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Primeval Atom Hypothesis as you see here was a crucial node in

the intellectual network of Lemaître.

I want to answer two questions:

1) From where did this Hypothesis come? 2 sources!

2) What is the nature of the Primeval Atom? An ambiguous

quantum image! 2 interpretations!

The Primeval Atom Hypothesis is connected to three main

subjects of Lemaître’s works:

1) The study of Singularities is one of the major theme of

Lemaître’s work (not only in Cosmology but also in Celestial

Mechanics and…)

2) The study of quantum theory… à la Eddington!

3) The study of Cosmic rays



What is the historical origin of the Primeval Atom Hypothesis (1931-1945-46)?

1931

1945-1946…



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 Lemaître was working on the nature of Cosmic Rays a major subject in all his life! He had

contacts with Auguste Piccard, Millikan, …



« 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 lumière a été l’état originel de la matière et que toute la matière

condensée en étoiles s’est formée par le processus proposé par Millikan ».

(G. Lemaître, «L’hypothèse de Millikan-Cameron dans un univers de rayon variable» in Comptes

rendus du Congrès national des sciences organisé par la fédération belge des sociétés

scientifiques. Bruxelles, 29 Juin-2juillet 1930, Bruxelles, Fédération belge des sociétés

Scientifiques, 1930, p. 180)

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 Lemaître 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…

The question of the origin of matter leads Lemaître to the idea that this origin is (quanta of) radiation

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… 



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) 

4            MATTER  (stars,…)                                      « COSMIC RAYS »

LEMAÎTRE HYPOTHESIS (1930) : in an EXPANDING UNIVERSE

(He kept only the idea that radiation produces matter)

1 « LIGHT » = « INITIAL STATE »

2 FREE PROTONS AND ELECTRONS

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

4              MATTER                                                     « COSMIC RAYS »

« Toute la matière de l’univers »

Quanta of radiationFrom where
come the 
idea of a 
primeval
Quantum?

Lemaître 
studied
Quantum 
physics at 
the MIT 
(1924-25)

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



In 1927 Lemaître had already expressed the idea that Radiation was the primeval state of the Universe…

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 nebulæ.”

G. Lemaître, A Homogeneous Universe of Constant Mass and Increasing Radius accounting for the Radial Velocity of Extra–Galactic Nebulæ

(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 Lemaître’s 1933 study of Inhomogeneous universes (Tolman-Lemaître universe; cfr Krasinski)

“L'univers en expansion” (séance du 3 mai 1933, 1re section), Annales de la Société 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 à se dilater dès que la radiation peut se transformer en matière » (p. 16)

« A complete revision of our cosmogonic hypothesis is necessary…We need a fireworks theory of evolution »

« Une révision complète de nos hypothèses cosmogoniques est nécessaire…Nous avons besoin d’une théorie de l’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. Lemaître, 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 : Supplément, t. CXXVIII, 24 octobre 1931, 

n°3234, pp. 699-722 (communication de G.Lemaître, 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 Lemaître, pp. 605- 610).

“Discussion” (traduction de l'intervention de G.Lemaître) in Discussion sur l'évolution de l'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, Lemaître 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…



Lemaître’s work on Heisenberg relations

G. Lemaître, “L'indétermination de la loi de Coulomb” (séance du 29 janvier 1931, 2e section), Annales de la Société 

Scientifique de Bruxelles, série B : Sciences Physiques et Naturelles, 1re partie : Comptes rendus des Séances, t. LI, 1931, 

pp. 12-16.

G. Lemaître, “The uncertainty of the electromagnetic field of a particle”, The Physical Review, 2e série, t. XLIII, 15 janvier 

1933, n°2, p. 148. 



Cfr C .W . Kilmister, Eddington’s Search for a Fun-

damental Theory, Cambridge University Press, 1994.

His contribution is described at length
by Dirac in his paper on Lemaître’
scientific legacy.

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

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

SO(3,2)=Sp(4,R) 

SO(3,3) = SL(4,R)

Cl(3,2) = R(4)+R(4) = Cleven(3,3)

which contains Spin(3,3)

Majorana Spinor before Majorana (1937)

SO(3,1)

det (T)=

+++ - -

+++ -

+++ - - -

6+9 =15



G. Lemaître and the Eddington Spinor theory 22 avril 1931…

The hope of  describing of the universe using Eddington fundamental theory

Lemaître kep in mind several (strange) aspects of this theory: number of elementary particles…
…and minimal volume of the universe… 

Lemaître corrected the proofs of Eddington’s
« Relativistic theory of protons and electrons » 
(Cambridge, 1936). 

An important text intented to be (but

never) published in the Catholic

Encyclopedia of Japan (before

1940):
The expanding universe : Lemaîtres

unknown manuscript (introduction by O.

Godart and M. Heller), Tucson (Arizona),

Pachart Publishing House, 1985, 50

pages, History of astronomy series, 2.

Lemaître retained his interest in in spinor theory
throughout his life… here: January 1956 



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



« Philosophically, the notion of a

beginning of the present order of Nature

is repugnant to me » (Eddington, March

1931)

12 The Primeval Atom Hypothesis as
a scientific answer to Eddington’s
philosophical reluctance…

In 1930 Eddington has accepted

Lemaître’s expanding universe…

but…

1927 Lemaître seminal paper



« I think that such a beginning of the world is far enough

from the present order of Nature to be not at all

repugnant… » why?...

« If the world has begun with a single quantum, the
notion of space and time would altogether fail to
have any meaning at the beginning »

« A unique quantum »

« An unstable Atom »

« Some remnant… »

Quantum indeterminacy principle: « The whole story 
of the world need not have been written down in the 
first quantum »

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

« Space and time are no more than statistical notions… » 

The strongest motivation leading to Primeval Atom Hypothesis: A Quantum theory answer
to Eddington’s reluctance to give physical meaning to the beginning of the universe

The College in Leuven where Lemaître wrote
his 1931 paper



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

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

One important result…to explain the origin of Cosmis rays The real humility of Lemaître…

Notebook for 
an 
unpublished
book



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…?)

Lemaître 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



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

« The Expanding Universe »Nature 1931

One of the interpretation of the Primeval Atom suggested by 
Lemaître: a state which generates space, time and matter
(whati is its status?): how to conceive the emergence of 
Space-time… The origin of geometry… 

From Logic?
From algebra?
From topology?

How to give meaning to physics
without space-time?



Elie Cartan

In L’étrangeté de l’Univers Lemaître 
emphasizes the role of Spinor
Theory Eddington and Cartan.

In 1960 Lemaître is still
fascinated by spinor theory

Jacques  Tits

Lemaître students
discussed with J. TITS

A fundamental algebraic theory
able was important for Lemaître 



Spherical Universe : S3Usual Sphere: S2

Stereographic projections

Quaternions of unit norm

Q= q0 + q1 i +q2 j +q3 k       i.j = - j.i = k

QQ* = 1 = (q0)2+(q1)2+(q2)2+(q3)2 : S3

Topologies of the
Primeval Atom Universe

Elliptic spaces:

S3 = SU(2) 
Projection:
S3 
→ S3/S1 = S2 

(Hopf fibration, 1931)

Or 

S3/Z2 = SU(2)/Z2 = SO(3)
Projection:
S3 /Z2→ S3/S1x Z2 = S2 /Z2 

real projective plane

Lemaître wondered if this
Topological difference can
be physically relevant?

Hopf fibration 1931
From 1929 Lemaître became interested in topology of the 
universe:  “La grandeur de l'espace” (conférence faite le 31 janvier 1929 à

l'Assemblée générale de la Société scientifique de Bruxelles), Revue des Questions 

Scientifiques, 48e année, t. XCV (4e série, t. XV), 20 mars 1929, pp. 189-216.

At the beginning was topology!



According to Lemaître:

« 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 à 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 Lemaître, 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 l’univers existait sous forme d’un atome unique; 
le rayon de l’univers quoique non strictement nul, était relativement très 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 « L’expansion de l’univers », 1933; 1997 , p.678)

“L'univers en expansion” (séance du 3 mai 1933, 1re section), Annales de la Société

Scientifique de Bruxelles, série A : Sciences Mathématiques, t. LIII, 1933, n°2, pp. 51-85.

“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).

Still a reference to Eddington’s Fundamental Theory

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



Lemaître 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 »! 

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

The quantum nature of this « primeval nucleus »
(Gamow polyneutron hypothesis) and its consequences

explored by Maria Meyer and Edward Teller 
in order to understand nuclosynthesis

Lemaître had contact with
Gamow be he never
studied the results of 
Meyer and Teller!



« When the universe
was an atom and time 
began »

In 1931 Lemaître chose a (spherical S3 /Z2) model with

an initial singularity (and positive value of the 

cosmological constant)

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

“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 : Lemaître was really open to find a way to eliminate inital
singularitiues if any and if possible!

Ilf 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 Lemaître’s work



« It is 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 is a bottom of space-time which terminates every line of space-time. I

do not pretend that such a singularity is 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. »

(Congrès Solvay 1958, La structure et l’évolution de l’univers, Bruxelles, Stoops, 1958, p.7)

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

Lemaître 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!

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

Photographie par G. Coopmans, Institut International de Physique 

Solvay, courtesy AIP Emilio Segre Visual Archives



“Note on de Sitter's universe”, Journal of Mathematics

and Physics, t. IV, mai 1925, n°3, pp. 188-192.

Various studies on singularities fictious or not

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

Avoiding singularities was a constant theme in Lemaître’s carreer…

Which leads to the intuition of
a non-static universe→



All these results are summarizes in a very important 1933 paper:

“L'univers en expansion” (séance du 3 mai 1933, 1re section), Annales de la Société

Scientifique de Bruxelles, série A : Sciences Mathématiques, t. LIII, 1933, n°2, pp.

51-85.

“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 PhD Thesis of Lemaître at the M.I.T. 1925 « The gravitational

field in a fluid sphere of uniform invariant density according to the

theory of Relativity »

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

« The matter has to find, 
though, a way of avoiding the 
vanishing of its volume » (1997, 
p.678)



Lemaître-Tolman inhomogeneous model

Schwarzschild (interior)

Schwarzschild (exteriror)

FLRW

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

𝑓1 𝑡 = 0 ; 𝜌 = 0 de Sitter

𝑓2 𝑡 = 0 ; 𝜅𝜌 = 2𝜆 Einstein𝜕𝑟

𝜕𝑡
= 0 ; 𝑟 = 𝑎𝑠𝑖𝑛𝜒

Cfr J. Eisenstaedt

Eddington 1924; Synge 1950-Fronsdal 1959 (Eddington-
Lemaître coordinates map only the half of space-time) ; Kruskal
1960



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

One of the Lemaître’s 1933 
Lectures in Pasadena

“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).

An answer to Einstein objection: Lemaître is still working on singularities!

« 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…(Lemaître liked it!).

But according to Lemaître: 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 : Lemaître 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

But Lemaître excluded that possibility
due to 3 reasons:

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

« 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… »

« The Expanding Universe, p. 30 »



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

No cosmic rays!

(« The Expanding Universe », p. 48)

The universe today (and its
« fresh » matter) is not 
compatible with the existence of 
a contracting preuniverse



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

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



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

Vannevar Bush computer, MIT

Nature 1931
According to Lemaître: the
disintegration products of the
Primeval Atom give rise to the
elements and to the cosmic rays. He
computed many orbits of such
charged particle using original
numerical methods and computer
(like the Bush machine at the MIT and
his own computer)

Lemaître computer, 1958

How to 
compute
the orbits of 
Cosmic rays 
in the 
magnetic
field of the 
Earth?



The Störmer Problem

Lemaître and M.S. Vallarta

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 Lemaître 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 Lemaître’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 Lemaître’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 Lemaître.

I 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
quantum 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 Lemaître’s works:
1) The study of Singularities is one of the major theme of

Lemaître’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 quantum theory… à 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
generating fruitful concepts…



Georges Lemaître in 

Berkeley: at the Space

Science Laboratory

(NASA Grants!)

Regularization of binary shocks in3-Body Problem:

From 1950 and 1964: Lemaître was still working on SINGULARITIES but in

Classical Mechanics

Private collection:Léo Houziaux


