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Primeval Atom Hypothesis as you see here was a crucial node in
the intellectual network of Lemaitre.

I want to answer two questions:
1) From where did this Hypothesis come? 2 sources!

2) What 1s the nature of the Primeval Atom? An ambiguous
quantum image! 2 interpretations!

The Primeval Atom Hypothesis is connected to three main
subjects of Lemaitre’s works:

1) The study of Singularities is one of the major theme of
Lemaitre’s work (not only in Cosmology but also in Celestial
Mechanics and...)

2) The study of ... a la Eddington!

3) The study of Cosmic rays
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What is the historical origin of the Primeval Atom Hypothesis (1931-1945-46)?
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1 The unknown source of the Primeval Atom Hypothesis

At the beginning was a quantum of radiation...giving rise to the matter in the expanding universe

Context:

in 1930 Lemaitre was working on the nature of Cosmic Rays a major subject in all his life! He had
contacts with Auguste Piccard, Millikan, ...



The question of the origin of matter leads Lemaitre to the idea that this origin is (quanta of) radiation
Matter is coming out of the radiation, out of « the light »: At the beginning was (quanta of) radiation...
this is the first stimulation leading to the idea of the Primeval Atom...

1930 : One year before stating the Primeval Atom Hypothesis Lemaitre proposed the idea that all the matter in the
universe is coming from radiation... but of course nearly nobody read this marginal text published in French...

« One could admit that the light was the original state of the matter and that all the matter
condensed in stars was formed by the process proposed by Millikan »

« On pourrait admettre que la lumiere a €té I’état originel de la matiere et que toute la matiere
condensée en étoiles s’est formée par le processus proposé par Millikan ».

(G. Lemaitre, «L’hypothese de Millikan-Cameron dans un univers de rayon variable» in Comptes
rendus du Congres national des sciences organisé par la fédération belge des societés
scientifiques. Bruxelles, 29 Juin-2juillet 1930, Bruxelles, Fédération belge des sociétés
Scientifiques, 1930, p. 180)

At the beginning was (quanta of) radiation... but from where is this idea coming? From his interest in
cosmic rays and from his study of a strange idea of Millikan about the nature of Cosmis Rays...



Cfr Helge Kragh,
Matter and Spirit
in the Universe,
Imperial  College
Press, 2004, pp.
88-92

From where
come the
idea of a
primeval
Quantum?

MILLIKAN — CAMERON HYPOTHESIS (1928) :in a STATIC UNIVERSE

(concerning an attempt to characterize the nature of cosmic rays and to avoid the 2d Principle))
1 ELECTROMAGNETIC RAYS ?

2 FREE PROTONS AND ELECTRONS

3 PROTONS BOUNDED IN NUCLEI  (— mass defect = 1 photon)

Il 1l

4 MATTER (stars,...) « COSMIC RAYS »
Lemaitre
studied
LEMAITRE HYPOTHESIS (1930) :in an EXPANDING UNIVERSE Quantum
. . physics at
(He kept only the idea that radiation produces matter) / s
1 « LIGHT » = « INITIAL STATE » (1924-25)

Quanta of radiation
2 FREE PROTONS AND ELECTRONS ?
3 PROTONS BOUNDED IN NUCLEI  (— mass defect = 1 photon)

ugs ugs

4 MATTER « COSMIC RAYS »

« Toute la matiere de l'univers »



In 1927 Lemaitre had already expressed the idea that Radiation was the primeval state of the Universe...
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At the end of his 1927 famous paper: something strange! —

“It remains to find the cause of the expansion of the universe. We have seen that the pressure of
radiation does work during the expansion. This seems to suggest that the expansion has been set
up by the radiation itself. In a static universe, light emitted by matter travels round space, comes
back to its starting point and accumulates indefinitely. It seems that this may be the origin of the
velocity of expansion R'/R which Einstein assumed to be zero and which in our interpretation is
observed as the radial velocity of extragalactic nebule.”

G. Lemaitre, A Homogeneous Universe of Constant Mass and Increasing Radius accounting for the Radial Velocity of Extra—Galactic Nebulae
(translated by J.-P. Luminet)

Radiation - Matter = local pressure change (« stagnation ») = unstability > expansion...

The Unstability of Einstein universe and the effect of pressure change (« L’Univers en expansion », p. 18)
Cfr Lemaitre’s 1933 study of Inhomogeneous universes (Tolman-Lemaitre universe; cfr Krasinski)
“L'univers en expansion” (séance du 3 mai 1933, 1re section), Annales de la Sociéte Scientifique de Bruxelles, 1933, n°2, pp. 51-85.



Later a talk at an important meeting of the British association for the advancement of science : 29 September 1931 sheds some
light on the meaning of this conclusion of the 1927 paper... and of the Primeval Atom...

« A World full of radiation begins to expand as soon as radiation can turn into matter... »
« ...un monde plein de radiation commence a se dilater dés que la radiation peut se transformer en matiere » (p. 16)

« A complete revision of our cosmogonic hypothesis is necessary...We need a fireworks theory of evolution »
« Une revision complete de nos hypotheses cosmogoniques est nécessaire...Nous avons besoin d’une théorie de 1’évolution en
« feu d’artifice » (p. 17)

At the beginning were quanta of radiation .... was a quantum of radiation...and the universe began to expand due to the
radiation-matter transformation process : This is the first root of the Primeval Atom Hypothesis

(today small density of matter => the condensation process is recent => age of the universe several billions of years)

“The evolution of the universe : Contributions to a British association discussion on the evolution of the universe” (communications de J. Jeans, G. Lemaitre, W. de
Sitter, A.Eddington, R.A.Millikan, E.A.Milne, J.C. Smuts, E.W. Barnes et O. Lodge ; discussion tenue le 29 septembre 1931 dans la section des sciences
mathématiques et physiques du colloque du centenaire de la British association for the advancement of science), Nature : Suppléement, t. CXXVIII, 24 octobre 1931,
n°3234, pp. 699-722 (communication de G.Lemaitre, pp. 704-706).

“The evolution of the universe : Discussion”, in British association for the advancement of science : Report of the centenary meeting. London, 1931, september 23-
30, London, Office of the British Association, 1932, pp. 573-610 (talk of Lemaitre, pp. 605- 610).

“Discussion” (traduction de l'intervention de G.Lemaitre) in Discussion sur l'évolution de ['univers (traduction et avant-propos de P.Couderc), Paris, Gauthier-Villars,
1933, pp. 15-22.



2. The same year 1931, just before stating the Primeval Atom Hypothesis, Lemaitre was working on
Quantum theory

1) Heisenberg indeterminacy principle in electromagnetism (29 January 1931)

2) Eddington fundamental theory and Dirac-Eddington equation (22 April 1931)

This lead him to formulate his cosmological ideas about the origin of matter (and of the cosmic rays) using
quantum notions... From radiation to Quanta and to a unique Quantum...



Lemaitre’s work on Heisenberg relations

G. Lemaitre, “L'indétermination de la loi de Coulomb” (séance du 29 janvier 1931, 2e section), Annales de la Sociéte
Scientifique de Bruxelles, série B : Sciences Physiques et Naturelles, 1re partie : Comptes rendus des Séances, t. LI, 1931,

pp. 12-16.
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© Note de M. PABDS G. Levrras
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(*) Die physikalischen Prinzipien der Quantentheorie, page 36 sq.

G. Lemaitre, “The uncertainty of the electromagnetic field of a particle”, The Physical Review, 2e série, t. XLIII, 15 janvier
1933, n°2, p. 148.



One month before the publication in Nature Lemaitre publish a paper on Dirac equation (April 1931)

Extrait des Annales de la Soctété scientifique de Bruxelles, B\EHC 4928 H Y=o

Tome LI, série B, premiére partie, Comples rendus des séances, p. 83,
Session du 22 avril 1931. Deuxiéme Section.

H = LY e X4+ cx‘1-‘+x°t+ e

SUR I INTERPRETATION EDDINGTON DE L’EQUATION DE DIRAC . % +++ -
(5 Yyh m
Note de M. I'Abbé G. LEMAITRE YY" = 28

1. INTRODUCTION. 1 80(3,1 )

L’équation de Dirac et Iinvariance de cette équation pour une trans-
formation orthogonale (iransformation de Lorentz) a donné lieu & une EDDINGTON 4923 :
saite de travanx (') qui ont mis progressivement en valeur la symétrie 2 2 3 o . :B R
profonde de ces équations. ¥a BiAA X thz X 'B,A‘ Y= ‘3354. L fl Y2

L’équation de Dirac peut s’écrire
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al p, et de quatre matrices 1., To, Y5, T, par la relation 80(3,2)=Sp(4,R)
6] H=i1,p, + irp. T 10+ 1,p, + me

LEMAITRE 4334 :

fex matriees 7 doivent véritier fes relations

. Tuly Ty unguv (n, v=1,2, 3, 4
" foty 1T, (n, v b T¢- @41‘1* A+ Af+ B B+ %‘733\}'.-: o FT

0w 5, est ln symbole de Kronecker égal & un oun & zéro suivant gue u est i . . i .
sl & v ou en diflire. : "'*’—'Me) R His contribution is described at length
Dirne a monted que h'zs I'b)l:lli().llf (4)sgnt_véri1‘1ées pour cerl;\ine_s matrices Yo @ = K‘P‘ K= C'f( & PLRSS *" 6+9 =15 by Dirac in his paper on Lematitre’
dont il donne lexpreszion explicite, soit . et que toute solution de ces A — T KT K™ K=z exp (A‘BSO) : o
scientific Iegacy.

relations peat s'oblenir & partir de celte solution particuliére par une

teansiormation canonigue, cest-i-dire par une relalion de la forme _
ser 1~ [ 5©(®) = SL4.R)

ot k et k' sont deux matrices inverses, c.-a-d. telles que

) I 7 CI(3,2) = R(4)+R(4) = Cl,.(3,3)

" P. Liuw;. — Pmcz:b?i.s' L., Y(;: H;: S: gétﬁ) which contains Sp'n(3,3)

T A X Majorana Spinor before Majorana (1937)
» ibid. vol. 122, p. 358:
» ibid. vol. 126, p. $96.

Lemaitre was invited by O. Veblen in 1935 to
Princeton to give lectures on Spinors...

Cfr C \W . Kilmister, Eddington s Search for a Fun-
damental Theory, Cambridge University Press, 1994,



G. Lemaitre and the Eddington Spinor theory 22 avril 1931... Lemaitre retained his interest in in spinor theory
throughout his life... here: January 1956

The hope of describing of the universe using Eddington fundamental theory menvesIE lomaiarast gy
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An important text intented to be (but

never) published in the Catholic
Encyclopedia of Japan (before
1940):

The expanding universe : Lemaitres

unknown manuscript (introduction by O. /
Godart and M. Heller), Tucson (Arizona),

Pachart Publishing House, 1985, 50

. _ Lemaitre corrected the proofs of Eddington’s
pages, History of astronomy series, 2.

« Relativistic theory of protons and electrons »
(Cambridge, 1936).




3 The well-known source of the Primeval Atom Hypothesis:
A reaction to Eddington’s philosophical reluctance to consider

a beginning of the present order of the universe
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a scientific answer to Eddington’s — ——

—— e

philosophical reluctance...

The End of the World: from the Standpoint of Mathematical Physics.*
By Sir Artiiur 8. Eppixerox, F.R.S.

l450 . Supplement to *“ Nature,( March 21, 1931

come to a time when the matter and energy of fhc"]
(Iworld had the maximnm possible organisation. To |
‘go back further is impossible. We have come to!i
an abrupt end of space-time—only we generally;
call it the "beginning " /

I have no ‘ philosophical axe to grind’ in this
discussion. Philosaphically, the notion of a be-
ginning of the prcscnb-or—(lcr of Nature is repugnant
tome. I am simply stating the dilemma to which
our present fundamental conception of physical
Jaw leads us. I see no way round it ; but whether
future developments of science will find an escape
I cannot predict. The dilemma is this :—Surveying
our surroundings, we find them to be far from
a ‘fortuitous concourse of atoms’. The picture
of the world, as drawn in existing physical theorices,
shows arrangement of the individual elements for
which the odds are :nultillions * to 1 against an
origin by chance. Some people would like to call
this non-random feature of the world purpose or
design ; but I will call it non-committally anti-
chance. We arc unwilling to admit in physies that
anti-chance plays any part in the rcactions hetween
the =ystems of billions of atoms and quanta that
we .wdy ; and indeed all our experimental evi-
~dence goes to show that these are governed by the

laws of chance. Accordingly, we sweep anti-chance
. out of the laws of physiecs—out of the diflerential
| equations. Naturaily, therefore, it reappears in
_f the boundary conditions, for it must be got into
i the scheme somewhere. By sweeping it far enongh
| away from the sphere of our current physical prob-
< lems, we fancy we have got rid of it. It is oniy

when some of us arc so misguided as to try to get
back billions of years into the past that we find the
sweepings all piled up like a high wall and forming

a boundary—a beginning of time—which we cannot

climb over.

ARCHIVES A way out of the dilemma has been -proposed
L T GEORqES which secems to have found favour with a nuaber
of scientific workers. I oppose it because I think
it is untenable, not beecause of any desire to re-
+ " the present dilemma. I should like to find a
genuine loophole. But that does not alter my
conviction that the loophole that is at present
being advocated is a blind alley. I must first deal
with a minor criticism.

I have somectimes been taken to tack for not
sufficiently emphasising in my discussion of these-
problems that the results about entropy are a matter
of probability, not of certainty. I said above that
if we observe a system at two instants, the instant

LEMAITRE

1927 Lemaitre seminal paper

* 1 use * multillions " as a general torm for numbers of order 10" or

cnrrcsponduwﬂgreatcr entropy will be the
later. Strictly speaking, I ought to have said that
for a smallish system the chances are, say, 10® to 1,
that it is the lafer.  Some critics seem to have been
shocked at my lax morality in making such a state-
ment, when I was well aware of the 1 in 10%° chance
of its being wrong. Let me make a confession. I
have in the past twenty-five years written a good
many papers and books, broadeasting a large
number of statements about the physical world.
I fear that for not many of these statemeits is the
risk of error so small as 1 in 10, Ixcept in the
domain of pure mathematics, the trustworthiness
of my conclusions is usually to be rated at nearer
10 to 1 than 10% to 1; even that may be unduly
boastful. I do not think it would be for the benefit
of the world that no statement should be allowed
to be made if there were a 1 in 10? chance of its
being untrue ; conversation would Janguish some-
what. The only persons entitled to open their
mouths would presumably be the pure mathe-
maticians.

T'LUCTUATIONS.

The loophole to which I refecred depends on the
occurrence of chance fluctuations. 1f we have a
number of particles moving about at random, they
will in the course of time go through every possible
configuration, so that even the most orderly, the
most non-chance configuration, will occur by chance
if only we wait long enough. When the world has
reached complete disorganisation (thermodynamic
cquilibrium) there is still infinite time ahead of it,
and iis elements will thus have opportunity to take
up every possible configuration again and again.
If we wait long cnough, a number ot atoms will,
just by chance, arrange themselves in systems as
they are at present arranged in this room ; and,
just by chance, the same sound-waves will come
from oue of these systers of atome as are at present
emerging from my lips ; they will strice the ears
of other systems of ato.ns, arranged jusi by chance
to resemble you, and in the same stages of iiention
or scmnolence. This mock Mathematical Associa-
tion meeting must be repeated many times over—
an infinite number of times, in fact—before ¢ ieaches
+. Do not ask me whether I expect you to be-
lieve that this will really happen.f

* Logic is logic. That's all Isay.”

So, after the world has reached thermodynam-
ical equilibrium the entropy remains steady at its

+ I'am hopeful that the doctrine of the “ expanding universe will

In 1930 Eddington has accepted
Lemaitre’s expanding universe...
but...

« Philosophically, the notion of a
beginning of the present order of Nature
1s repugnant to me » (Eddington, March
1931)



- amount is distributed in
| number of distinct gquanta is ever increasing. If we
| go back in the course of t

verse packed in a few or even

- before the begi

|

§ O NATURE, Mar. 21, p. 447, -

The strongest motivation leading to Primeval Atom Hypothesis: A Quantum theory answer

Date

The Beginning of the Worid from the Point of
View of Quantum Theory.
SR ARTHUR EDDINGTON 1 states that, philosophic-

ally, the notion of a beginning of the Pdr'esent order of
rather be in-

- Nature is repugnant to him. I wou

clined to think that the pPresent state of quantum
theory suggests a beginning of the world very different
from the present order of [ature. Thermodynamical
principles from the point of view of quantum theory

may be stated as follows : (1) Energy of constant total
i discrete qguanta. (2) The

ime we must find fewer and

quanta, until we find all the energy of the uni-
in a unigue gquantum.

Now, in atomic processes, the notions of space and

time are no more than statistical notions ; t%ey fade

out when al')aglied to individual phenomena involv-

1 number of quanta. If the world has

ing but a sm
with a single quantum., the notions of space and

begun i
time would altogether fail to have any meaning at the

ewer

- beginning ; they would only begin to have a sensible
2 iori + ) ivicded

Tmeani - o . . ‘
into a sufficient number of q;lxa.nta.. If this suggestion
is correct, the beginning of the world happened a little
i of space and time. I think that

such a beginning of the world is far enough from the
present order of Nature to be not at all repugnant.

It may be difficult to follow up the idea in detail as
we are not yet able to count the quantum packets in
every case. For example, it may be that an atomic
nucleus must be counted as a unique quantum, the
atomic number acting as a kind of quantum number.
If the future development of quantum theory happens
to turn in that direction, we could conceive the begin-
ning of the universe in the form of a, unique atom, the
atomic weight of which is the total mass of the uni-
verse. This highly unstable atom would divide in
smaller and smaller atoms by a kind of super-radio-
active process. . Some remnant of this Pprocess might,
according to Sir James Jeans’s idea, foster the heat of
the stars until our low atomic number atoms allowed

life to be possible. :

Clearly the initial quantum could not conceal in
itself the whole course of evolution ; but, according to
the principle of indeterminacy, that is not necessary.
Our wor is mow understood to be a world where
something really happens ; the whole story of the
world need not have been written down in the first
quantum like a song on the disc of a Phonograph. The
whole matter of the world must have been present at
the -beginxiinﬁ, Jbut. the story it has to te may be
written step by step. % 2R Sk G. LEMaiTr®E. .

40 rue de Namur, X . : ;

- Louvain. . . : '

to Eddington’s reluctance to give physical meaning to the beginning of the universe

« Quantum theory suggests a beginning of the world very
different from the present order of Nature »

« | think that such a beginning of the world is far enough
from the present order of Nature to be not at all

repugnant... » why?...

« Space and time are no more than statistical notions... »
/ .
« If the world has begun with a single quantum, the

A

notion of space and time would altogether fail to
have any meaning at the beginning »

« A unique quantum »

« An unstable Atom »

« Some remnant... » e e
\ Quantum indeterminacy principle: « The whole story
of the world need not have been written down in the

first quantum »




One important result...to explain the origin of Cosmis rays The real humility of Lemaitre...

Notebook for
an

unpublished
book

! 2 (GEORGES

LEMAITRE

« | would have no shame to be obliged to
sometimes abandon or to change my
ideas if | know why... »

« It is the only general theory of cosmogony wich involves as a
conseguence the very significant fact of the cosmic rays »




4 The ambiguity of the Primeval Atom Hypothesis and its first meaning
Is Primeval Atom a physical state inside « space-time-matter » (atom, giant nucleus,...)
or
is it a state out of space-time-matter framework from which space-time-matter is emerging?

(what is its status? What would be a Physics without space-time-matter...?)

Lemaitre is probably the first one (maybe with Eddington) to adress the question of a (mathematical) description of a
Primeval State giving rise to space and time



ACTA

sis _aca One of the interpretation of the Primeval Atom suggested by
i B Lemaitre: a state which generates space, time and matter
(whati is its status?): how to conceive the emergence of

Space-time... The origin of geometry...

L'HYPOTHESE DE L'ATOME PRIMITIF (*

GEORGES LEMAITRE
Acaddmicien Pontifical

40 PONTIFICIA ACADEMIA SCIENTIARVM

la fragmentation initiale; l'instant oi1 naissait l'espace avec un rayon F r‘om LOgiC?

partant de zéro, l'instant ol naissait la multiplicité dans la matiére.
Cette origine nous apparait, dans l'espace temps comme un fond
qui défie notre imagination et notre raison en leur opposant une barriére
qu’elles ne peuvent franchir. L'esp: temp: nouspp parait, semblable F ro m a Ige b ra ?
4 une coupe conique. On progresse vers le futur en suivant les généra-
trices du cone vers le bord extérieur du verre. On fait le tour de espace ?
en parcourant un cercle normalement aux génératrices. Lorsqu’on re- F ro m to po I ogy H
monte par la pensée le cours du temps, on s'approche du fond de la
coupe, on s'approche de cette instant unique, qui n’avait pas d’hier parce
qu’hier, il n’y avait pas d’espace.

Commencement naturel du monde, origine pour laquelle la pensée
ne peut concevoir une pré-existence, puisque c’est l’espace méme qui . . .
commence et que nous ne pouvons rien concevoir sans espace. Le temps H t g t p hy
semble pouvoir &tre prolongé & volonté vers le passé comme vers OW o glve mea n I n O SICS
Pavenir. Mais l'espace peut commencer, et le temps ne peut exister . .
sans espace, on pourrait donc dire, que l’espace étrangle le temps, ot
emp'ec:l: de l'étendre au dela du fond de ’espace-temps. W lt h O ut S pa Ce-tl m e ?

Mais cette origine est aussi le ent de la i
C’est un uvst.ant oi la matiére est un seul atome, un instant out les

iq qui supp la multiplicité ne trouvent pac

d’emploi. On peut se demander si dans ces conditions Ja notior méme
d’espace ne s’'évanouit pas i la limite et n’acquié’e que progressivement
un sens & fur & mesure que la fragmentation s'achéve que les étres
se multiplient.
) D nous plaindre que nos ions les plus femiliaires
s’'évar ouissent lorsqu’elles s'approchent du terme ultime qu’elles-ne
doivent pas dépasser? Je ne le pense pas.

En terminant je ne puis mieux faire gque de rappeler le mot de
Rexg Descartes par lequel je is et qni s’applique sans doute
aussi & l'atome primitif Mundus est fabula.

« The beginning of the world happened a little before the beginning of
space and time » : space and time are statistical notions...

into a sufficient number 'of uanta. If this s estion
is correct, the be; ing ‘ghe wdorld happened a ht:t?lg

' time. I think that
such a beginning of the. world is far enough from tl?e
present order of a.ture to be not at all repugnant. « The Expanding Universe »

T T Nature 1931




In L’étrangeté de I’Univers Lemaitre A fundamental algebraic theory
emphasizes the role of Spinor able was important for Lemaitre
Theory Eddington and Cartan.

Elie Cartan

In 1960 Lemaitre is still

Lemaitre students fascinated by spinor theory

discussed with J. TITS

Jacques Tits



From 1929 Lemaitre became interested in topology of the

universe: “La grandeur de l'espace” (conférence faite le 31 janvier 1929 a

I'Assemblée générale de la Sociéte scientifique de Bruxelles), Revue des Questions
Scientifiques, 48e année, t. XCV (4e série, t. XV), 20 mars 1929, pp. 189-216.

4014

Vol.XII - N. 8
pag. 57680

At the beginning was topology!
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Topologies of the
Primeval Atom Universe

QUATERNIONS ET ESPACE ELLIPTIQUE®™

GEORGES LEMAITRE

Academivice Pontifical

Elliptic spaces:

Svanrarivan, — Auetor qus es adhibet ut, rationem a Kleiu usurpatam
in Erlangeniano programmat; us. praecipuas elliptici spatii proprietates

determinet,

S3 =SU(2)
Projection:
S3>S3/51=82

(Hopf fibration, 1931)

1. - INTRODUCTION

Les quaternions ont été inventés en 1843 par Sir Wiirraxy Rowax
Haareroy. Il est difficile d'imaginer avec quel enthousiasme, mais aussi
avec quelle confusion, cette idée géniale a été développée par son auteur.

Dans une « Introduction to guaternions » publiée 4 Londres

‘Mac Millan 1873} par P. Kerravp et P. G. Tair, le premier des

aunteurs déclare: « The first work of Sir Wm Hawiuron Lectures on

Quaternions (1852, was very dimly and imperfectly undestood by me
Or and I dare say by others». Il ajoute que les Elements of Quaternions
(1863) et méme Vexposé plus clair de son co-auteur P. G. Tarr: dn ele-
mentary Treatise on Quaternions ne peuvent étre considérés comme
élémentaires.

Le livre lui-méme dont ces remarques sont tirées a certainement

S3/2, =SU(2)/Z, = SO(3)
Projection:

$3/2,> S3/S*x 2,=S%/2,
real projective plane

un caractére élémentaire, il exagére méme dans ce sens, en présentant
des démonstrations de théorémes trop connus pour lesquels I'emploi
d'un nouveau type de calcul ne semble pas se justifier.

(1 Nota presentata nella Tornata dell’S fobbraio 1948,

T deta, vol. XII.

Quaternions of unit norm
Q=q0+q1i+q2j+q3k |J='J|=k
QQ*=1-= (q0)2+(q1)2+(q2)2+(q3)2 - §3

Lemaitre wondered if this
Topological difference can
be physically relevant?

L] ) sb
ﬁbration 1931l > ¥
/

Usual Sphere: S2

\ Stereographic projections

Spherical Universe : S3



According to Lemaitre:
« it maybe difficult to follow the idea (of conceiving the beginning of the world before the
beginning of space-time) »

We have thus first to come back to the idea of a unique (physical) atom...

« La cosmogonie est de la physique atomique a grande échelle... » (1931)

« Cosmogony is atomic physics on a large scale »®

(*) “The evolution of the universe : Discussion”, in British association for the advancement of science : Report of the centenary meeting. London, 1931,
september 23-30, London, Office of the British Association, 1932, pp. 573-610 (talk of Lemaitre, pp. 605- 610).



5 The ambiguity of the status of the Primeval Atom and its Second interpretation

The Primeval Atom is a physical reality: a « Colossal Atomic Nucleus »?

Quantum forces stop the contraction (if any) before the singularity:

“The Expanding Universe” (English translation by M.A.H.Mac Callum), General
Relativity and Gravitation, t. 29, 1997, n°5, p. 678.

« A l'origine toute la masse de I'univers existait sous forme d’un atome unique;
le rayon de |'univers quoique non strictement nul, était relativement tres petit.
Tout l'univers résulte de la désintégration de cet atome primitif » 1931



« The matter has to find, though, a way of avoiding the vanishing of its volume » (in « Lexpansion de I'univers », 1933; 1997, p.678)

« Il faut pourtant bien que la matiere trouve un moyen d’éviter
I’évanouissement de son volume » (1933, p. 36)

“The Expanding Universe” (English tragslation by M.A.H.Mac Callum), General Relativity and Gravitation, t.
29, 1997, n°5, pp.641-680 (présentation par A.Krasinski, “Editor’s Note : The Expanding Universe”, General
Relativity and Gravitation, t. 29, 1997, n°5, §p.637-640).

Still a reference to Eddington’s Fundamental Theory

“L'univers en expansion” (séance du 3 mai 1933, 1re section), Annales de la Sociéte
Scientifique de Bruxelles, série A : Sciences Mathématiques, t. LIII, 1933, n°2, pp. 51-85.




Lemaitre had also a completely different idea. You cannot approach singularity due to physical a « Primeval Nucleus »
and thus a physical state (described by Gamov)!
Quantum forces prevent the universe to go to the singularity (Eddington computation!): you reach an enormous physical

. : : . |
atom which is not the Primeval Atom but as Gamov said a « Primeval Nucleus »! e s
UNIVERSE
By Dr. G. GAMOW

Primeval Atom - « initial atom » a « giant nucleus » Physical state

I : iD ; r'/' e
The quantum nature of this « primeval nucleus » L femaifve
(Gamow polyneutron hypothesis) and its consequences
explored by Maria Meyer and Edward Teller

in order to understand nuclosynthesis

jmxz,«"?’xow szmdﬁmf\fj A
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Ca)ng ua &(Q{‘a(l&o '
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Lemaitre had contact with
Gamow be he never
studied the results of
Meyer and Teller!

|' LA CREATION
DE L'UNIVERS

G. GAMOW

.
Bd
i
[ F
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6 But the beginning could also related to r=0. What is the link between singularity in Friedmann-Lemaitre universes and the Primeval
Atom Hypothesis?

; - 11
%1 In 1931 Lemaitre chose a (spherical S*/Z,) model with
J \ an initial singularity (and positive value of the
) ’ cosmological constant)
Ayv / !
o
LA—— T

« When the universe
was an atom and time
began »

“The Expanding Universe” (English translation by M.A.H.Mac Callum),
General Relativity and Gravitation, t. 29, 1997, n°5, p. 679




Some singularities are inescapable : Lemaitre was really open to find a way to eliminate inital
singularitiues if any and if possible!

lif the singularity is inescapable then Primeval Atom Hypothesis gives a quantum interpretation In
terms of natural beginning.

Singularities and the way to escape them are one of the major themes of Lemaitre’s work



Primeval Atom Hypothesis: a quantum way to interpret an inescapable initial singularity

« It 1s an inaccessible ground of space-time. Such a picture finds a natural
geometrical support in the point-singularity which arises in Friedmann’s theory. The
radius of space can start from zero. Such singular event which arises when space has
a zero-volume 1s a bottom of space-time which terminates every line of space-time. |
do not pretend that such a singularity 1s inescapable in Friedman’s theory, but I
simply point out it fits with the quantum outlook as a natural beginning of
multiplicity and of space-time. »

(Congres Solvay 1958, La structure et I'évolution de l'univers, Bruxelles, Stoops, 1958, p.7)

Lemaitre admitted that one could escape singularities

His aim is only to suggest that if it is inescapable it could
corresponds adequately to what he described in his
Primeval Atom Hypothesis as a natural beginning

-natural beginning which is the...
-beginning of the multiplicity which corresponds to an
-inaccessible beginning... because it is out of space-time!

r

Photographie pa

ns, Institu tnational de Physique
1 A ' a. REEE >i' ~~F X » :
p301vay, courtes Akl i on T, .

= 'J»‘ S yvey L L NIRRT

McCrea, Oort, Lemaitre, Gorter, Pauli, Bragg, Oppenheimer, Moller, Shapley, Heckmann :
Klein, Morgan, Hoyle, Kukaskin, Ambarzumian, van de Hulst, Fierz, Sandage, Baade, Schatzman, Wheeler, Bondi, Gold, Zanstra, Rosenfeld, Ledoux, Lovell, Geneniau



Various studies on singularities fictious or not Avoiding singularities was a constant theme in Lemaitre’s carreer...

In Harvard College Observatory (1925):
how to remove the Singularity in de Sitter metric?

ds?= R —¢ T (dyt+dy?*+dzd) +d T?] 4)
We may sum up the above discussion in the following way: |
de Sitter’s coordinates introduced a spurious inhomogeneity of - ' for geodesics parallel to the future, or ,
the field which is not simply the mathematical appearance of A NOTE ON DE SITTER'S UNIVERSE 11 Cdste R — T (dx+-dy*+ ) +dT? _ (5)
center of an origin of codrdinates, but really attributes distinct: By G. LEMAITRE
absolute properties to a center. if parallel in the past direction.
We tried to remove the difficulty by introducing other coord1~ The cquations of the clement of interval of a four-dimen- - This choice of codrdinates is free from the objection of. mmo-
nates and were led to a homogeneous field; but first” the field is sional universe of constant positive curvature have been given ducing a spurious assymmetry in space and time.
not static and secondly, the space has no curvature. The first by de Sitter in the form ,
point may probably be accepted. BEddington writes on this sub- ds?= Re[—dX?—sin?X (d0*+-sin® 0d?)+-cos? Xdr?], 1) ' o
ject: “It is sometimes urged against de Sitter’s WOle that it . 'If we introduce de Sitter's codrdinates, taking as center the
becomes non-statical as soon as any matter is inserted in it.. light-source M, the observer Mo will be at a distance
But this property is perhaps rather in favor of de Sitter’s theory
than against it.”? Our treatment evidences this non-statical : . cpe
character of de Sitter’s world which gives a possible interpretation WhICh Ieads to the Intuition Of we shall have,
* of the mean receding motion of spiral nebulde. a hon-static universe 9 ©
- The second point, on the contrary, seems completely inadmis-

sible. We are led back to the euclidean space and to the impossi-
bility of filling up an infinite space with matter which cannot but
be finite. De Sitter’s solution has to be abandoned, not because
it is non-static, but because it does not give a finite space without

78. Note on de Sitter's umiverse. G. Lemarrre, Massachusetts Institute of
~— e .
Technology (introduced by Paul Heymans).—De Sitter's solution of the relativistic

snfrodiicing an impossible boundsty; cqua(i\-ns‘uf the qr.\l\'it.niun.tl field in the absence of matter introduces a spurious in-
2Bddington. The Mathematical Theory of Relativity, p. 161, Cambridge, lmnmg"ﬂ.(‘u_\' which is not simply the mathematical appearance of center of an origin
23. : : of coordinates, but really attributes distinct absolute properties to a particular point,
A new form of de Sitter's solution is given in order to remove this ditfficulty. New co-

March, 1925. - ' ‘ ordinates are introduced and, with the corresponding separation of space and time, the

field is found homogeneous but non-statical. Furthermore the geometry is euclidean.
The singularity at de Sitter’s horizon disappears. The Doppler effect has the numerical
value given by Silberstein, but no ‘way is found of introducing his double sign without

. . . » . ~ .' res )
“Note on de Sitter's universe”, Journal of Mathematics "Q"(”(""“‘! ”“l z“,’”"’}.”"'*\ ..:’ t}ul fiel «Il ' The result that a homog ;m- r ~l solution of d«;
. . er's world 1s non-statical and euchdezn is rather against the physical significance o
and P AV, m © . 188-192. "
hySlCS’t V, mai 1925,1’1 3’ pp 188-192 de Sitter's universe. However, the non-statical character of this universe has been

advocated as an advantage by Eddington, but euclidean geometry is a very unsatis-
factoey feature of any conception of the whole universe,



In his MIT PhD Thesis: study of the singularity in Schwarzschild
(interior and exterior) metrics

- ; ‘L o ; ‘_w o
: o Tield :ﬁ{—/%spm§,’2f bomiifarfm
2 s:.ty' accaming to the theory o RelativiT:y; ' A

I B S gy ~ ¥ _~'

The problem of determining the ds®which characterises the The PhD Thesis of Lemaitre at the M.L.T. 1925 « The gravitational
 1ield at points ffEZAK within a sphere of wniforn density has field in a fluid sphere of uniform invariant density according to the
been treated by Schwarschild, Nordst®®m and de Donder; theory of Relativity »

THELE/AALHALS . In the brief account that Eddington has

izes i i 1933 paper:
given of these works in his "Mathematical Theory of Rehativity W All these results are summarizes in a very important pap

ne e cxpressed some Sundamental objections agansty the e ' “L'univers en expansion” (séance du 3 mai 1933, 1re section), Annales de la Sociéte
given previously to that probleshnd B suggested another way Scientifique de Bruxelles, série A : Sciences Mathématiques, t. LIII, 1933, n°2, pp.
to deal with it. 51-85.

A, e ; &
The. difficulty is to give the convenint mathematicalex Xpre aion

/ﬂ/ﬁﬁw/ﬂf/tﬁﬂp’;‘,{ﬂ/ to the two conditions of khe problem: 1)’/
I) that the,material is a perfect fluip. and 2) that the density

is uniform thourough the whole sphere.

. The first condition expresses that,when such coordinates
are useditb.at the field is a aﬁalilean one at a given pomt 7

e
the direction of time beinglalong the lines of universe described.
by the ma.tter,the matter is is/ﬂimplc in space; for such coordina.tes
' gt s
the three componant T ’g st be AM/#I/#/;!A’#X/ aqual
and all Rhe other componentd st. va.nish exce t 3This condition
n? T;é«m.o/%

« The matter has to find,
though, a way of avoiding the

5 M‘f“l mm,{,b“, '/ﬁ gl m 14&4
remains invariant 1'01- Tbi tra transformaﬁion of, e \% ishi i I (1997
S mg‘?hnmd ¥ T oorie __p sk TER vanishing of its volume » ’
AL kL T 2% : p678)

5% 'b'xe,'znc' AT P 371' P xl-av i
The second,pomt ia not so eaay to deal wigh.It may be

 rediiced to two cond.itiona I)that when diffeint str%fsj are a.ctet

upon the flaid tt remains incompressible;2)tha itre - re remoed
| the same amount of P s e a.mount 3 “The Expanding Universe” (English translation by M.A.H.Mac Callum), General Relativity and Gravitation, t. 29,

1997, n°5, pp.641-680 (présentation par A.Krasinski, “Editor’s Note : The Expanding Universe”, General Relativity

F. “E}“Egﬁi‘;ss and Gravitation, t. 29, 1997, 1°5, pp.637-640).

© altered every point of matter rem_é.iné at rest and so keeps. Ay MAITRE

Sk L 5 X

volume.The first condition mea.nll. that when the pressure is




MIT PhD Thesis 1925-1926 : Lemaitre is working on two singular situations... which will be published in 1933!

Schwarzschild (interior) CfrJ. Eisenstaedt

f1(t) = 0; p = 0 (de Sitter)
f2(t) = 0; kp = 24 (Einstein)

61‘_0 .
Fri ;T = asiny

Lemaitre-Tolman inhomogeneous model

v

Schwarzschild (exteriror)

Eddington 1924; Synge 1950-Fronsdal 1959 (Eddington-
Lemaitre coordinates map only the half of space-time) ; Kruskal

1960




An answer to Einstein objection: Lemaitre is still working on singularities! One of the Lemaitre’s 1933
Lectures in Pasadena

Lemaitre showed that one cannot avoid singularity using Bianchi 1 metric
(an example of anisoptropy):bye bye « Phoenix Universes »? (Expanding Universe, p. 27).

2y o EINSTON STATIQUE

n ARCHIVES HerALD ExPRESS

GEORGES A= oA- AS33

MBI ) EMAITRE

HYPERGoLiQues  Eveuoiews SPHERIaQves

“The Expanding Universe” (English translation
by M.A.H.Mac Callum), General Relativity and
Gravitation, t. 29, 1997, n°5, pp.641-680
(présentation par A.Krasinski, “Editor’s Note :
The Expanding Universe”, General Relativity
and Gravitation, t. 29, 1997, n°5, pp.637-640).

« The Expanding Universe, p. 27 »




7 Primeval Atom Hypothesis is really a scientific notion: it can be falsified

The existence of a « pre-big Bang » era has to be tested
For example: the theoretical possibility of the Phoenix Universes...(Lemaitre liked it!).

But according to Lemaitre: they do not correspond to observations...

« We must exclude the solutions where the radius is less than the equilibrium radius and in particular the quasi-
periodic solutions. For a purely aesthetic point of view, one may perhaps regret this. Those solutions where
the universe expands and contracts successively while periodically reducing itself to an atomic mass of the
dimensions of the solar system, have an indisputable poetic charm and make one think of the Phoenix of

legend. » (p. 679)

“The Expanding Universe” (English translation by M.A.H.Mac Callum), General Relativity and Gravitation, t. 29, 1997, n°5,
pp.641-680 (présentation par A.Krasinski, “Editor’s Note : The Expanding Universe”, General Relativity and Gravitation, t. 29,
1997, n°5, pp.637-640).



Remark : Lemaitre does not exclude a pre-Big Bang era. He said that esthetically he would have
prefered that case!!!

The initial singularity which cannot be avoided is not necessarily an absolute beginning

« It is not excluded to speculate, that this
expansion has been preceeded by the
reverse motion, an evercontracting universe
which has been burned to ashes and has
rebund in the actual universe... »

\

But Lemaitre excluded that possibility
due to 3 reasons:

« The Expanding Universe, p. 30 »

- 1Thermodynamical reason (S is not so high today)
- 2 Quantum physics reason (forces prevent the collapse)



It is sometimes really possible to go through the singularity but they are objections... Phoenix universes have
observable properties which can be refutable...

(« The Expanding Universe », p. 48)

No cosmic rays!

The universe today (and its

« fresh » matter) is not
compatible with the existence of
a contracting preuniverse



& L%%ETSRE
The crucial test of the
Primeval Atom
Hypothesis is the
existence of Ultra-
High-Energy Cosmis
Rays!

After 1931 Lemaitre explains one of his main motivations...to propose Primeval
Atom Hypothesis... and the necessity to express the ideas in a strong way!




What is remaining of the first moments of the Universe (Ultra-High Energy Cosmic rays): the beautiful mistake!

ToTIoee sstasassol avuiuy as a Kind of quantum number. ‘\\"3}

If the future development of quantum theory happens A

to turn in that direction, we could conceive the begin- x _Qj‘.

ning of the universe in theé form of a unique atom, the E

atomic weight of which is the total mass of the uni- How to

verse. 'This highly unstable atom would divide in combpute

smaller and smaller atoms by a kind of super-radio- P ko

active Process.  Some remnant of this process might, the orbits of ) - -

according to SirJa i 5 ] seriniind— -

t.he stars until our low atomic number atoms allowed Cosmic rays = e

hf(z to be possible. in th T

meee Nature 1931 In the -k St
: Nea. magnetic s o il .

According to  Lemaitre:  the . Ii et Pe ) @2 £ - (Fa- Ax

. . . : leld o e
disintegration products of the =0 - 2% Earth? & e
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Primeval Atom give rise to the b i . e

. > Aer cos3
elements and to the cosmic rays. He 4 o AT e
computed many orbits of such [ ecacn 2T Rewn)
. . oneshie
charged particle using original e L, -
numerical methods and computer il YT A b
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(like the Bush machine at the MIT and o

his own computer)
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Vannevar Bush computer, MIT



The Stormer Problem

On the Allowed Cone of Cosmic Radiation

G. LEMAITRE AND M, S, VALLARTA, University of Louvain and Mussuchusetts Tnstitute of Technology

(Received July 15, 1936)

Further results of an extensive study of trajectories asymptotic to a known family of unstable
periodic orbits in the earth's dipolar magnetic field, carried out by means of Bush's differential
analyzer, are presented in this paper. A detailed discussion is given of our methods of deter-
mining asymptotic trajectories by means of the differential analyzer and by numerical integra-
tion of a whole family at a time; comparison of the results obtained shows the absence of
systematic errors of any consequence in the mechanical integrations and exhibits the precision
attained with the differential analyzer. The families of asymptotic trajectories are then analyzed
systematically in order to determine the main cones for latitudes up to 30°. This leads to the
theory of the azimuthal effiect and a study of the region in the vicinity of the zenith.

N a preceding paper! to which reference should

be made for a complete statement of the
problem treated here and of our methods of
attack, we gave results obtained from the
of some three hundred asymptotic
trajectories to a known family of unstable
periodic orbits found by means of Bush's
differential analyzer® and discussed fully the
sections of the main allowed cones of cosmic
radiation by the meridian plane, which in turn
led us to the theory of the north-south asym-
metry. Those results were presented at the time
with reservations as far as a critical examination
of their precision was concerned. We have now
been able to complete the calculations announced
in our preceding paper, to which we shall return
below, with the result that suspected systematic
errors are so small that they can well be neg-
lected. Certain other points which were then
summarily sketched will now be developed in

. Lemaitre and M. S. Vallarta, Phys. Rev. 49, 719
(19
b’ Bu:h J. Frank. Inst. 212, 447 (1931).

detail ; in particular we shall present here a full
discussion of our method of determination of
asymptotic trajectories by means of the differ-
ential analyzer and a fairly complete determina-
tion of the main allowed cones for geomagnetic
latitudes up to 30°. The last two sections will be
devoted to the analysis of the azimuthal effect
and to a study of the region in the vicinity of
the zenith,

AsymMPTOTIC TRA-
oF Bush's
Dll‘llkl‘\lll\l ANALYZER

1. ThE

DETERMINATION OF

The differential equations of motion to be
integrated are (reference 1, Eqs. (4), (5))

d*x/do*= (1/(2y,)")e**—e*+e7*% cos® \,
d*\/do*=

22 gin A cos A= (sin A/cos® N).

Our problem is to find the solutions of these
differential equations corresponding to tra-
jectories asymptotic to a known family of
unstable periodic orbits.
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The results of an extensive study of trajectories asymp-
totic to a certain family of periodic orbits in the earth’s
magnetic field, carried out by means of Bush's differential
analyzer, are presented in this paper. The theory of the
region of full light, or main cone, is fully discussed. Atten-
tion is then restricted to the section of the main cone in
the plane of the geomagnetic meridian and it is shown

that the north-south asymmetry furnishes the most direct
approach to the analysis of the energy spectrum in a wide
region, independently of the particles’ sign. Further it is
shown that the general shape and the minimum of the
north-south asymmetry discovered by Johnson in the
course of his Mexican experiments are fully accounted for
by the action of the earth's field.

1. INTRODUCTION

RECENT experiments by the method of
multiple coincidences carried out by John-
son® in Mexico (geomagnetic latitude 29°N) and
by Clay? in Java (geomagnetic latitude 18°S)
have shown that in the northern geomagnetic
hemisphere the intensity of cosmic radiation in
the geomagnetic meridian is, for equal zenith
angles, greater from the south than from the
north; conversely in the southern hemisphere it
is greater from the north than from the south.?
That this is a consequence of the action of the
earth’s magnetic field on the motion of charged
particles was pointed out by the present authors
as early as 1932.% Shortly afterwards Bouckaert®
was able to calculate this north-south asymmetry
for geomagnetic latitudes up to 20° and moderate
zenith angles. Considerable difficulties stand in
the way of extending these calculations to higher
latitudes and larger zenith angles. The use of
Bush's differential analyzer,!t which was made
available to us to carry out the investigation
reported here, has made it possible to include in
the present analysis latitudes as high as 40° and,
in most cases, zenith angles as far as the horizon.
Thus with the completion of these researches
the problem of determining the allowed main

* At present Visiting Professor of the C.R.B. Educational

F'oundatmn at the University of Louvain.
T. H. Johnson, Phys. Rev. 47 91 (1935).

’J Clay, Physica 8, 867 (193 5).

* A northern ‘excess in Eritrea (geomag. lat. 11.5°N) at
1 zenith angle of 45°, slightly larger than the rather large
:xperimental error, has been reported by B. Rossi, Ricerca
Scient. 5, 583 (1934),
l;IaG) Lemaitre and M. S. Vallarta, Phys. Rev. 43, 87

¢ L. Bouckaert, Ann. de la Soc. Sci. de Bruxelles, A54,
174 (1934).

cone, or region of full light, for the latitudes
mentioned is essentially solved.

The chief results of our present research are,
first, that the north-south asymmetry, already
discussed in a previous paper,® depends for each
latitude on a narrow band of energy. Therefore,
as further shown in the sequel, the experimental
study of this asymmetry provides a direct
workable method for the analysis of the spectral
distribution of corpuscular cosmic radiation,
independent of the latter's sign. Second, we
show that the minimum of the north-south
asymmetry found by Johnson at a geomagnetic
latitude 29°N and at about 45° zenith angle, as
well as the general features of his experimental
results, are fully accounted for by the action of
the earth’s field. In fact the theory predicts a

slight reversal of the sign of the asymmetry for .

zenith angles between 45° and 55° which depends
on the existence of a very narrow energy band.
This reversal begins at latitudes around 20° for
for zenith angles about 70° and eventually
broadens out so as to include the whole region
between the zenith and 40° at latitudes around
35°. Contrary to our earlier® suggestion it is not
necessary to invoke atmospheric absorption in
order to account for this minimum.

The results we wish to present here must be
considered as preliminary insofar as a critical
examination of their precision is concerned.
There is in fact ground for suspecting that our
method of finding asymptotic trajectories leads
to slightly too large a value for the aperture of

¢ G. Lemaitre, M. S. Vallarta and L. Bouckaert, Phys.
Rev. 47, 434 (1935). Full references bearing on our applica-
tion of Liouville’s theorem to the present problem are
given in the footnote on p. 435.
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The fruitfull
mistake: Van
Allen Belt
theory!



Whatever the status of the primeval atom it can be considered as a fruitful image giving rise to many interesting
Theoretical and observational consequences

The Primeval atom lead for example Lemaitre to propose the idea of the existence of a fossil radition...

What can be the epistemological status of the Primeval Atom Hypothesis?

- Primeval Atom wa never described mathematically : No equations...but full of intuitions...!

- Primeval Atom is a powerfull image belonging to what Philosophers of Science called the context of discovery...
- A kind of regulating idea able to generate theoretical or experimental notions, concepts, ...

What Lemaitre’s story shows is that « generative concepts » and « image » are maybe very important and
necessary in the process of ceating new mathematical concept and new observational test in cosmology...

Primeval atom was a crucial yet ambiguous image (but this is its force!) in Lemaitre’s work, helping him to direct
his thought in a field where nobody knew at that time where to go and how?



Primeval Atom Hypothesis as you see here was a crucial node in
the intellectual network of Lemaitre.

| have tried to answer two questions:
1) From where did it come? 2 sources!
Millikan-Cameron (Cosmic rays) /reaction to Eddington
2) What is the nature of the Primeval Atom? An ambiguous
guantum image! 3 interpetations!
A state from which space-time-matter is emerging
An initial nucleus (//Gamov-Mayer-Teller polyneutron)
A way to give meaning to inescapable r=0.

The Primeval Atom Hypothesis is connected to three main subjects

of Lemaitre’s works:

1) The study of Singularities is one of the major theme of
Lemaitre’s work (not only in cosmology but also in Celestial
Mechanics and...) : Primeval Atom Hypothesis gives meaning to
an initial inescapable singularity (natural beginning)

2) The study of ... a la Eddington! Algebra gives a

way to describe the state from wich space-time physics is emerging

3) The study of Cosmic rays : a consequence of the Primeval Atom
Hypothesis

This lead us maybe to reflect on the role of « images » in
ogenerating fruitful concepts...
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Regularization of binary shocks in3-Body Problem:
Space Sciences lL.aboratory

From 1950 and 1964: Lemaitre was still working on SINGULARITIES but in University of California
Classical Mechanics Berkeiey 4, California

Extrait du Bulletin de I'’Académic royale de Belaiquc (Classe des Sciences)

Séance du 7 juin 1952
- o THE THREE BODY PROBLEM
Georges Lemaitre in o

Berkeley: at the Space Prof. C.G. Lemaitre
MECANIQUE CELESTE SC[ence Laboratory Technical Report on
Coordonnées symétriques dans le probléme (NASA GrantS|) NsG 243-62 and NsG 122-61

des trois corps,

par G. LEMAITRE. Series 4
AMembre de la classe. IS sue 49
Resume. - — Le probléeme des trois corps daus e cas plan et pour
des masses ¢gales est Squivalent au mouvement Jdun point sous This work was jointly supported by NASA Grants
laction d'une fonction «es forces ot dun patentiel vecteur.
! NsG 243-62 and NsG 122-61.

On montre comment «dans lo cas géndral Dasvmetrie introduite

par 'megadité ddes masses moditic Phamiltonion.
August 20, 1963

I, — PROBLEME PLAN A MASSES EGALES,

Considérons tout d’abord le cas particulier du probleme des
trois corps oit les masses sont égales et ol les vitesses Initiales
sont telles que les trois corps restent dans un méme plan.

Au lieu des trols distances 7, (7 == 1, 2, 31, introduisons trois
coordonnées r, o et x de telle fagon que les coordonnées carté-
siennes des trois corps par rapport a des axes rectangulaires
convenables solent

i3 / 251
X, =7 \ Zcosocos (X - ?)
(1) ) '
[ . 2t
v, :V\ Zsin o sin (X+T)
! 3 3,

Ceci est possible, car de (1) on déduit aisément les distances
mutuelles des corps et on trouve

. - . (. Imi
(2) rie=r \ 1 — cos 20 cos (2)( — —))
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