedmann equations.
Since the only force considered in the Friedmann equations is gravity, the
expansion of the Universe is decelerating at the present epoch.

(2) Metrika popisujici vyvoj vesmiru je v souladu se statickym modelem.
Tato metrika ponechava Maxwellovy rovnice nezménéné oproti jejich tvaru v
Minkowského Casoprostoru [20-22].

(3) Konformni metrika FLRW spravné predpovidad kosmologicky rudy
posuv: frekvence fotonu roste s rudym posuvem jako (1 + z). Nejen frekvence
fotond, ale i rychlost foton( roste s rudym posuvem jako (1 + z) v disledku
dilatace ¢asu. Skutecnou fyzikalni povahu dilatace kosmického ¢asu podporuji
pozorovani zableskl gama [56—58] a svételnych kfivek supernov typu la [59, 60,
66].

(4) Rychlost pohybu svétla je konstantni. Vlastni rychlost svétla klesa s
cervenym posuvem jako (1 + z)-1. Rychlost svétla tedy neni pfirozenou
konstantou, ale méni se v zavislosti na faktoru métitka a(t) [28, 86]. V dlsledku
toho se vzdalenost mezi galaxiemi méni s rudym posuvem, ale fotony
emitované galaxii dosahnou sousedni galaxie po stejném case pfi vysokém
rudém posuvu, stejné jako v soucasné epose. Vinova délka fotonl neklesd s
rudym posuvem jako (1 + z)-1, jak se predpoklada ve standardni metrice FLRW,
ale klesa s rudym posuvem jako (1 + z)-2.

(5) Konformni metrika FLRW odpovida pozorovani SN la bez nutnosti
zavadét temnou energii do Einsteinovych a Friedmannovych rovnic. Temna
energie je artefaktem chybné metriky pouzivané pro popis vyvoje vesmiru. V
dlsledku toho nejsou v opravenych Friedmannovych rovnicich pfitomny zadné
odpudivé sily produkované temnou energii a pusobici proti gravitaci. Protoze
jedinou silou, kterou Friedmannovy rovnice uvazuji, je gravitace, expanze
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vesmiru se v soucasne epose zpomaluje. .(Tuto partii si musim promyslet).
Intuitivné souhlasim.

Aldebaran, Kulhanek: Jestlize dnes, mnoho miliard let po Velkém tfesku, ma
vesmir hustotu priblizné rovnou kritické, musel byt v minulosti ,,nastaven”
mimoradné presné na kritickou hustotu. Jaké procesy jsou zodpovédné za toto
nastaveni? Napriklad v Planckové case by musela byt odchylka hustoty vesmiru
od kritické hustoty 6p/p = (p - pc)/pc ~ 107°! MUZeme samoziejmé tvrdit, Ze na
pocatku byl vesmir pravé takto ,pfipraven” a chapat rovnost hustoty vesmiru
hustoté kritické jako pocatecni podminku. To je vSak opét znacné umélé

a nepravdépodobné. V dalsi kapitole uvidime, Ze prave inflacni faze v raném
vyvoji vesmiru mohla zplsobit nastaveni vesmiru na kritickou hustotu a
efektivné vynulovat krivostni ¢len v Einsteinové-Fridmanové rovnici.

Aldebaran, Kulhanek:

Re3eni problémi

Inflani model elegantné resi oba dva zakladni problémy standardniho modelu:
problém plochosti vesmiru i problém horizontu. Pfipomenme si jesté jednou
Einsteinovu-Fridmanovu rovnici pro expanzni funkci (viz kapitola standardni
model)

H?-(8/3)nGp = -c*k/a®*,  H=(da/dt)/a.

1/t 1/t 1/t

Citatel i jmenovatel se v prvnim ¢lenu chovaji exponencidlné a exponencialni
zavislost se zkrati. V druhém ¢lenu se exponencialni zavislost vyrazné neprojevi.
Clen na pravé strané bude inflaci ovlivnén zcela dominantné. Ve jmenovateli se
objevi faktor exp[2yxt], ktery zplsobi zmenseni tohoto ¢lenu v pribéhu inflaéni
faze. Pro dalsi rozbor uvaZzujme napfiklad, Ze exp[2xt] ~10°8. Efektivni kfivost
vesmiru tak bude v pribéhu inflacni faze nastavena témér na nulu.
Bezprostfedné po inflaci bude p/pc = 1+107°8 a v dnesni dobé p/p. =~ 1+107°,
Problém plochosti vesmiru je tak reSen nastavenim vesmiru na kritickou
hustotu v prlibéhu inflaéni faze.

Pfed inflaéni fazi byly pro nas pfiklad rozméry vesmiru 10°8krat mensi neZ po
jejim ukonceni. To ale znamena, Ze rozméry vesmiru pred inflacni fazi byly
mensi nez horizont ¢astic a Ze vSechny oblasti byly kauzalné spojeny. Dokonce
cely dnedni pozorovatelny vesmir byl v ¢ase teur v jediném svételném kuzelu. To
je zplUsobeno tim, Ze horizont ¢4astic narUsta linedrné s asem i v pribéhu
inflacni faze.

Einsteinova-Fridmanova rovnice

Einsteinova-Fridmanova rovnice
pro expanzni funkci

H = (da/dt)/a Hubblova konstanta — podil

H? - (8/3)nGp = -c*k/a?
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rychlosti expanze a vzdalenosti

objektu
a(t) expanzni funkce (bezrozmérna)
zména expanzni funkce s ¢asem
da/dt 9 P
p primérna hustota vesmiru (kg/m3)
k skaldrni kfivost vesmiru (1/m?)
G gravitaéni konstanta (Nm%kg™)

vvvvvv

rozpindni vesmiru. Hubblova konstanta souvisi s kritickou hustotou (dosadime
Hubbltv vztah H = v/d = (da/dt)/a do vztahu pro kritickou hustotu) rovnici

pc = 3H*/(8nG).

S kritickou hustotou souvisi dalsi dva vyznamné kosmologické parametry:
Q=p/p

Zaveér

V soucasnosti nevime, jak vznikl vesmir. Experimentdlné dokazeme na
nejvétsich urychlovacich svéta pripravit horké plazma, které svymi vlastnostmi
odpovida pralatce pritomné ve vesmiru v Case nékolika biliontin sekundy.

V Casech kratSich jsou ale naSe znalosti neluplné a ¢im vice se blizime ,, pocatku”,
tim jsou nase predstavy vagnéjsi a vagnéjsi. Pfipomenme si nékteré hypotézy.
Jedna z nich (inflaéni model) ptedpoklada, Zze vesmir vznikl z kvantové pény
prudkou expanzi, které rikdame inflace. Zcela jiny je ekpyroticky model, ktery
vyuzivda mnohorozmérného svéta, v némz je mnoho ménérozmeérnych bran

a nas vesmir se transformoval z jedné takové brany diky nahodnému dotyku

s branou jinou. Dalsi model predpoklada existenci jedné prabrany, z niz se
kvantovymi fluktuacemi vynofilo znacné mnozstvi vesmirli a nas je jen jednim
z nich. Jeden z model(l se opird o predstavu ¢erné diry lokalizované

v extradimenzich, z niz byl nas vesmir doslova vyvrzen. Je zajimavé, Zze mnoho
z téchto hypotéz vyuzivd mnohorozmérny svét, struny a dalsi atributy, o nichz
netusime, zda existuji. | vtom je vidét dosavadni tapani. Nékteré z téchto
hypotéz (je to lepsi slovo nez modely) predpokladaiji, Ze by pfi vzniku vesmiru
mély byt generovany reliktni gravitacni viny. Jejich zachyt by mohl znamenat
vyrazny posun v nasich znalostech o pocatku svéta a vyvraceni nékterych
obskurnich scénaru.
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Aktualni parametry vesmiru zalozené na meérenich sondy Planck. Zdroj: ESA.



