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Pour a et B égaux 4 zéro, nous trouvons la solution de de Sitter (*)
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La solution d’Einstein s’obtient en posant B =0 et R constant. Posant
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der an sich nicht beansprucht, ernst genommen zu werden; er dient

nur dazu, das Folgende besser hervortrete
der Poissonschen Gleichung setzen wir oy Aadisgtel

Ap—2Agp = 47 Kp, (2)

wobei A eine universelle Konstante bedeute i
. : : t. Ist p, die (gleichmaB8i
Dichte einer Massenverteilung, so ist e .

I L]
' A Pa (3)

eine Losung der Gleichung (2). Diese Lisung entspriiche dem Falle,

dal die Materie der Fixsterne plei
eichmisi Raum
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A Einstein. Kosmologische Betrashiungenmzuma
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1924-A. Fruuedmann

Uber die Krimmung des Raumes.
Von A. Friedman in
Mit einer Abbildung.

§1. 1. In

Petersborg.
(Eingegangen am 29. Juoi 1922.)
ihren bekannten Arbeiten tber allgemeine

» kosmo-
logische Fragen kommen Einstein?) und de Sitter?) zu zwei mog-
lichen Typen des Weltalls;

instein erbiit die sogenannte Zylinder-

welt, in der der Raum?) konstante, von dor Zeit unabhingige Kruimmung
besitzt, wobei der Kr verbund
masse dor

ist mit der Gesamt-
im Raume vorhandenen Materie; de Sitter erhilt ecine
in welcher nicbt pur der Raum, sondern auch die Welt
in gewissem Sinne als Welt k K

werden kann ¢). Dabei werden wie von Einstein so nurh von
de Sitter gewisse Voraussetzungen fiber den Materietensor gemacht,
die der Inkohlirenz der Materie und ibrer relativen Rube entsprechen,
d. b. die Geschwindigkeit der Materie wird als geniigend klein
vorausgesetzst im Vergleich zu der Grundgeschwindigkeit®)
Lichtgeschwindigkeit.

Kugelwelt,

— der

Das Ziel dieser Notiz ist, erstens die Ableitung der Zylindor-
und Kugelwelt (als spezielle Fille) aus einigen allgemeinen Annahmen,
and zweitens der Bewvis der Moglichkeit einer Welt, deren Raum-
kriimmung konstant in bezug auf drei Koordinaten, die als
Raumkoordinaten gelten, und abbingig von der Zeit, d. h. von der
vierten der Zeitkoordinate; dieser neue Typus ist, was seine
dbrigen Eigenschaften anbetrifft, ein Anpalogon der Einsteinschen
Zylinderwelt.

2

Die Annahmen, die wir unseren Betrachtungen zugrunde legen,
zerfallen in zwei Klassen.

Zu der ersten Klasse gehdren Annahmen,
welche mit den Anpahmen Einsteins und de Sitters zusammen-

') Einstein, K B htung: zur allg i Relativitits-
theoris, Bitzrungsberichte Berl. Akwud. 1917.
%) de Sitter,

On Einstein's theory of gravitation and its astronomical
consequences. Monthly Notices of the R. Astronom. Soc. 1916—1917.

%) Unter _Raum® verstehen wir hier einen Ranm, der durch eine Mannig-
faltigkeit von drel Dimensionen beschrieben wird; der ,Welt" entspricht eine
Mannigfaltigkeit von vier Dimensionen

‘) Klein, Uber die Integralform der Erbaltungssitze und die Theorie der
riumlich Welt. . Nachr. 1918. .

®) Biehe diesen Namen bei Eddington in seinem Buche: Espace, Temps ot
Gravitation, 2 Partie, B, 10. Paris 1921,

A. Prieaman,

richen sich auf die i
ogen, und aaf
tweiten Klasse

deaen die G

den Zustand und dic Bewegang der
A @ber den

motrischen Charakter der Welt; ans unserer Hypothese

\fall die Zylinderwelt Einsteins und auch die Kugel-

-

men der orsten Klasse sind die folgenden:

em Einsteinschen
» mit deln konmnloxiwhnn Gliede, das man auch gleich

'm.Tr+ Agin=— —%Tin (i k =

1, 2, 3, 4), a)

Tix der M x — eine
¥ Ria; Rin ist bestimme durch die Gleichungen

Wo __2igVg [ix) _ @ [-k} g.u fkay

x ?7a {a = \of T \af> @
§=1, 2, 8, 4) die Weltkoordinsten, und {' § e
Symbole sweiter Art?). it

ist inkoblirent und in relativer Ruhe; oder, weniger
die relativen Geschwindigkeiten der Materie sind
im Vergleioh zu der Lichtgeschwindigkeit. In-
en ist der Materietensor durch die Gleichungen

— O far i und k nicht — 4, =
* (©)
0 Gun

dor Materie und ¢ die Grundgeschwindigksit;

di goteilt in drei Raumk

dinaten
koordinate x,.

der zweiten Klasse sind die folgenden:

t der drei Raunmkoordinaten x,, ry, r; baben
anter Kriimmung, die aber abhingen darf
dinate.

Das Intervall?) ds, bestimmt durch
arch Einfilhrung geeigneter Ranmkoordinaten
tht werden:

2z, dx] 4 sin?z, sind x, dx])

29, dzadx, + 2gs  dxydzy + gy dul.

%x uod von K ist be! uns vom dem Gblichen ver-

|\ Bapace, Temps ot Gravitation, 2 Partio. Paris 1921

Friedmann, Alexander (1922). «s

377-386

des Raumes». Zeitschrift fur Physik‘A 10
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-
‘ Y UN UNIVEGRS HOMOGENE DE MASSE CONSTANTE ET DE BAYON CROISSANT,
E

HENDANT COMPT
DE LA VITESSE RADIALE DES NEBUL

Note

SES EXTRA-GALACTIQUES

de M. FAbLE G. LeMAITRE

« d’un univers homogéne
t uniforme, mais on
A SR A

— BTy

UN UNIVERS HOMOGENE DE MASSE CONSTANTE ET DE RAYON CROISSANT,
RENDANT COMPTE
DE LA VITESSE RADIALE DES NEBULKUSES EXTRA-GALACTIQUES

Note de M. 'Abbé G. LeMAITRE

1. GENERALITES.
La théorie dp la relativité tait prevonr Pexistence d’un univers homogéne

- ¢ .
de soleil du 16 juin de la méme annéde : xai Ext Tdv pdv ThAc dpXAC e duwry udtw\ ;0' > P“ l' 25 ll lr\l': dis “n -l ; Plh Ila“; -u(l:n »dl Sle
Apovov AOpatarare SmoaOntey, 8 DONS aVORS JDMSEVE Aves: grands peécision heors ':'":‘" thlm 4 |'I'I'I :or:llalrx |u:|r dro ; t n:‘"on ll‘ ? rite
» du premier contact » [éd. Bile, p. 332]. 1l est inutile d’observer que tout ce qui peut se ' ot : EPOTSES Sot

trajectoires des ‘vhuleu ses sont les tra
énér: nlmn- it pl d odésiques et e ndent a devenmir
¥ lorsqu'on s .um-rurll-- -!c I'horizon -lu renlre, c’est-a-dire de

dire sur Théon, a fatalement un caractére provisoire, tant que le travail d'édition ne sera
pas terminé. Le texte de Pappus est établi; on peut donc aborder les questions qui s'y
rapportent avec quelque chance de les résoudre.

(*) Nous considérons I'espace simplement elliptique, c’est-a-dire sans antipodes

XLV, A B




“ous calculos son
carrectos

pero su fisica es
espantosa”
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1929-E. Hubtle

A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY
AMONG EXTRA-GALACTIC NEBULAE

-

~
-

0¥ PARSECS 2x10® PARSECS
FIGURE 1 :

Hubble, E. P. A relation between dis ' ity among extra-galactic nebulae.
Proc. Natl. Acad. Sci. USA, 15, 168 (192
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Thus hoth masses may diminish a little in the course of time. However,

. these are rather insignificant complications. In what follows we shall
nnﬂf’"'l’;’;".'("é"r..\\ ton, ¥ RS . . gn_nmu:? take _-p. — [j. B t,]l,at pmpﬁr mass ﬂ.'[l.li r'ElB.tl".?H IMAass are t-]:l'l-!-
: same, and both will be conserved to our order of approximation.*
‘ 5. Instability of Einstein's Universe—Betting p = oin (4) we have
i “glla‘n\' rﬁﬂ
- — = oA .

e (A = 4mp)

Prof. A. 5. Badinglo%

For equilibrinm (Einstein's solution) we must accordingly have
p = Algm.  If now there is a slight disturbance so that p < Alym, d%a/di?
15 positive and the universe accordingly expands. The expansion will
decrease the density ; the deficit thus becomes worse, and d%a/d#
increases, Similarly if there is a slight excess of mass a contrac-
tion occurs which continually increases. Hvidently Einstein's world is
unstable.

The initial amall disturbance can happen without supernatural
interference. If we start with a uniformly diffused nebula which (by

medinary orawitational instahilitey eradnalle aondenaers intn salaxies.

pstein's spherical world. Monthly Notices
of the Royal Astronomical SocietyBO0R668267.3%
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1931-6. Lemaitne

£ —
Mar. 1931. Homogeneous Universe of Constant Mass. 483

A Homogeneous Universe of Constant Mass and Increasing Radius
accounting for the Radial Velocity of Eaxtra-galactic Nebule. By
Abbé G. Lemaitre.

(Translated by permission from ‘‘ Annales de la Société scientifique de Bruxelles,”
Tome XLVII, série A, premiére partie.)

1. Introduction.

_According to the theory of relativity, a homogeneous universe may
exist such that all positions in space are completely equivalent ; there
is no centre of gravity. The radius of space R is constant ; space is

allintin 2 6 af imifarm maocitizra enrratama TID2 o cdmatals 1000 i

Lemaitre, A. G. (1931). A homogeneous Univeis St ass,and increasing radius accounting for the radial velocit
of extra-galactic nebulae. Monthly Notices o tQEIROYAIFASEIGNGMICal Society, 91(5), 483-490.




E. Hubble. The realm of th

THE REALM OF THE NEBULZE

Theories of Cosmology.

Current theories of cosmology employ a model knowrr as
the homogeneous, expanding universe of gemeral rela-
tivity or, more briefly, as the expanding universe. It is
derived from the cosmological equation which expresses
a principle of general relativity—that the geometry of
space is determined by the contents of space. The equa-
tion transcends the body of factual knowledge and can
be interpreted and solved only with the aid of assump-
tions concerning the nature of the universe.

The first solutions, by Einstein and de Sitter (1917),
employed the assumptions that the universe is homogene-
ous and isotropie and also that it is statie, i.e., does not
vary systematically with time. These solutions were
special cases of the general problem and have since been
abandoned—Einstein’s, because it did not account for
red-shifts; de Sitter’s, becanse it neglected the existence
of matter. The Einstein universe, it was said, contained
matter and no motion, while the de Sitter universe con-
tained motion and no matter. The general problem was
first discussed by Friedmann (1922). Subsequently, Rob-
ertson (1929) derived the most general formulation (of
the line element) from properties of symmetry alone.®

The solution involved the ‘‘cosmological constant’’ and
the ‘‘radius of curvature of space’” as undetermined
quantities. By arbitrarily assigning different values to
the parameters, various classes of possible universes
were described, and among them, it was supposed, the
type corresponding to the actual universe would be in-
cluded. The problem for the observer was to determine

9 For further information on this great field of theoretical investigation,
the reader is referred to Robertson’s authoritative review of the development
of the subject up to the end of 1932; *‘Relativistic Cosmology,’! Reviews of
Modern Physics, 5, 1, 1933, A complete bibliography of the more :.mportint
contributions, mth short descripti af their contents, is ded, and also
a list of 4 hnical ions of the fleld. Among the latter

is an i y clear from the 1 point of view, by
Robertson himself (‘‘The Expanding Universe,’’ Science, 76, 221, 1832).
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1933-Pasadena

THE NEW YORK TIMES MAGAZINE, FEBRUARY 19, 1933
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LEMAITRE FOLLOWS TWO PATHS TO TRUTH

By DUNCAN AIKMAN
PASADENA,

is no conflict be-
'ween religion and sclence,”
the Abbé Lemaitre has been
telling audiences over and
over again in this country and then
proving it by explaining the aims of
both. His view is interesting and
important not because he is a Cath-
olic priest, not because he is one
of the leading mathematical phys-
jcists of ‘our time, but because he
is both. Here is a man who be-
leves firmly {n the Bible as a reve-
Iation from on high, but who devel-
ops & theory of the universe with-
out the slightest regard for the
teachings of revealed religion on
genests, And there is no confliet!
Such an attitude would have been
preposterous to s Victorian phys-
icist. Either you accept the whole
Book of Genesis and thersfore shut
yourself out of the world of
science, or you accept science and

14

repudinte the prophets as exposi-|

tors of the manner in which the
universe Today the phys-
icist is meeker.
jas there is something that is still
veiled. He is half mystic and ready
to admit that the universe may re-
veal itself in other ways than in
mathematical equations or the
bands and lnes of a spectograph.
The a therefore, follows the
trend of modern thinking and de-
rives from it more than ordinary

because he to

that science and religion supple-
ment each other, Science can
" never study the universe as a
whole, It selects n small portion,
ua much ax it can handle, and then

Bechind his formu- |

The Famous Physicist, Who Is Also a Priest, Tells Why
He Finds No Conflict Between Science and Religion

that there must be authentic re-
ligious dogma in the binomial the-
orem. Nevertheless a lot of other-|think is the universe. Genests is
wise intelligent and well-educated | simply trying to teach us that one
men do on believing or at|day In seven should be devoted to
least acting on such a belief. When rest, worship and reverence -ull
they find the Bible's Y to 9!

“‘And that story about Jonah and

)

that it took perhaps ten thousand
million years to create what we

powers with which they are eredited
in the Bible.

“If scientific knowledge were
necessary to salvation,” he says,
“it would have been revealed to the
wiiters 6f the Scriptures and they
would have set it down in their
verses, For instance, the doctrine
of the Trinity is much more ab-
struse than anything in relativity or

they repudiate it utterly. Should a|the big fish?
“I admit that a whale cannot

priest reject relativity because It

JGuestion of salvation. On other
Iqmlinm they were a5 wise or as
| Ignornnt as their generation, Hence
] it Is utterly unimportant that errors
of historic and sclentific fact should
‘br found in the Bible, especially if
errors relate to events thal were
| not directly observed Jy those who
wrote about them. The idea that
because they were right in their
doctrine of immortality and salva.
tion they must also be right on all
other subjects is simply the fallacy
of people who have an incomplete
understanding of why the Bible was
Fiven to us at all”" ="

Lemaitre  tells of w classroom
scene In which he figured. An old
tather was expounding at the desk
Before him sat the lad who was to
discover the expanding universe
and who, even then, was brimful
of sclence. In his eagerness the lad
read into a passage of Genesis amn
anticipation of modern science.

I pointed it out."” says Lemaitre,
“but the old Father was skeptical
‘If there Is a colncidence,’ he de-
cided, ‘it I8 of no importance, Also
If you should prove to me that it
exivts 1 would consider It unfortu-
nate. It will merely encourage
more thoughtless people to Imagine
that the Bible teaches infallible
science, whereas the most we can
say is that occasionslly one of the
prophets made s correct seientific
ot

HERE is, the abbé admits, &

varylng sense of confiict be-

tween sclence and religion in
the different branches of sclence.
“‘The biologists seem to have pecu-
Yar difficulties,’” he reasons. ‘“There
is every reason for this. They have
only recently discovered a few
guiding lsws and principles. Hence,
in the past their studies have been
confusing rather than enlightening
In & way their subject-matter has
been gross.

“But give the biblogst more lnws
like those of the Abbé Mendel and
A new spirit is bound to awnken.
The sense that this ix & maealh

ecanica Esta

distica 2016
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The quote is translated by van der Laan as: “What,
however, blows up the ball? What makes the universe expand or swell up? That
is done by the Lambda. Another answer cannot be given."

P. Peebles, L. Page, R. Bruc

e Big Bang.2009



“Desde que introduje este término he tenido mala conciencia.
Pero en aquel momentao no pude ver otra manera de contemplar el hecho

de la existencia de una densidad media finita de materia. Me parecia
verdaderamente feo que la ley del

campo de gravitacidn estuviera compuesta de dos términos lagicamente
independientes y enlazados por una suma. Sobre |a justificacian de estas
impresiones acerca de la simplicidad |agica es dificil argumentar. No
puedo evitar sentirlas con fuerzay soy incapaz de creer que sedé enla
naturaleza algo tan feo”

Carta de Einstein a Lemaitr ' 1947. Documento 15-085.1 de Albert
Einstein Archives



“Einstein me comenta

hace muchos afios que
la idea de la repulsian
casmica habia sido el
mayor error de su vida”

G. Gamow

G. Gamow. The Evolutionarmeerican, september 1956



P in recognizing the necessity of blunders.
Chemist Linus Pauling knew it. His for-
mer postdoc, Jack Dunitz, recalls being told:
“Mistakes do no harm in science because
there are lots of smart people out there who
will immediately spot a mistake and correct
it. You can only make a fool of yourself and
that does no harm, except to your pride. Ifit
happens to be a good idea, however, and you
don't publish it, science may suffer a loss”

KNOTTY PROBLEM
Preposterous ideas can lead to important
insights. In 1867, the eminent physicist
William Thomson ( Lord Kelvin) proposed®
that atoms were not point-like but ‘knotted
vortex tubes of the ether’ Ether was the sup-
posed fluid that pervaded space, providing a
medium for electricity and magnetism.
Inspired by work on vortices in fluids by
the nineteenth-century German physicist
Hermann von Helmholtz, Kelvin identified
three characteristics of knotted vortex tubes
that made them attractive models for atoms.
First, vortices in fluids were astonishingly
stable — mirroring to Kelvin the “unalter-
able distinguishing qualities” of atoms — and
each knot could be classed according to its

Livio, M. (2013). Lab life: Do

HISTORY REVISITED

Did Einstein ever say “biggest blunder”?

Almost any history of Albert Einstein's
‘cosmological constant” mentions his
“biggest blunder"— the introduction of
this constant to counteract gravity into
equations characterizing the Universe.

Did Einstein actually say this? After
scrutinizing dozens of docurments while
researching my book Brilliant Blunders
(Simon & Schuster, 2013), | found na
evidence that he did.

The “biggest blunder” phrase seems
to have come from the colourful physicist

and recombine the four ends in various ways,
which can be described using knot theory.

EXTRAORDINARY CLAIMS

Blunders are sometimes hard to correct.
Modern experiments can be so intricate
and require such big investments in time
and funds that replicating them becomes
prohibitive. When a result is widelv assumed

George Gamow in an article published in
the September 1956 issue of Scientific
American, Gamow later repeated the story
in his 1970 autobiography, My World Line.

Einstein was indeed unhappy about
having intraduced the cosmological
constant, saying in a letter to cosmologist
Georges Lemaitre that he was “unable to
believe that such an ugly thing should be
realized in nature”. Calling it the “biggest
blunder” was, in my view, Gamow's
hyperbaole.

impact-driven atmosphere? [ believe it must.
We should make space for risky scientific
proposals in grant and evaluation processes.

Until a decade ago, the committees that
allocated observing time on the Hubble
Space Telescope were encouraged to give
up to 10% of the time to proposals with a
low probability of success but potentially
high return. A similar philosophy could be

. Nature, 497(7449), 309-310.




Homogéneo: todos los puntos
del espacio tienen las mismas

a a . .
propiedades fisicas.

b b
Isétropo: todas las direcciones del
espacio con respecto a un punto

. cualquiera muestran las mismas

d propiedades fisicas y geométricas en

cada instante.

b b

E. Kolb and M. Turner. The &W



o GM .
fRRdt= __[ﬁRdt

a

—=——4+U U =cte
2 R+

ATTR3p(t
M = cte = 3'0( )

para una expansion isotrépica

52 CM (a)z _8mGp(t)  2U

3 r2q?

1ra. ec. de Friedmann

R(t) = a(®)r r = radio comévil

E. Kolb and M. Turner. The &W




tres soluciones:

da . L : : "
U>0- I > (0 siempre distinto de cero, el universo siempre se expandira

da
U<0- i 0 Gmax =+ —UT/GM |3 expansion se detendra y
se convertira en contraccion

\? _ 8mGp(t
) =220 p(e) =

4TTQ r3

E. Kolb and M. Turner. The %W




dQ = dE + pdV  1ra. Ley Termodinamica

_ . B
dQ =0 E=V<e‘+3ae>
E+pV=0

a 4G
0= 3z ET)

i = 43213 =0
V() =5 ria@)?  FTTIGETIEP S

2da. ec. de Friedmann

utilizando 1ra. ec. de Friedmann y ec. de Einstein

V =3V a 8tlG
B a 2ad = 3—C2(éa2 + 2cad)

E(t) =V(@®)e(t) e(t) = p(t)c?

E. Kolb and M. Turner. The %W




si €>0 aceleracion negativa.
p>0 aporta aceleracion negativa.
(universo homogéneo, no hay gradientes de presion)

2U + A p<0 produce aceleracion.
3

3 r2a?
fuerza repulsiva

Aty

A
= —?(84—3}9)4——

3

gravedad
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1ra. ecuacion de Friedmann

2
' 8rGe(t 2U
) _ 8mGe(®)

3c? r2aq?

At

Pl (e +3p) 2da. ecuacion de Friedmann

a(t),e(t),p(t) 2 ecuaciones 3 incdgnitas

ecuacion de estado
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