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- Only a vision of the whole, like that of a saint, a madman,

or a mystic, will permit us to decipher the true organlzmg
prlnC|pIes of themlverse

Karl Schwarzschild



THE CREATION OF THE UNIVERSE

By GEORGE GAMOW

origin of the world we live in, and practically all ancient

religions contain, in some form or other, a story of the cre-
ation of the world by an act of some divine power. With the
development of science, the problem of the origin of the world,
or, to use a broader term, the problem of the origin of the uni-
verse, received a sounder foundation, and we can now approach
it by using the knowledge gained by the generations of geologists
and astronomers who inquired into the nature of the maten
world around us.

IT 1s characteristic for the human mind to speculate about the

The Sewanee Review
Vol. 66, No. 3, The University of the South 1-8988:
The Centennial Symposia (Summer, 1958), pp-42P3




1890:the prevalling view onspiral nebula

AgnesClerke™

AgnesMary Clerke The System of the Statongmans, ¢
Green and Co., Londoh890.

«The question whether nebulae are external galaxies
hardlyany longer needs discussidnhas been answered
by the progress of discovemo competent thinker,
with the whole of the available evidence before him, can now, it |
safe to say, maintain any single nebula to be a star system of
coordinate rank with the Milky Wa practical certainty has beer
attained that the entire contents, stellar and nebular, of the sphel
belong to one mighty aggregation, and stand in ordered mutua
relations within the limits of one aimbracing schemeall-
embracing, that is to say, so far as our capacities of knowledge
extend. With the infinite possibilities beyond, science has no
concern»

—




Instrumentation boom in the early twentieth century

Mt. Wilsonm n jHOoKertelescope(1917)
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|saac Robert; s o T ; T 2
Photograp h e | N> Bl Spectrograp
of M31 KRR~ Sy o e (1014)
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2023 state of the art: ESO Extremdélgirge Telescope




1917:island universes in the spectra destoSlipher

Vesto Slipher had been directed by Percival Lowell to collect spectra of nebulae.
He was well aware of the significance of his observations. The velocities of nebulae
showed up much larger than those of galactic stars. He deduced that these objects
were located outside the Milky Way.

In his article of 1917 on Nebulae (Proceedings of the American Philosophical Society, vol.
56, pp. 403-409), Slipher wrote:

« It has for a long time been suggested that the spiral nebulae are stellar
systems seen at great distances. Thisistheso-c al | ed ni sl and]| u
which regards our stellar system and the Milky Way as a great spiral nebula
which we see from within. This theory, it seems to me, gains favor in the
present observations. »

In a letter sent to Slipher, Enjar Hertzsprung exhibited the same certainty;

« My [cenpratulations to your beautiful discovery of the great
radial velocity of some spiral nebulae. It seems to me, that
with this discovery the great question, if the spirals belong
to the system of the milky way or not, is answered
with great certainty to the end, that they do not. »

https://ned.ipac.caltech.edu/level5/Septl5/Freeman2/Freeman_contents.html



1917:the'escape’ of galaxies ivesto{ f A L3O 3
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Vel

+ 580 km.
“+1100
“+1100
+1000
+ 290
+ 150
+ 900
+ 450
+ 270
+ so00
“+ 650
+ 500

— TABLE L
Ve I OCltl eS O n ave rage m UCh Rap1AL VELociTiES OF TWENTY-FIVE SPIRAL NEBULE.
higher than those of stars B,
. L. N.G.C. 22r — 300 km. N.G.C. 4526
Outof 25spirals,only 4 exhibit o8 i 4504
. .. 1023 300 4649
(modest) negative velocities. 2683 oo o
w | [ o
3379 + 780 5104
3521 + 730 5236
3623 + 800 5866
3627 + 650 7331
4258 + 500

Slipher, V.M, 1917 ,Nebulag Proceedings of the

American Philosophical Socigtyl. 56403.

expansiomn?

As noted before the majority of the nebula here discussed have

positive velocities, and they are located in the region of sky near

right ascension twelve hours which is rich in spiral nebulz. In the

opposite point of the sky some of the spiral nebule have negative

velocities, 1. e., are approaching us; and it is to be expected that

when more are observed there, still others will be found to have

approaching motion.




Excusationon petitaY my\data are correctQ

Slipher, V.M, 1917,TheObservatoryvol. 40,pp. 304306

Radial Velocity Observations of Spiral Nebule.
G ENTLEMEN,—

In the Obhservatory, No. 511, p. 131, Mr. Reynolds has a
letter which I fear might lead the reader to suppose that little

confidence should be placed in the velocity-observations of spiral
nebule such as I initiated in 1912 and have had in progress since
at the Lowell Observatory, and I beg space for a few remarks
upon this work.

Doubtson the nature
of redshift ?

Fritz Zwicky
Tired light theory

| {8 Christian Doppler



April 26, 1920: the Gredbebate

bz 4 X
3
“Aa "1

Harlow Shapley (Mt. Wilso@bs) Heber CurtekQbs)




1917:{ K I LIsuperMiiy Way
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April 26,1920: the GreaDebate
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1923: Edwin Hubbl& the extragalacticnature ofnebulae
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January 1, 1925the WR 2 2 Y 328\

XXXl meeting of the Board:
President: WW. Campbell

American Astronomical Society
Washington, D.C., @ec.1924¢ 1 Jan. 1925  VicePres.. Emest W. Brown 1 000$
VicePres.: Heber D. Curtis

Participants: 77 (8 women; 69 men)
Number of papers presented: 36 Segretary Joel Stebbins

Curtis Moulton Russell Shapley  Miss Payne  Stebbins

'v" T

N an |
‘(‘; P .)L
{3 t

i

-
3 f
- },

‘

A "? o \,""'f V". "Wﬁv
‘w

™
?
|
1
“WNPZINA Y ' A Ay

Miss Cannon .
Joel

Joel Stebbins reads Hubble's workstebbins
4.




Game over ?

« What are galaxie® Nooneknewbefore1900.
Veryfew peopleknewin 1920.
All astronomerknewafter 1924 .»

Allan Sandage,
The Hubble Atlas of Galaxi€sarnegiénstitution of Washington, 1961.

Not at all true !



1923: vama | | Y roeEmotions

Sl it An angular displacement
el oG of 1" in 10 yeas at the
distance 0f0.6 Mpc
corresponds to a speed
equal to that of light!!!

M31 rotation: V. Slipher

M33 propermotionsdetectedby Adrianvan Maanenin 1923.
Arrows indicate the direction of motion of individual stars.



1922:the large distance of M31 deduced dynamically

Ap.J55, 406, 1922

AN ESTIMATE OF THE DISTANCE OF THE
ANDROMEDA NEBULA

By E. OEPIK
ABSTRACT

Andromeda Nebula.—Assuming the centripetal acceleration at a distance r from
the center is equal to the gravitational acceleration due to the mass inside the sphere
of radius 7, an expression is derived for the absolute distance in terms of the linear
speed v, at an angular distance p from the center, the apparent luminosity ¢, and E, the
energy radiated per unit mass. From observations, v, comes out 157 km/sec. for
p=150""; and giving i a value corresponding to magnitude 6.1, and assuming E the

same as for our Galaxy, the distance is computed to be 450,000 parsecs. This result ErnSt J u I Ius Oplk
is in agreement with that obtained by several independent methods. 1If it is correct,

the mass within 150" of the center is about 4.5X 107 times the sun’s mass, and the (189&1983

nebula is a stellar universe comparable with our Galaxy. The ratio of the axes of the

central ellipsoid, whose shape is supposed to be due to rotation, was determined from i

photographs to be about o.79.
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?1922:the large distance of M31 deduced dynamically

To derive the distance it is sufficient to know

1. the observed rotational velocitycorrected for tilt,
out to someangulardistancefrom the center, and

2. the luminositywithin the correspondingsophote

and assume aaluefor the massto-light ratio.

With the data inOpik'spossession, the distance of
M31 was found to bé& = 450kpc (now 779kpc0), so
It is very large and much larger than the radius of

the Milky Way, even using the value overestimatgd
by Shapley. Obs




1926: Hubbleg the classificationof

Ap.J.64, 321, 1926

EXTRA-GALACTIC NEBULAE:
By EDWIN HUBBLE
ABSTRACT

This contribution gives the results of a statistical investigation of 400 extra-
tic nebulae for which Holetschek has determined total visual magnitudes. The list
is complete for the brighter nebulae in the northern sky and is representative to 12.5

mag. or fainter.

The classification employed is based on the forms of the
About 3 per cent are irregular, but the remaining nebulae fall intd
forms terized by rotational symmetry about dominating n
is chnmpoaedth of two sections, the elliptical nebulae and the spiral;
each other.

Luminosity relations—The distribution of mﬁnitudes app

hout the sequence. For each type or stage in the sequence, t
are related to the logarithms of the maximum diameters by the fo

mp=C—3log d,

where C varies progressively from type to type, indicating a v
geswen magnitude or vice versa. By applying corrections to C,

uced to a standard type and then a single formula
nebulae from the M nic Clouds to the faintest that can be
minor diameter is , the value of C is approximately constant
sequence. The coefficient of log d corres with the inwv
suggests that the nebulae are all of the same order of absolute 1
apparent magnitudes are measures of distance. This hypothesis is
results for the nuclear magnitudes and the magnitudes of the brig
ﬂg by the small range in luminosities among nebulae whose di

wi.

. Distances and absolule dimensions—The mean absolute vi
derived from the nebulae whose distances are known, is —15.2.
pression for the distance in parsecs is then

log D=4.04t0.2mp,
where mq is the total apparent magnitude. This leads to mean

dimensions at various stages in the sequence of types. Masses 4
order of 2.6X10* @.

Distribution and density of space—To apparent magnitude
sponding to an exposure of one hour on fast plates with the 6o-inch re
o? nebulae to various limits of total magnitude vary directly with t|
represented by the limits. This indicates an approximately unifor
of the order of one nebula per 107 cubic parsecs or 1.5 10— ij
corresponding radius of curvature of the finite universe of general
order of 2.7X10" or about Goo times the distance at wh
can be detected with the 1oo-inch reflector,

CLASSIFICATION OF NEBULAE

I. Galactic nebulae: <4 Symbol

A PINOCOION. o occ oonnanin svaesanens ve & P

R L D
1. Predominantly luminous. .. ........... DL
2. Predominantly obscure................ DO
3. Conspicuously mixed................. DLO

II. Extra-galactic nebulae: g—

A. Regular:

¥ BIHBHEAL. «ouomian vnpmenes ssens somams En
(n=1, 2, . ..., 7 indicates the ellipticity

of the image without the decimal point)

2. Spirals: Symbol

a) Norxal spIelS. . oo vouins sevamnns & S
—p (I BRI s gmininn sormsmninn wommmamuisiors Sa
(2) Intermediate.................. Sb

e O Sc -
b) Barredspirals..................... SB

) BRI i csien ssn vvispianinsan SBa

(2) Intermediate.................. SBb

(3) Late......................... SBc

B. Irregular............... ..., Irr

N.G.C. 6618
Barnard g2
N.G.C. 7023

N.G.C. 3379 Eo
221 E2

4621 Ejs

2117 E7

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

N.G.C. 2859

3351

7479
N.G.C. 4449

Extra-galactic nebulae too faint to be classified are designated by the

symbol uQ.n




1936: Hubble, Th&ealmof the Nebulae

Time lon
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‘Silliman lectures at Yale Universiaimed at illustrating the presence and providen@ _
wisdom and goodness of God as manifested in the natural and nvoréd. | :



Largescale structure: discovery of galaxy clusters

William HerschelOn the Construction of the Heaveh&385

« That remarkable collection of many hundreds

If nebulaawhich are to be seen in what

calledthe nebulous stratum of Conterenices»

| have

Edwin Hubble TheRealmof theNebulae 1936

Galaxies afgmoderately unifornpland

«no organlzatlon|

[on a larger scale than the large clustgiis known

19331937 Fritz Zwickyand

the Coma Cluster

¢ Fritz Zwicky

two fundamentalpapersabout




1917:9 A YV & aedvihgofy af gravitation

Ny
Ay

A. Einstein 1917,

Kosmologisch8etrachtungerzurallgemeinen
Relativitatstheorie

Sitz Konig PreussAkad 142152

).
'y

Read at the Prussian Academy of Sciences,
February 8, 1917, . .

Cosmologicatonsiderations in the general theary Relativity

in LorentzH.A. Einstein A.,Minkowski H., andWeyl, H., 1923,
ThePrinciple of RelativityA Collectiorof Original Memoirs on

the Special and General TheonyReflativity Metheunand Co.,

New York(reprint: Dover, 1952175-188).

i

Kosmalogische Botrachtu ;
gen zur al
Rebtiviliziont, gemeinen

Von A. Erxsray,

wohl,
bekanat, daf e Posoraehe lhlmnml[h:rh
b,
=4vk;




A beautifulreview article

TheEuropean Physicdburnaj vol. 42 pp. 43X474.
https://arxiv.org/ftp/arxiv/papers/1701/1701.07261.pd!

LR

Einstein's 1917 Static Model of the Universe: A Centennial Review

Cormac O'Raifeartaigh, Michael O'Keeffe, Werner Nahm, Simon Mitton

We present a historical review of Einstein's 1917 paper '‘Cosmological Considerations in the General Theory of Relativity' to mark the
centenary of a key work that set the foundations of modern cosmology. We find that the paper followed as a natural next step after
Einstein's development of the general theory of relativity and that the work offers many insights into his thoughts on relativity,
astronomy and cosmology. Our review includes a description of the observational and theoretical background to the paper; a
paragraph-by-paragraph guided tour of the work; a discussion of Einstein's views of issues such as the relativity of inertia, the
curvature of space and the cosmological constant. Particular attention is paid to little-known aspects of the paper such as Einstein's
failure to test his model against observation, his failure to consider the stability of the model and a mathematical oversight
concerning his interpretation of the role of the cosmological constant. We recall the response of theorists and astronomers to
Einstein's cosmology in the context of the alternate models of the universe proposed by Willem de Sitter, Alexander Friedman and
Georges Lemaitre. Finally, we describe the relevance of the Einstein World in today's 'emergent' cosmologies.



1917:9 A Y & pr&donCEptadg staticity

A letter that Einstein (Feb. 4, 1917) wrote to Paul Ehrenfest indicates
the excited and at the same time uncertain condition of doubt:

« | have also done something wrong again in the theory of gravitation,
which puts me a little in danger of being interned in a madhouse.
Hopefully you do not have one in Leiden, that | can visit you again
without danger. It's a pity that we don't live on Mars and that we can
only observe the evil human behavior with the telescope. »

Deusiveatura |
E. Fermi




RichardBentley

Newton to RichardBentley (First letter, Dec10,1692)

« As to your first Query, it seems to me thahi# matter of our Sun &
Planets &all the matter in the Universenvaseavenlyscattered
throughout all the heavens, & every particle had an innate gravit
towards all the rest & the whole space throughout which this matter
was scatteredwas but finite the matter on the outside of this space
would by its gravity tend towards all the matter on the inside & by
consequence fall down to the middle of the whole space & there
compose one great spherigabss But if the matter wagavenly
diffused through an infinite space, it would never convene into ong
mass but some of it convene into one mass & some into another sc
to make an infinite humber of great masses scattered at great
distances from one another throughout all that infinite spated
thus might the Sun anfixedstars be formed supposing the matter
were of a lucid nature»




RichardBentley

Newton to RichardBentley (First lette

But why the Sunis «lucid»
and the Earthis not?




Gravity in a Newtonianinfinite universe

In aninfinite and homogeneoudNewtonianuniverse
the force ofgravitycannotbe calculated

Butif we movethe

center of the
e concentricspheres

from Pto Q
(arbitrary):
INFIITY?
Due tosymmetry ~ G M A
7 = 9 = CQP
g="0 p2 ¢
on anysphere 4 W
thus evenat the infinity. M = b P



Gravity in a Newtonianinfinite universe

Graduate Texts in Physics

In aninfinite and //,7 erse

the force ofgrav 2 /

Elena Bannikovi——
Massimo Capaccioli

Foundations
of Celestial
Mechanics

Due tosymmet

= (:’QP

g=70 b
on anysphere @ Springer —l?T z
thusevenat the infi ) P



Caditioned vs. absolute convergence

A +L +L
+1 y /_L flz)de =0 — Ih_l)& /_L f(x)dxr =0
-1 +L+ta ‘ _ +L+ta |
| /_ e flx)de =2a — JZ}1_1}1;@ | /_ » f(x)dx = 2a
Conditioned [+~ oo
flzx)dx =k  but / f(x)|dz = o0
convergence J_ —oc
e 3.y I —Tp it is null for an infinitedistribution of
giP) = /Gpd 4 7 — ipl? matter, while
3=/ 1 12 7./ 1
Gpd' 7 ———— =4nGp [ r7dr'— =00
7" — 7p| r




A homogeneous & Isotropic static universi
should be empty

a) Poisson equation:  V2® = 47Gp,

b) Il principle of dynamics: ¢ — — V' ®.

[ SG Q& | & agdzy0S mmjf Kdt =i const. =) p = 0.

static empty
Therefore, if &Newtonian universe (homogeneous and isotropic)
were static, it should haveero mask

A clevemwayoutproposed by Carl Neumann, Hugo \®eeligerand
William Thomson:

D2F- | F =4 @r

\

cosmic constant



Einstein universe hypotheses

Einstein pretends that the universe Is:

Afinite (spherical) cosmological
A static ﬁ constant L >0

Restricted Cosmological Principléhe universe has the same
properties at each point and in any directidhat is, it is spatially
homogeneous and isotropic. This implies that it is maximally
symmetric in spatial sense and that its properties may evolve
with time.

Perfect Cosmological Principléhe spacdime is homogeneous
and isotropic.

Observations Metaphysics

@ <

Isotropy + Copernican Principle = Homogeneity



1917: de Sitter model with zero density ardd> O

Willem de Sitter quickly shows that General Relativity equations
(with cosmologicatonstan) arecompatible with an expanding
universe(empty, with positive constant curvatune

3.0 j 1 j : j ;
— Qp=1, de Sitter ’

>5|| — Qm=0.3,Qr=0.7, ACDM
— Qr=1, empty universe
— Qm =1, Einstein de Sitter

yol| 7 @m=1 Einstein de Sitter | o
— Qm=06,Qr=-5, closed ; 5 3

Scale factor

Willem de Sitter
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Friedmann (19225) models(L = 0)

2

W~
X -
\

AlexandrFriedmannsolvedthe field equations foran %%
(initially) spherical model without cosmological constant,
In which thescale factoRis allowed to vary witlime. 2

8rlG B kc?

3 a?

4G 3p
3 ('” = )

Open Geometry Flat Geometry



Friedmann (19225) models(L = 0) g"\*

critical density(k = 0) AT

/ 3H?

pe = o

— 1.8788 x 10" *°h°kgm > =
— 2.7754 x 10*h* Mg Mpc ™

p  8nGp
pe  3H?

() =



ScaleT | O (p2oN{am@

Average distance between galaxies

Open
Qpm =0.3,Q0,=07 4 universes
Qy =0
L Qy = 0.3
Limit of the ; <
. R 2 ,'QM =1
Frledmann\‘i;
universe o .~ Euclidean
P universe

1137 -10

. Closed
. universe
Ly =6
-5 0 5 10 15 ]

Billions of years from now

riginin (of) time




Einstein's criticism ofFriedmann f

1%
Einsteinreacted toFriedmann'sarticle with a shortiRemarI:“
onthework of A. Friedmann (Friedmann 1922) on the ’/
curvature of space(zeitschriftfur Physik Sept. 1922)

«The work cited contains a result concerning a-s@tionary

world which seems suspect to me. Indeed, those solutions
do not appear compatible with the field equations

Friedmannentrusted the response to his frienduri Krutkov
who happened to visit to Leiden for the farewell lecture of
Lorentz (attended by Einstein t0o0).

Themission wasuccessfulkrutkovwrote to his sister:

« OnMonday, May 7, 1923, | was readirtiggether withEinstein,
Friedmann'article in the Zeitschrifitir Physik»

On Mayl8j« | defeated Einsteim the argumentibout
Friedmann. Petrogradisonoris savedb




Einstein'sretraction A

J'J
"@;b

In May 192Finsteinpublished a brie€orrigendum in the 3
Zeitschriftfiir Physik ’/

« | have in an earlier note (Einstein 1922) criticized
the cited work (Friedmann 1922My objection rested however
as Mr.Krutkoffin personand a letter fromMr. Friedmann
convinced me on acalculationalerror. | am convinced that
Mr. Friedmann'sesults aredoth correct and clarifying.
Theyshow that in additiorio the static solutions to théeld
equations there are time varying solutions watispatially
symmetricstructure »




Yetit movesX &

The promotion of mathematical treatment did not mean
that Einsteingave gohysicalalueto the dynamic solutions. ,’
In fact, in the original manuscript of the rectification sent to

»

i
-
A*A

the Zeitschrift fuUrPhysik the (unpublished) clasp reads:

<...towhich it is hardly possible to gi
a physical meaninig»

-

My s i Noborh geen A Fleatienennn
&%Mfﬁ—wmmv

a f;wf ,23’ 7§22 71.B. 5‘326
2y Zeuli f"' ﬁ ffez 0.8 32

Einstein's drafl of 1923 in which he withdrew his earlier objection to Friedmann’s
dynamic solutions to the field equations. The last bit of the last sentence was: “'a
physical significance ¢an hardly be ascribed to them''. He crossed this out before
sending the note to prini.

https://blogs.futura-sciences.com/éuminet/201%
05/03/rise-big-bangmodels3-friedmannsdynamicalsolutions



Einstein 1917excusationon petita

-

L
J |
«

Einsteinhad closed his seminal 1917 article with these |
words: ’(

«Inany case, this view isgically contradictioffree and from
the point of view of the generaglativity-theory; it is the most
obviousone;whetherit, from the point of view of today's
astronomicaknowledqge, is tenable, shall not beamined
here »

Almosta platonicattitude!!!




Einstein 1917: another (serious) oversighf

Einsteindid not realize (?) that his model of the universe |
highly unstable with respect tperturbations in the density
of matter: aslight increase in density would trigger
Inexorablecontraction, while a slight decrease would cause
uncontrolled expansion.

T =

_I T T T I T 1 1 I T T
i i Einstein’s model |

|
(@)
[

potential energy
|
o
I

I
p—
9]

I

https://www.researchgate.net/publication/221
719830 Einstein%27s_static_universe

scale factor



1930: Einsteiry’ 2 R Ssfalllity LA

Eddington, A., 1930, On thestabilityof 9 A y' & Sphevigaiarld, MNRAS 90, 668E A\ Y L. |

1. Working in conjunction with Mr. G. C. McVittie, I began some Arthur Eddington
months ago to examine whether Einstein’s spherical universe 1s stable. (18821944
Before our investigation was complete we learnt of a paper by Abbé G. )
Lemaitre * which gives a remarkably complete solution of the various QUESTION:
questions connected with the Einstein and de Sitter cosmogonies, _ :
Although not expressly stated, it is at once apparent from his formulw® Isit stable?
that the Einstein world is unstable—an important fact which, T think.
has not hitherto been appreciated in cosmogonical discussions.

Finitude of space depends on a *‘ cosmical constant ™ A, which occurs
in Einstein’s gravitational equations G,, = Ag,, for empty space. On
general philosophical grounds f there can be little doubt that this form ANSWER:
of the equations is correct rather than his earlier form G, = o; but A L Ismathem atically
is 8o small as to be negligible in all but very large scale applications.
Except in so far as a value may be suggested by astronomical survey of foundedbut X @
the extragalactic universe, A is unknown ;

Naturally space will only be of a perfectly spherical form
if the matter (which by Einstein’s equations controls the geometry)
is uniformly distributed. We confine attention to spherical space, so BUT:
that, strictly speaking, we should suppose the universe to be filled with o _
matter of uniform density; but, practically, we need only insist on If the universeis
large scale uniformity, i.c. we suppose that the universe is filled with i -
galaxies which are fairly regularly distributed everywhere. Sph_enca’l uniform, and

If, further, it is postulated that this spherical universe is permanent static, the the solutionis
and unchanging, there is but one umique solution, viz. Einstein's uniquebut X
universe. For equilibrium, space must have a particular radius and
contain a particular amount of mass (determinate in terms of the
cosmieal constant A).




Descento the field of Georged_emaitre (18941966)

Lemaitre lecturing in Leuven.,




1927:] SY I n 0 NROQKS &R RISTE A YV

Lemaitre, G 1927,Ununivershomogenede mass&onstanteet de rayon
croissantrendantcomptede lavitesseradialedesnébuleuses
extragalactiguesAnnalesde laSociétéScientifiquade BruxellesA7, 49.

Produces exact solutions of Einstein's equations assuming

- positivelycurved space (with elliptic topology)
- time-varyingdensity and pressure ohatter &
- nonzero(positive) cosmological constant

In French !

premiére expansion : stagnation : deuxiéme expansion :

1H,



1927:Lemaitreand theprimevalatom

Millikan (eft), Lemaitre(centel) and Einstein(right): Januaryl933
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1927:Lemaitreandthe primevalatom

«Theatom-world was broken into fragmentsach
fragmentinto still smaller pieces [...] The evolution ¢f
the world can be compared to a displafyfireworks
that has just ended: some few red wisps, ashes ang
smoke. Standing on a cooled cinder,sge theslow
fading of the suns, ange try to recall the vanishing
pbrilliance of the origin of thevorlds »

JeanPierreLuminet[ S Y I nBigNB Qa
Bandnttps:// arxiv.org/ftp/arxiv/papers/1503/1503.08304.pdf



1931:Lemaitre's model and
Its connection to quantum physics

G. Lemaitre, 1931, The beginning of the world from the point of view of
guantum theory, Nature 127, 706.

« SIR ARTHUR EDDINGTON states that, philosophically, the not
of a beqginning of the present order of Nature is repugnant to|
him. | would rather be inclined to think that the present state pf
guantum theory suggests a beginning of the world very diffefer
from the present order of Naturdhermodynamicagbrinciples
from the point of view of quantum theory may be stated as
follows: (1) Energy of constant total amount is distributed in
discrete quanta. (2) The number of distinct quanta is ever
Increasing. If we go back in the course of time we must find
fewer and fewer quanta, until we find all the energy of the
universe packed in a few or even in a unique quantum




1931:Lemaitre's model and
Its connection to quantum physics

G. Lemaitre, 1931, The beginning of the world from the point of view of
guantum theory, Nature 127, 706.

continuation

« Now, In atomic processes, the notions of space and time are|nc
more than statistical notions; they fade out when applied to
iIndividual phenomena involving but a small number of quanta.
the world has begun with a single quantum, the notions of spac
and time would altogether fail to have any meaning at the
beginning; they would only begin to have a sensible meanin
when the original quantum had been divided into a sufficient
number of quanta. If this suggestion is correct, the beginning of
the world happened a little before the beginning of space an
time. | think that such a beginning of the world is far enough
from the present order of Nature to be not at all repugnant.




1927: Lemaitre anthe Hubble law

Lemaitre G.,1927,Ununivershomogenede masse&onstanteet de rayon
croissantrendantcomptede lavitesseradialedesnébuleuses
extragalactiguesAnnalesde laSociétéScientifiquade BruxellesA7, 49.

ORIGINAL TEXT in French
« Utilisantles 42 nébuleusex<tra-galactiquedigurant
dans les listes de Hubble et 8#O0mberg et tenant
compte de la vitesse propre du Soleil, on trouve une
distance moyenne de 0,95 millions de parsecs et une
vitesse radiale de 600 km/s, soit 625 km/s adfrsecs.
b2dza | R2 LI SNE £[R0,681D% &nlw QK
(Eq 24).»

! ) 325 y E g '
)n y 625 x 1 —068%10-Tem-'  (2%)

A\~ 4

R~ 7¢ 10°x 3,08 X10™ x 3 x 10"

Hy



1927: Lemaitre and the Hubble law

Lemaitre G.,1927,Ununivershomogenede masse&onstanteet de rayon
croissantrendantcomptede lavitesseradialedesnébuleuses
extragalactiguesAnnalesde laSociétéScientifiquade BruxellesA7, 49.

« Using the 42 extrgalactic nebulae listed by Hubble a
Stromberg and taking into account the Sun's own spe
we find an average distance of 0.95 million parsecs al
a radial velocity of 600 km/s, or 625 km/s at 106
parsecs. We thereforadop{RQ kK w rclE 0,6810-27

Cm'l (Eq 24) » ‘
Hubbleconstant
R » 625 % 10° o ’
) R —I_C. o 10° ¥ 3,08 X 10'* X 3 X .“)l.. — O,hx % 10 cm (“24)

Hy



Lemaitre'smodel.
the mystery of Englishransiation

WhenEddington concerned about theastability of Einstein's
model, learned ofLemaitre's workn 1930, he requested that an
English translation be made for tihvdonthly Notices of the Royal
Astronomical Societ{d 931).

Lemaitrehimself inexplicably replaced

the paragraph on cosmic expansion with M
|

« From adiscussiormf availabledata,
weadoptw Q Kk w "T0?7 emit Eqy 24).»




| emaitre's modelreactions

Eddingtoris reaction

the present order of Nature &

« Philosophicallythe notion of a beginning ¢

pugnant »

f

(Nature127 (193). 450).

9 A y & ie8choyis&ourcalculations are correct, but you s
understanding of physicsa®ominable» (Solveyconf 1927,

that you are goriest »

and, theassumptionof the primevalatom is (California,1932: Iﬂ

« inspiredby the Christian dogma of creation and
unjustifiedat the scientific leve[X @ hisentire deal
resembletoo much the Book of Genesige easily seeg

Butin 1933 at the end of Lemaitre's lecture at the Mount
Wilson Observatory in Californiainsteinstood upand said:

« Thisis the most beautiful and satisfactory explanation

of creationthat | have eveheard »




L emalitre's modelintuitions

Lemaitrekept the point. InEvolution of the expanding univer
published in the Proceedings of the National Academy of
ScienceUSA (1934), he had an early insight intoabemic
microwave backgroundsfossil radiation of thgrimevalatom:

« If all the atoms of the stars were equally distributed through
spacethere would be about one atom per cubic yard, or the
total energywould be that of arequilibrium radiatiomat the

temperature of liguichydrogen »




The (in)onsistencyof cosmological models

with the age of the universe
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1929: Hubble (rajiscoverghe distanceredshift relatio




