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Then, as precision increases, the array of possible interpretations permitted by uncertainties in the
observation will be correspondingly reduced. Ultimately, when a definite formulation has been achieved,
free from systematic errors and with reasonably small probable errors, the number of competing

I nterpretations wi |l | be reduced to a mini mum. o

Edwin Hubble, The Law of Red-Shifts, 1953, MNRAS 113, 658



FROMIRADITIONAIOMODERMNCOSMOLOGY
THE 20TICENTURSAGA

A Twodramaticshifts inparadigm 1)from a MathematicalScienceo a PhysicaBcience
2) from a Physicabciencdo an Observationabcience
A Thenturnedinto a EXACT Science: nathod of predictionand
2) falsification(comparingto observation$

Thesetransitionswere allowedby to greatrevolutions
A 1) Space era dedicatedsatellitemissions

A 2) Computer er& allowingmodellingof complexcosmologicaind astrophysical
models.



PRINCIPLABIDCONCEP THBEDN COSMOLOGY

TheCopernicarPrinciple Thereshouldbe no SPECIAlbservers
Homogeneityandisotropy. Extendinghe CopernicarPrincipleto cosmology

Homogeneous Isotropic Homogeneous  [sotropic
Not 1sotropic Not homogeneous Not 1sotropic Not homogeneous
(b)




PRINCIPLABIDCONCEP THBEDN COSMOLOGY

Thecosmologicaprinciple
Derivesirom the CPout it cannot be proved(in amathematicalsensg.

Cosmological Principle

Corollary The laws of physics are universal.
The same physical laws and models that apply
here on the Earth also work in distant stars,
et  Jalaxies, and all parts of the Universe

that no matter where we look in the
Universe (U, or U,) we still see the
same distribution of objects



COSMOLOGICRRINCIPDNESHOMOGENEIBCALEN THEBUNIVERSE

A structure in the early universe at z ~ 1.3 that exceeds
the homogeneity scale of the R-W concordance cosmology
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Clowes R. G., Harris K. A., Raghunathan S., Campusano L. E.,
Soechting I. K., Graham M. J., 2013, MNRAS, 429, 2910

ABSTRACT

A Large Quasar Group (LQG) of particularly large size and high membership has
been identified in the DR7QSO catalogue of the Sloan Digital Sky Survey. It has char-
acteristic size (volume!/3) ~ 500 Mpc (proper size, present epoch), longest dimension
~ 1240 Mpe, membership of 73 quasars, and mean redshift z = 1.27. In terms of both
size and membership it is the most extreme LQG found in the DR7QS0O catalogue for
the redshift range 1.0 < z < 1.8 of our current investigation. Its location on the sky is
~ 8.8° north (~ 615 Mpc projected) of the Clowes & Campusano LQG at the same
redshift, z = 1.28, which is itsell one of the more extreme examples. Their boundaries
approach to within ~ 2° (~ 140 Mpc projected). This new, huge LQG appears to be
the largest structure currently known in the early universe. Its size suggests incom-
patibility with the Yadav et al. scale of homogeneity for the concordance cosmology,
and thus challenges the assumption of the cosmological principle.




(STATISTISGAIOMOGENEIBCALEN THEBUNIVERSE
TheCosmologicdPrincipleshouldbe understoodin astatisticalsense

Seeing patterns in noise: Gigaparsec-scale ‘structures’ that do not
violate homogeneity

Seshadri Nadathur'

Mon.Not.Roy.Astr.Soc.434:398,2013

! Fakultdit fiir Physik, Universitit Bielefeld, Postfach 100131, D-33501 Bielefeld, Germany

ABSTRACT

'Clowes et al. (2013) have recently reported the discovery of a Large Quasar Group (LQG),

dubbed the Huge-LQG, at redshift z ~ 1.3 in the Data Release 7 quasar catalogue of the Sloan
Digital Sky Survey. On the basis of its characteristic size ~ 500 Mpc and longest dimension
> 1 Gpe, it is claimed that this structure is incompatible with large-scale homogeneity and
the cosmological principle. If true, this would represent a serious challenge to the standard
cosmological model. However, the homogeneity scale is an average property which is not
necessarily affected by the discovery of a single large structure. I clarify this point and provide
the first fractal dimension analysis of the DR7 quasar catalogue to demonstrate that it is in fact
homogeneous above scales of at most 130 2~ Mpc, which is much less than the upper limit
for ACDM. In addition, I show that the algorithm used to identify the Huge-1.QG regularly
finds even larger clusters of points, extending over Gpe scales, in explicitly homogenecous
simulations of a Poisson point process with the same density as the quasar catalogue. This
provides a simple null test to be applied to any cluster thus found in a real catalogue, and
suggests that the interpretation of LQGs as ‘structures’ is misleading.

100 200
Comoving radius K [Mpc]

3 TESTING HOMOGENEITY WITH REDSHIFT
CATALOGUES

3.1 Fractal analysis

The simplest test of homogeneity that can be applied to any point
set 1s based on the average of the number of neighbouring poinis
N;(< R) contained within a sphere of radius R centred on the ith
member of the point set, with the requirement that the entire sphere
lies within the distribution of points:

M
1

N(< R) = — Ni(< R) , 1
(<R)=4; Z_; (<R), (1

where M is the number of sphere centres. For a homogeneous dis-

tribution N(< R) « R”, where D is the number of dimensions,

three in this case. The correlation dimension D3(R) is calculated

as the derivative

dIn N(< R)
din R

and quantifies the deviation from this homogeneous scaling.

For any given catalogue of objects that trace the matter density
of the Universe, N (< I?) can be related to the two-point correlation
function £(7) by

D2(R) = (2)

-

N{<R}=ﬁ]0

where p is the mean matter density and b is the bias of the tracer
population. Note that the relationship in eq. (3) requires the as-

(14 6°¢(r)) Awrdr (3)

Seealsa Gongalves, R., et «CAR3 (2021) 029




It Isfair to saythat the homogeneityscaleis around
200/h Mpc

Physica D: Nonlinear Phenomena
Volume 38, Issues 1-3, September 1989, Pages 273-278

The fractal galaxy distribution

P.).E. Peebles

Mon. Not. R. Astron. Soc. 298, 12121222 (1998)

Searching for the scale of homogeneity

1.5 Gpc/h
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PRINCIPLBBIDCONCEP TSEDN COSMOLOGY

Redshiftis proportionalto distance
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EXPANSIODIFTHEBUNIVERSEEMAITRBUBBLEAW

First thedDiscovenyof galaxiedeyondthe Milk Way

ANOTHER UNIVERSE
SEEN BY ASTRONOMER

e |

Dr. Hubble Describes Mass of ’
Celestial Bodies 700,000 Light

Years Away.

!

CHICAGO, Jan. 21 (#.—For years
astronomers have speculated as to
whether various nebulous formations
in the heavens belongs to this universe

'@ “island'’ universes of their




THE STATWH0OBSERVATIONAQSMOLOGY THEL9207?

Seplember, tvry t

1)Thenotion of GALAXYid not exist Are There Other Universes than Ours?

Astounding New Theory Pictures Qurs as a Mere Pinwheel
among Millions of Other World-Groups

2)Greatdebateon the distanceto the nebulae _ |

3)Edwin Hubble usesthe method proposed by
H. Leavitt to know the distance from the
Andromedanebulaeandfinds a valuecloseto 1
million light-years(today we know this distance
Is>2 million light-years.

4) Harlow Shapleyestimatethe sizeof the Milk-
way as 300.000 light-years (today we know it is
100.000light-yeary

Astronomy s Photographic Masterpiece A Spiral Nebula
surd [ . hed B the Mount Wil Obse

e agles
medy gaseves wtaipocls cdew Lo the borders of
te sndverw

Conclusion Andromedais beyond the set of
starswe seein the night sky

V. Flério Pires de Andrade e O. Freire Jdnior,
“Via Lactea: ilha isolada? A Via Lactea e as
nebulosas espirais numa reportagem da
Popular Science, 1922", Cad. Astro., vol. 2, n° 1,
p. 79, fev. 2021.




THH.EMAITRHUBBLEAW

Lemaitre (1927 vs.1931)

Therefore
Sty R,
= = — 1 = — — 1| . : . (22)
¢ oty R,
is the apparent Doppler effect due to the variation of the radius of the
universe. It equals the ratio of the radii of the universe at the instants of
observation and emission, diminished by unity.

v is that velocity of the observer which would produce the same
effect. When the light source is near enough, we have the approximate
formulae

v R,—R,

: - (IR K 3 - R’r
c- R, R _RYTR
where r 18 the distance of the source. We have therefore

R’ v
R e’
From a discussion of available data, we adopt
R’
— = 068 x 10727 ¢cm."?
R
Utilisant les 42 nébuleuses figurant dans les listes de Hubble et de
Stromberg (%), et tenant compte de la vitesse propre du soleil (300 Km.

dans la direction a = 315°, d = 62°), on trouve une distance moyenne d

0,95 millions de parsecs et une vitesse radiale de 600 Km./sec, soit
625 Km./sec a 10 parsecs )
Nous adopterons donc
625 % 10°
10° % 8,08 % 10"

Text translated
by Eddington

Edwin Hubble (left), Georges Lemaitre (right)
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Hubble’'s Law (modern data)
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PRINCIPLBBIDCONCEP TSEDN COSMOLOGY

Lookbackime:
the farther away an object is from the Earth, the longer it takes for Its
light to reach us

Particularly useful to study galaxy evolution: the ability to study the
changes in galaxies with time by observing them at various distanc
means equals different epochs

Galaxies Similar to the Milky Way Hubble Space Telescope ¢ SDSS




PRINCIPLABIDCONCEPTEEDN COSMOLOGY
Cosmidedge

FAQby students Whereisthe border of the universé& What do we find beyondthe border?
Answer The Universe has to contain the properties of everything. Invoking an outside property of the Universe is
logically inconsistent.

Infinite Finite &

& Unbounded Bounded
.—#

Finite &
Unbounded

A corollary to this point is that the Universe must be boundless. This does not necessary mean that the Universe is
infinite, although this is the simplest solution.



PRINCIPLEABIDCONCEPTEEDN COSMOLOGY
Expanding; diluting - universe

Big Bang Cosmology
Matter dilutes as the Universe expands

Steady-State Cosmology:

Matter is constantly created as the Universe expands




PARAMETERIZINBGEEXPANDINGNIVERSE
THESCALEACTOR

dr r1 dR(t)

VT U T Ry dt

http://www.astro.iag.usp.br/~laerte/form_ev_gal/cosmologia.pdf



L4 N g B
-l e /.

MODELLINGHEEXPANDINGNIVERSE R
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Themetric of anexpandingspace R
Jargon FLRWhnetric

2
dr?

do? = }_._.:”d__.\;*'[l,r-’r — W + f‘z{_dﬁ'z + sin” ¢ drjjz}
. _ K2

(CLOSED, OPEN, FLAT)

In practisemoderncosmologistsiseto adobt a FLATetric from the beginning Thisis
supportedby CosmidVicrowaveBackground (CMRB)oservations
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Conservationsassumed =HON)
Equationof state parameter

- , [“da .
ps(a) ocexp 4 —3 —![l + wy(a')]

l

w, =const
0 4 a

—3(1+4+w;)
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Dominant component

matter
radiation
vacuum energy
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100 Years of General Relativity

Tests of general relativity (GR) require strong gravity, massive objects and/or high-precision measurements—conditions we don't
readily find on Earth. Einstein proposed three tests of GR when he first published the theory in 1915: the precession of Mercury'’s
orbir, the bending of starlight near the Sun, and the gravitational redshift of light. These represented just the beginning of a long list
of tests which could be performed to bolster the case for GR. The timeline below shows a sampling of tests which have confirmed
GR’s predictions over the past century, with a preference for astrophysical confirmations. The dates reflect the publication of the
results, not necessarily the date of observation.

and Counting ..

1 9 1 5 Mercury’s orbit

For over two centuries astronomers had
known that the perihelion of Mercury's orbit precesses
faster than predicted by Newronian gravity, bur they did
not have a good explanation for why. The answer fell
out of general relativity, with the accelerated precession

1 975 Flrst bmary pulsar

According to general
relativity, accelerated masses radiate
gravitational waves, which results in the loss
of energy. This means that stars in binary
systems will gradually grow closer over time.

attributed to Mercury’s proximity to the sun.

1 9 20 Deflection of starlight

. d B“l[h :\cl\\'.mnmnr The discovery of pulsar PSR 1913+16 ina
gravity and genenal relativity predice

: : s binary system gave astronomers a unique
that massive objects will deflect

opportunity to test this prediction, since

starlight, but the effect is more pulsars are the most accurate clocks in the

pronounced in GR. In 1919, Arthur
Eddington and Frank Dyson led
separate teams in Principe and Brazil
i 1o photograph stars near the sun
: during a roral eclipse. The results
¢ confirmed the predicrions of GR.

universe. Precise timing of radio pulses from
PSR 1913416 over 18 years provided the first
evidence of gravitational radiation.

1 9 S 9 Gravity’s redshift

One of the central ideas of general relativity is the equivalence principle, which asserts :
that cverything responds to gravity, whether light or macter. Simply stated. all things fall equally in

a gravitational field. Einstcin proposed that this could be measured by observing how light became
redder as it traveled upward, away from a gravitational source. Physicists Robert Pound and Glen Rebka
performed an experiment in a tower at Harvard University that demonstrated just this effect—the first
laboratory test of GR. :

1 96 5 First black hole

General relativity predicts there are some places

where space-time becomes so distorted that not even light escapes.
We call these objects black holes. One of the first X-ray sources

20 1 1 Earth-warped space-time

A basic premise of general
relativity is that all massive objects warp
space-time. The more massive the object,

1 979 Gravity’s lens

General relativity predicts that the stronger the effects. Launched in 2004, o é

massive objects warp space-time, resulting Gravity Probe B was designed o measure how L
in a deflection of light passing nearby. With Earth warps and drags space-time as it rotates. |

‘The satellite took data for about 17 months,

enough mass and the righr alignment, it could
act as a lens and produce multiple images of

but researchers needed about 5 years for a

a more distant object. The discovery of the full analysis. The final results confirm GR’s

“Twin Quasar” or SBS 09574561 provided the
first confirmation of a gravitational lens,

prediction that space-time is twisted around the Earth as it rotates.

Coming soon
Astronomers have already observed gravitational waves i
(GWs) through their effects on binary systems. The

next step to verifying this prediction of general relativity
would be to watch GWs pass through the solar system.
Scientists expect to begin detecting GW signals from
various sources in the coming years.

2016- Ground-based laser measurement

2018

Between 2002 and 2010, scientists at the Laser
Interferometer Gravitational-wave Observatory
monitored precise laser measurements to

attempt detection of passing gravitational waves.
Upgrades to the system, called Advanced LIGO,
are scheduled to be completed in 2016. Scientists
expect it will be capable of secing GWs from
MErging neutron stars.

1 99 6 High-precision navigation

Clocks on satellites circling the Earth

5 will appear to tick just a bit faster to observers on the Timing pulsars H

2017-

ground, according to general relativity, due to the
lower curvature of space-time farther from Earth’s

2020

¢ surface. Satellite-based high-precision navigational

Astronomers have begun using collections of mil-
lisecond pulsars in hopes of finding slight chang-
es in their timing caused by a gravitational wave
passing near Earth. This method is called Pulsar

systems, such as GPS in the U.S., demonstrate the passy X :
Iiming Arrays and, as of 2014, three ongoing

validity of GR every day, since they must account p ok 15
projects anticipate results within the decade.

for the effects of GR and special relativity. GPS was

observed beyond the solar system was Cygnus X-1. Astronomers - i commercialized in 1996 when l’rc\ldcn( Clinton * T
couldn't readily identify an oprical or radio counterpart to the + E d red iere bea i us cvremi B e e ilianand : 5- Observatories in space
source. Within a few years, they observed extremely rapid changes milicary alike. E ) Within a couple of decades, astronomers
in the object’s X-ray signals, indicating a very small dense object. | i s . < § anticipate placing a laser-based GW detector 3
SR : Cope . gt S I [ ——— e AL A e A : i i ascsiad the i e Enropeain; Space :
his made Cygnus X-1 the first candidate black hole. Today, : : FRSE e e :
overwhelming evidence shows that it is, indeed, a genuine black hole. i ‘ .[:.tolv(:d. L}mu lav s Space Antenna—
qoaes will observe GWs from a wide variety of sources,
including merging supermassive black holes in
* .- 1 distant galaxies.
e B A a e n se AN n A B A A o X i A A AR e S
! L ! ! ! ! ! L | ! ! | ! 3 ! | ! | L ! |
I T 1 T T T T 1 T T 1 1 T T 1 T T T T T "B, [E% % 20 R amEs
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& -




2016:GRAVITATIONNAVESANOTHERERIFICATIGN-GRPREDICTIONS
PHYSICAL REVIEW LETTERS

Highlights Recent Accepted Collections Authors Referees Search Press About Staff B

Volume 116, Issue 6

12 February 2016
Download front/backmatter v

On the Cover

-

¢ ® 'e @ go‘ First direct detection of gravitational waves by the LIGO Hanford (Livingston) detectors in red (blue) from the inspiral of two large black

iy

3- . . . : Observation of Gravitational Waves from a Binary Black Hole Merger

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) 4 2017 NOBEL PRIZE IN PHYSICS

Phys. Rev. Lett. 116, 061102 (2016) %

holes. Selected for an Editors’ Suggestion and a Viewpoint in Physics.

From the article:

The Rayal Swedish Academy of has dec

~ Rainer Weiss
Barry C. Barish
Kip S. Thorne

“for decisive contributions to the LIGO detector and the observation of gravitational waves”

@ Nobelprize.org
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Aerial views showing the locations and extents of the LIGO Hanford and LIGO Livingston interferometers.




'1IGO'Ss GRAVITATIONAL-WAVE DETECTIONS

N
GW150914,
DISCOVERED: \
14.09.2015 o g
GW151226,
BILLION
dd 1 =2 TR 26.1 2?821"?
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Masses in the Stellar Graveyard

in Solar Masses

01+02+03a

EM Neutron Stars

LIGO-Virgo Neutron Stars

LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern



TESTINGNOTHERMPORTANGRPREDICTIONHESPEEDFGWS

Gravitation and Astrophysics

Evading the Vainshtein Mechanism with Anomalous El B
Gravitational Wave Speed: Constraints on Modified Gravity
from Binary Pulsars

Jose Beltran Jiménez, Federico Piazza, and Hermano Velten
Phys. Rev. Lett. 116, 061101 (2016) — Published 9 February 2016

Observation of Gravitational Waves from a Binary Black
Hole Merger

B.P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration)
Phys. Rev. Lett. 116, 061102 (2016) — Published 11 February 2016

‘v‘
Ph)/SICS Viewpoint: The First Sounds of Merging Black Holes

Gravitational waves emitted by the merger of two black holes
have been detected, setting the course for a new era of

observational astrophysics.

Show Abstract




J.B. Jimenez, Federico Piaamd HV PRL 2016 _
We haveconstrainedhe speedof

The HulseTaylor pulsar system GWsat the 1%level

PSR B1913

T = orbital period = 7.758
a = semi-major axis = 1.95
=0.6171

e = eccentricity
m, = 1.44My
m, = 1.39M,

Periastron = 0.746 x 10° km
Apastron =3.153%x10°km
Inclination = ﬁ

Generalbinary period decayformula allowingfor a generabpeed
of gravitationalwavesand and generalmatter couplingfor the
radiativesector

—
o
:
et
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LIGO Hanford
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LIGO Livingston

https://www.ligo.caltech.edu/image/ligo20171016e



Grawitational wave lasted ovet 100 seconds

On August 17,2017, 12:41 UTC,
LIGO (US) and Virgo (Europe) detect
gravitational waves from the merger
of two neutron stars, each around

1 5 times the mass of our Sun This s
the first detection of spacetime ripples
from neutron stars

y

FIRST CosmiIC EVENT OBSERVED
IN GRAVITATIONAL WAVES AND LIGHT

Colliding Neutron Stars Mark New Beginning of Discoveries

=

Collision creates light across the

entire electromagnetic spectrum.

Joint observations independently confirm
Einstein's General Theory of Relativity,
help measure the age of the Universe,
e, and provide clues to the origins of
B ™ \heavy elements like gold and platinum

Within two seconds, NASA's

Fermi Gamma-ray Space Telescope
detects a short gamma-ray burst from a
region of the sky overlapping the LIGO/Virgo
position. Optical telescope observations
pinpoint the origin of this signal to NGC 4993,
a galaxy located 130 million light years distant

BLIGO ~wEik. &



Thespeedof GWSsis equalto c!

GW170104

LVT151012

N GW151226

\

GW170817

- GW150914

GW170814 : i LIGO/Virgo/NASA/Leo Singer

(Milky Way image: Axel Mellinger)




BEGINNINGFCOSMOLO@®22
Alexander A. Friedmann:

the Man who Mm'lc/// % )//K( E.\'MI’ o

V.Ya. FRENKEI
and

A.D.CHERNIN

Figure 2. 1913-1914 years. Left-to-right, first |

line: unknown (P. Ehrenfest?), A. Friedmann, G.

Translation of F r i e d mlatternodEkrefest:
I'm sending you a brief note regarding the question about the possible
shape of the universe more general than the cylindrical world of Einstein,
and the spherical world of De Sitter; aside from these two cases there
appears also a world, the space of which possesses a curvature radius
varying with time; it seemed to me that a question of this sort may interest
you or De Sitter. In the near future | will send you a German translation of
this note, if you find the question considered in it interesting, then please
be so kind to have it placed in some journal.

Uber die Kriimmung des Raumes.
Von A. Friedman in Petersburg,

Mit einer Abbildung. (Eingegangen am 29. Juni 1922.)

§ 1. 1. In ibren bekannten Arbeiten iiber allgemeine kosmo-
logische Fragen kommen Einstein?) und de Sitter?) zu zwei mog-
lichen Typen des Weltalls; Einstein erhilt die sogenannte Zylinder-
welt, in der der Ranm 3) konstante, von der Zeit unabhiingige Kriimmung
besitzt, wobel der Kriimmungsradius verbunden ist mit der Gesamt-
masse der im Raume vorhandenen Materie; de Sitter erhilt eine
Kugelwélt, in welcher nicht pur der Raum, sondern auch die Welt
in gewissem Sinne als Welt konstanter Kriimmung angesprochen
werden kann4). Dabei werden wie von Einstein so auch von
de Sitter gewisse Voranssetzungen iiber den Materietensor gemacht,
die der Inkohirenz der Materie und ihrer relativen Ruhe entsprechen,
d. h. die Geschwindigkeit der Materie wird als geniigend klein
vorausgesetzt im Vergleich zu der Grundgeschwindigkeit®) - der
Lichtgeschwindigkeit.

Das Ziel dieser Notiz ist, erstens die Ableitung der Zylinder-

und Kugelwelt (als spezielle Fille) aus einigen allgemeinen Annahmen,

und zweitens der Beweis der Moglichkeit einer Welt, deren Raum-
krimmung konstant ist in bezmg auf ‘drei Koordinaten, die als
Raumkoordinaten gelten, und abbiéngig von der Zeit, d.h. von der
vierten — der Zeitkoordinate; dieser neune Typus ist, was seine
iibrigen Eigenschaften anbetrifft, ein Analogon der Einsteinschen
Zylinderwelt.

Forhistoricaldocumentssee https://www.lorentz.leidenuniv.nl/Friedmann/
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Die Annahmen der ersten Klasse sind die folgenden:
1. Die Gravitationspctentiale geniigen dem HEinsteinschen

Gleichungssystem mit dem kosmologischen Gliede, das man auch gleich
Null setzen darf:

Rix —Ypgix R+ Agix= —2Tix (i, k = 1, 2, 3, 4), (A)

Unsere Aufgabe ist nun die Bestimmung R und ¢ aus den
Gleichungen (A). Es ist klar, daB die Gleichungen (A) mit ver-
schiedenen Indizes nichts liefern; die Gleichungen (A) fir i—=k=1,2,3
geben eine Beziehung: |

R® 2RR'
~— — A =0,
Ft e th o, (@)
die Gleichung (A) mit i =— &k — 4 licfert die Bezichung:
3R"? 3¢ -
— —_— & H
n -+ Iz A xcig, (D)

dfi d*R
' T — i " e e—
R = i, und R" = arl
Da R’ nicht = 0 ist, so gibt die Integration der Gleichung (4),
wenn wir noch ¢ fiir , schreiben, folgende Gleichung:
A
— Z_Rs
A— R4 3 0212

dat) R (6)

¢

1 (dR s
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AGAINST

Bemerkung zu der Arbeit von A. Friedmann?)
. Uber die Kritmmung des Raumes*,

Von A. Elnstein in Berlin.

(Eingegangen am 18. Beptember 1922.)

Die in der zitierten Arbeit enthaltenen Resuliate beziiglich ainer
nichtstationdren Welt schienen mir verdiichtig. In der Tat zeigt sich,
daB jene gegebene Losung mit den Feldgleichungen (4) nicht ver-
triiglich ist. Aus jenen Feldgleichungen folgt niimlich bekanntlich,
dali die Divergenz des Tensors Ty der Materie verschwindet. Im
Falle des durch (C) und (D;) charakterisierten Ansatzes fiihrt dies
auf die Beziehung .
e
Ba

welche znsammen mit (é') die zeitliche Konstanz des Weltradius R
erfordert. Die Bedeutung der Arbeit besteht also gerade darin, dab
sie diese Konstanz beweist.

Berlin, September 1922,

1) 8. £. Phys. 10, 8377—3586, 1922,

Berichtigung
zu der Arbeit
E. Goldstein, {fber Magnetkanalstrahlen und Isclator-Entladungen.

8. 180, Zeile 12 v. u. lies flacher statt flachem

B.184, , 9 w.0 , pgeeigneterem statt geeignetem
& 1Rs oY v oy Fredendeb-rmmman dar sbhoett FPonsamman Fomm tnsasdes

IN FAVOR

Notéz zu der Arbeit von A. Friedmann
suber die Kriimmung des Raumes*.

Von A. Einstein in Berlin.

(Ringegangen am 31, Mai 1923.)

Ich habe in einer fritheren Notiz!) an der genannten Arbeit 2)
Kritik geiibt. Mein Einwand beruhte aber — wie ich mich auf An-
regung des Hermm Krutkoff an Hand eines Briefes von Herrn
Friedmann iiberzengt habe — aunf einem Rechenfehler. Ich halte
Herrn Friecdmanns Resultate fiir richtig und aufklirend. Es zeigt
sich, daB die Feldgleichungen neben den statischen dynamische (d. h.
mit der Zeitkoordinate verinderliche) zentrisch-symmetrische Lisungen
fiir die Raumstruktur zulassen.

1) 78, f. Phys. 11, 326, 1922.
?) Ebenda 10, 377, 1922.
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FOURMPORTANEPOCHWHICFASTROPRHY SICANPROBE

A 1) The current Universe, presumably at an age of about 13.8 billion years;
A 2) The evolution of structure over the past 12 billion years;

A 3) A snapshot of the plasma state of the Universe at an age of about 380,000
years, and,

A 4) Abundances of remaining nuclear reactions taking place within the first

three minutes of the Big Bang. e
eetalksby Rau

2 Abramoand Carlos
Wuensche

Ourtaskisto providea theoretical model able to tie these 4 observed
eras Into a coherent evolution
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Challenges for ACDM : An update

L. Perivolaropoulos!* and F. Skaral'f Year

! Department of Physics, University of loannina, 45110 loannina, Greece
(Dated: May 20, 2021)
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Tension vs Measurement Precision
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In the Realm of the Hubble tension — High Precision Measures of Hy

R . .
a Review of Solutions f CMB with Planck
Balkenhol et al. {2021}, Planck 2018+5PT+ACT : 67.49 = 0.53
Eleonora Di Valentino'*, Olga Mena?, Supriya Pan®, Luca . ghanim &t al. oy, ElEI:IEII 201 2T % H
Visinelli!, Weigiang Yang®, Alessandro Melchiorri®, David F. Aghanim et al. (20 Planck +CME lensing: 67.36 +0.54 0
Mota’, Adam G. Riess®?, Joseph Silk®10:!! CMB without Planck [km s™! Mpc™!]
Dutcher et al. (2021 PT: BB B =15

w et al [2020),
12020], BOSS +eB .
Indirect

K :
Cardana, Ku Pa fo (2016):
Freedman et al. {2012]): 74

L o
)R e s B

Schombert, McGaugh, Lel

Surface Brightness Fluctuations
Blakeslee et al. 21] IR-SBF wf HST: 73.3+ 2.5

Lensing related, mass model — dependent
¥a Birrar, Hu (2 1 Hg :
Millon

W Bl &
Birrer et a
Bonwin et a

Optimistic average
Di Walenting {2021): 72.94 = 0.75




Challenges for ACDM : An update

L. Perivolaropoulos!'* and F. Skaral:T

' Department of Physics, University of loannina, 45110 loannina, Greece
(Dated: May 20, 2021)
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To H, or not to H,? _ :
George Efstathiou It Is, therefore, unlikely that

Monthly Notices of the Royal Astronomical Society, Volume 505, Issue 3, August " 1

2021, Pages 3866-3872, https://doi.org/10.1093/mnras/stab1588 C h an g ego th e | ate tl m e eXp an S I O n
Published: 05June2021 Article history v h IStO ry Can resolve the LIJ I dZG
(X] PDF  WESplitView 66 Cite @ Permissions & Share v l:l é y é )Q\ 2 y Q

ABSTRACT

This paper investigates whether changes to late-time physics can

resolve the ‘Hubble tension’. It is argued that many of the claims in
the literature favouring such solutions are caused by a
misunderstanding of how distance ladder measurements actually
work and, in particular, by the inappropriate use of a distance ladder
Hy prior. A dynamics-free inverse distance ladder shows that
changes to late-time physics are strongly constrained
observationally and cannot resolve the discrepancy between the
SHOES data and the base ACDM cosmology inferred from Planck. We
propose a statistically rigorous scheme to replace the use of H,
priors.
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nature astronomy Letter | Published: 28 January 2019

Cosmological constraints from the Hubble diagram of
quasars at high redshifts

G. Risaliti & & E. Lusso

Distance Modulus
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PREDICTION:

The CWigsfirst predictedby G.Gamow R.Alpher

andR. Herman in 1948 T ~ 5K

PHYSICAL REVIEW VOLUME

Letters to the Editor

UBLICATION of brief reports of important discoveries

in physics may be secured by addressing them lo this
depariment. The closing dale for this department is five weeks
prior lo the date of issue. No proof will be sent to the authors.
The Board of Editors does not hold ilself responsible for the
opinions expressed by the correspondents. Communications
should not exceed 600 words in length.

The Origin of Chemical Elements

R. A, ALrnes*

Applied Physics Laboratory, The Johns Hophkins University,
Silver Spring, Maryland

AND
H. Bemne
Cornell University, lthaca, New York
AND
G. Ganow
The George Washington University, Washington, D. C.
February 18, 1948

S pointed out by one of us,' various nuclear species
must have originated not as the result of an equilib-

rium corresponding to a certain temperature and density,
but rather as a consequence of a continuous building-up
process arrested by a rapid expansion and cooling of the

73, NUMBER 7 APRIL 1, 1948

We may remark at first that the building-up process was
apparently completed when the temperature of the neutron
gas was still rather high, since otherwise the observed
abundances would have been strongly affected by the
resonances in the region of the slow neutrons. According to
Hughes,! the neutron capture cross sections of various
elements (for neutron energies of about 1 Mev) increase
exponentially with atomic number halfway up the periodic
system, remaining approximately constant for heavier
elements,

Using these cross sections, one finds by integrating
Eqs. (1) as shown in Fig. 1 that the relative abundances of
various nuclear species decrease rapidly for the lighter
elements and remain approximately constant for the ele-
ments heavier than silver. In order to fit the calculated
curve with the observed abundances® it is necessary to
assume the integral of p.d¢ during the building-up period is
equal to SX10* g sec./cm?,

On the other hand, according to the relativistic theory of
the expanding universe' the density dependence on time is
given by p=10%/£. Since the integral of this expression
diverges at f =0, it is necessary to assume that the building-
up process began at a certain time fy, satisfying the
relation:

f, (104/0)de25 X 10,

which gives us £,2220 sec. and p=2.5 X 10* g sec./em?. This
res




