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(Some historians)   Active scientists should not write history books

S Weinberg (d. 23 Jul 21): “To Explain the World: the Discovery 
of Modern Science”, Harper and Collins, 2015 (transl. Taurus)

Much critizied by historians for calling Plato “silly”, Aristotle
“tedious” and “wrong”, and Galileo “behind the times”
“Whig” version of history:  look at past with present eyes only

--- a continuous progress --- the history of the winners

Scope:  Weinberg as reference & contrast

Emili Elizalde Divulcat:
enciclopedia.cat/divulcat/emili-elizalde

Gravitation and Cosmology, The First Three Minutes, Dreams of a Final Theory, The Quantum Theory of Fields (3 vol), …
“mythic status”, “one of the greatest”, “profound influence” 
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“I will be coming close to the dangerous ground that is most carefully avoided 
by contemporary historians, of judging the past by the standards of the 
present. […] Some historians of science make a shibboleth of not referring to 
present scientific knowledge in studying the science of the past. I will instead 
make a point of using present knowledge to clarify past science”  S Weinberg ‘15

Difficult to take an equilibrated position and attitude

In my book I use  “gedanken Zeitrückreise” or “mental time travel back”
To place myself in the conditions of the past, but still not forgetting …

Luck &  Chance

A “gedanken Zeitrückreise” 
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 My book is a short story of some aspects of Modern Cosmology 
 I place its origin in the year 1912
 This coincides with the moment when acquired the necessary tools to become a true science
 What fully occurred when it was able to use the physical theories emerged from the great revolutions in 

the first third of the 20th century
 They allowed scholars to describe, with accurate models, the origin, structure, evolution and behavior of 

the Universe as a whole 
 Taken to the extremes —even though these theories are not valid there— they allow to get a plausible

idea on how and when the origin of the Cosmos took place and about its future
 In the 1st chapter, the question of the awakening of cosmic consciousness in human beings is discussed
 This issue lies beyond the scope of the book, but in the 1st chapter a brief account of it is given
 Also, the origins and the evolution of cosmology during the past centuries are briefly discussed
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1 Introduction: The Awakening of Cosmic Consciousness 

1.1 The First Conscious Knowledge Was of a Geometric

Nature … 5

1.2 The Oldest Proofs of Art and Mathematical Reasoning … 9

1.3 First Scientific Concepts and Models of the Cosmos … 11
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Above us, only sky …
You may say I'm a dreamer …

John Lennon & Yoko Ono
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1. The capabilities of hominids evolved much more gradually than thought in the 1970s, when 
it was believed that there was a sudden and very dramatic genetic change 50,000 years 
ago, which resulted in humans being able to think and communicate

2. Neanderthals and their common ancestors probably communicated orally with those of 
Homo sapiens, albeit in some rudimentary way. This would bring the origin of the first oral 
expressions to over two million years ago

3. And, quite probably, the first documented mental capacity, acquired perhaps as early as 
800,000 years ago, was geometry. Incipient, if you like, just simple stripes on stones and 
shells, but with clear recurring patterns, found in various places, far removed from one 
another, over at least 73,000 years

4. And this was still several tens of millennia before graphic symbols were used to encode 
sounds, names, and languages
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Image of the Blombos Cave silcrete flake L13 
displaying the lines that form a cross-hatched 
pattern, 73,000 years old.



Name or Title or Xtra

Institute of 
Space Sciences

2 What Is a Scientific Theory? 

2.1 A Little History … 22

2.2 Galileo, Newton, Leibniz ... 26

2.3 Illustrative Examples … 28
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 In a scientific theory, we distinguish two parts (pillars or legs), both equally important and necessary 

 On the one hand, results from the laboratory or direct observation of nature 

 On the other, the theoretical model or fundamental law providing the explanation of the results 

 No matter how elegant a model or a theory is, if it does not correspond to observations of nature or 
laboratory results, this law or model will not have the slightest value as a scientific theory 

 On the other hand, a collection of experimental results or observations, no matter how accurate, careful, 
and exhaustive, will not be a scientific theory if we do not find the law or model they obey 

 As an example, as a theoretical model, supersymmetry could not be brighter, more attractive, and well 
elaborated; but to date there are still no experimental results to confirm it

 Numerous astronomical missions have collected a fabulous amount of data, improving day by day, on the 
existence, distribution, and evolution of dark matter in the cosmos. However, no theoretical model can 
irrefutably explain all these data 

 In both cases, we do not have a corresponding scientific theory, … yet 
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3 The First Cosmological Revolution of the 20th Century 
3.1 What Was the Universe Like a Hundred Years Ago? … 37
3.2 Henrietta Leavitt … 39
3.3 Vesto Slipher … 44
3.4 The Great Debate of 1920: “The Scale of the Universe”… 58
3.5 An Island Universe … 68

3.5.1 Edwin Hubble … 76
3.5.2 Ernst Öpik … 79
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 Begin search for the origins of cosmology as a modern science 

 Must determine, clearly and precisely, the moment when scientists first found themselves in a position 
to study the Universe in its entirety, as they would any other physical system 

 On a cosmic scale, the Universe is a collection of points and, like any physical system, it is well specified 
if we know their masses, positions, and velocities 

 They can be represented in phase space 

 In contrast to a lab system, we always observe the universe from the same place, so the position of 
celestial objects will always be naturally given by the radial distance to the object and two angular 
coordinates of the radial line, or equivalently, of its projection on the celestial sphere 

 Likewise, the velocity vector will have a radial component, zooming out or approaching us, and another 
component perpendicular to the radial direction, determining its displacement on the celestial sphere

 Recall goal: when did cosmology first become a modern science? The answer is now clear: when tools 
first became available that allowed researchers to calculate:                                                             

(i) positions  and  (ii) velocities  of the celestial bodies on a large scale 
 In this chapter we explain when and how this happened. It was in 1912.
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Year 1912

The Beginning of Modern Cosmology

 Distances Henrietta S. Leavitt (Cepheids)
 Velocities Vesto M. Slipher (redshifts)

7 April 1912: Victor Hess discovers cosmic rays
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Lowell Observatory, Flagstaff, Arizona, USA

Mount Wilson Observatory, Angeles 
National Forest, California, USA

Vesto Slipher

Edwin Hubble

1st cosmological revolution 1912-32

Henrietta
Leavitt
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Image of H335H shows the glass side of the photographic plate, on 
which Hubble marked novae and, eventually, the first Cepheid in ink 

Hubble variable number one, or V1, two million 
light-years away in the outer regions of the 
neighboring Andromeda galaxy, or M31
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4 The Theory of General Relativity and Its Main Solutions
4.1 Einstein’s General Relativity … 82
4.2 The Fundamental Principles of the General Theory of 

Relativity … 102
4.3 Einstein and the Universe in 1917 … 113
4.4 The First Solutions of Einstein’s Equations … 121

4.4.1 Schwarzschild’s Black Hole Solution … 121
4.4.2 De Sitter’s Universe … 128
4.4.3 The Friedmann Families of Solutions … 131
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 The 1st cosmological revolution had three important milestones 

 The first was finding that the Universe was millions of times larger than the Milky Way 

 The second is presented in this chapter: contrary to the prevailing view in the 1920s, supported by 
rigorous physical considerations that everyone, including Einstein, accepted at face value, the Universe 
was not static, but expanding

 The third, to be discussed in the next chapter, was to realize that our Universe had not existed forever: 
it had an origin, some fourteen billion years ago 

 But the cosmological revolution exactly coincided with the time when cosmology itself became a 
modern, a true science. And the observation of celestial objects, including the determination of their 
positions and speeds, and their evolution, all just correspond to the empirical part 

 These results must be explained on the basis of some fundamental law, which is expected to be 
predictive and tell us how these objects and the entire universe will evolve in the future, and how they 
evolved in the past; even before the astronomical data to confirm both these extremes are available 

 Such fundamental law is none other than Albert Einstein’s General Theory of Relativity. The whole 
chapter is devoted to this theory S. Weinberg, Einstein’s Mistakes,

Physics Today, 2005
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2nd Friedmann Equation

�̈�𝑎
𝑎𝑎

= −4π𝐺𝐺
3

(ρ+3𝑝𝑝
𝑐𝑐2

)+Λ𝑐𝑐2

3

p = 𝑤𝑤 ρ
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5 The Hubble-Lemaître Law and the Expansion of the Universe 
5.1 Karl Lundmark and Carl Wirtz … 137
5.2 Georges Lemaître … 139
5.3 Hubble’s Law … 151
5.4 The Interpretation of Hubble’s Law … 153
5.5 General Acceptance of Lemaître’s Work of 1927 … 159
5.6 2018: The Hubble-Lemaître Law … 161

5.6.1 Who was the first to discover that the Universe is 
expanding? … 165
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 It is claimed that “Edwin Hubble discovered the universe expansion”. This is false, for several reasons

 Hubble never believed in this expansion, he fought against this idea, although he contributed much to its discovery 

 The puzzle is not so hard to understand, if we stick to the definition of a scientific theory:

Scientific Theory  =  Observation  +  Law or Theoretical Model (explanation)

 Hubble only contributed to the first of the two legs: the empirical or observational part 

 He constructed a table of distances to the spiral nebulae and, comparing it with Vesto Slipher’s table of radial 
recession speeds he found his famous law: nebulae were moving away from us at a speed proportional to their 
distance. Thus, the size of the visible universe was increasing. An empirical result. 

 No one raised any serious objection against this great discovery

 But this has nothing to do with saying that the universe expands, that is, that the fabric of space-time stretches, 
dragging the nebulae with it 

 Hubble and almost all astronomers of the time looked for completely different explanations for the recession of the 
nebulae at those tremendous speeds: tired light, de Sitter effect, etc. 

 Neither Hubble, in his entire life, nor Einstein, for ten long years, accepted the Universe expansion
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6 The Big Bang Theory 
6.1 Dark Matter … 171
6.2 Fred Hoyle … 175
6.3 The Big Bang … 183

6.3.1 George Gamow … 186
6.4 The Cosmic Microwave Background Radiation … 191
6.5 Alan Guth … 195
6.6 R2 or Starobinsky Inflation … 203
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 Crucial chapter, most original one for the new interpretations given, but the most difficult to understand 

 If the expansion of the universe is no longer easy to accept, getting to understand its origin in any detail 
is even more so 

 That alone can explain the enormous amount of inaccuracies that have been and are still being written 
on this. Many of the explanations that we can currently find in the media cling to the one Lemaître gave 
90 years ago. We delve in this chapter into the depths of the true origins of the term “Big Bang” 

o When did this expression first appear? 
o What exactly did the person who first spoke these two words mean?
o Why did he employ this term and not another one? 
o In what context was it used? 

 Having already accepted that the universe was expanding, it was enough for Lemaître to turn his head 
and look back in time, towards the past 

 It was that simple: in the remote past, the whole universe must necessarily have been concentrated 
inside a highly dense nutshell …
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Miracle of Physics No. 1  

[Alan Guth, MIT]

“Gravity can be repulsive”
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Miracles of Physics:  #1 

Miracle of Physics No. 2         

[Alan Guth, MIT]

“Energies are not always positive:  
the gravitational field
has negative energy” 
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Fig. 8.6 If the Little Prince threw a stone with all his 
strength, from his small planet, it would not return.

Fig. 8.7 Where does the force come from that constantly acts 
on our Little Prince and that continues to accelerate him 
incessantly, defeating the gravitational attraction of his planet?
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 Astronomical observations carried out, just over twenty years ago, by two teams of some thirty scientists 

each (Riess et al., Perlmutter et al., 1998) indicate that the expansion of the Universe is accelerating

 The first to publish results was the High-z Supernova Research Team, led by Brian Schmidt and Adam 
Riess, 1998. The Supernova Cosmology Project, PI Saul Perlmutter, did so independently in 1999

 For specialists in the subject, these results were not surprising at all, quite on the contrary, since there 
were already many hints of a non-vanishing Λ implying that the universe expansion was accelerating 

 Observations in support of the this came afterwards from many and varied directions and data analysis, 
including: the CMB, early galaxy formation, Type 1a supernovae, nearby galaxy distributions, BAO, and 
many others

 Anyway, the big question still remains: what is the physical reason for this universal acceleration? 

 Various models and experiments have been proposed to answer this question, the simplest of which fully 
respects the validity of Einstein’s GR, with the only addition of his famous Λ

 If this path were shown to have no way out, we still have another possibility, which is to modify a bit GR
 But, what is the correct way to do this?
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Index (ca. 600 items)  …  271
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The first revolution can be framed in the period 1912-1932
 From the discoveries of Leavitt and Slipher to those of Hubble, and includes the 

theoretical advances made by Einstein, Friedmann, de Sitter, and Lemaître
 It came to its peak in 1929, with the publication of Hubble's results, confirmed in 1931 
 Eventually, the scientific theory of the expansion of the universe having an origin was 

adopted by specialists and formulated in the celebrated Einstein-de Sitter model of 1932 
 Anyway, its completeness still had to wait for:

o the elaborate formulation of the Big Bang model
o for its definitive test through the detection of the cosmic background radiation (CMB) 
o and for a major reshaping (inflation), which would only arrive fifty years later and 

was actually the prelude of the second revolution

The first cosmological revolution of the XXth Century 
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The second revolution occurred in the period 1985-2005
 Indeed, it may be affirmed that it started in the mid 1980s already, with the first discussions 

of a fitting cold dark matter model endowed with a possibly non-vanishing Λ-term 
 It came to its peak in 1998-99 when the supernovae results appeared 
 But it was not fully confirmed until some six years later, by other very important surveys 
 The ΛCDM theory that was being built around various cosmological results had its most 

impacting confirmation through the astronomical discovery of the accelerated expansion rate 
using Type Ia supernovae as standard candles 

 But these results just confirmed what other astronomical observations and the theoretical fits 
had been stubbornly indicating for some time already: that the expansion was accelerating! 

 Modified gravity models and the use of Λ provide solid theoretical frameworks to try to 
understand this astonishing fact, based on the fundamental laws of physics 

 But so far no one has convincingly succeeded

The second cosmological revolution of the XXth Century 
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The similarities between the two revolutions are remarkable
 Their gestation period was exactly the same: 20 years in both cases 
 In addition, there were always some prominent leaders who pretended to be the actual 

discoverers and tried to claim all the merit of the breakthroughs exclusively for themselves 
o Hubble and his Mount Wilson observatory, in the first case 
o Riess, Perlmutter et al. and their SNIa observations, in the second 

What we have here discovered is that those claims were not sustained
 The story was much richer and complex (Peebles) involving many other crucial contributions 

along the way leading to the findings and to the final confirmation of the discoveries
 It is also true, moreover, that the cosmological revolutions I am talking about cannot be 

identified by looking only at what happened during those 20-year time intervals 
 I have to admit that this may be just a sketchy approach, a possibly too crude simplification

Clear similarities between the two revolutions 
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 Then, what I said is quite understandable
 If we take the French Revolution, it cannot be reduced to the events of 14 July 1789 

o Revolutions are always long and extensive in time, and seldom occur in a linear or 
coherent manner 

o Nevertheless, in the end, they produce great transformations in the thinking, 
behavior, and organization of people and societies 

 As for the case of the famous Scientific Revolution, it took place during what historians often 
call the "long XVIIth century“

 Extends from the XVIth c., with the first investigations in anatomy and astronomy using 
modern techniques, until Darwin himself, well into the XIXth c. (some cut before)

 A very long period, in which much of what we now recognize as Science was slowly 
condensing; for the first time materialistic explanations were sought in all areas of research

Please, compare with other famous revolutions
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 Cosmological models are continuously being reshaped, as better astronomical data accumulate
 But one thing remains clear. It is then and only then, when we now look in perspective at the 

whole past century, and observe it in this perspective view from its end to its beginning, strictly 
comparing the vision of our Universe at the end of the 20th century with that at its start  

 This view, from the outside in wide scope, finally opens our eyes to an incontestable reality 
 The astronomical observations throughout the century had extraordinary, almost incredible 

implications, which completely changed our vision of the Universe 
 From being small, static, immutable, and eternal it became enormous, expanding, and endowed 

with an origin out of ‘nothing’ (1st revolution) 
 Then, we also learned that its expansion accelerates without stopping, thus creating an absolute 

mystery where almost complete certainty had reigned before (2nd revolution) 
 For me, looking at them in perspective, these are unquestionably two impressive revolutions 
 Indeed, two of the greatest discoveries in human history 

Conclusion
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 Description of the period that immediately preceded the Hubble-Lemaître law 

 In 1924 Karl Lundmark hypothesized that all spiral nebulae were somehow standard astronomical 
objects (like the Andromeda nebula): he deduced their intrinsic luminosity from their mass (as Öpik had 
already done earlier) 

 Then he used a set of such nebulae to determine, from their brightness their distance from us 

 The speeds of the objects he took them from Vesto Slipher's table, and tried hard to determine a 
relationship between speeds and distances, to conclude that he could not affirm there was one 

 On its turn, Carl Wirtz also derived a relationship between the recession of the spiral nebulae and their 
distance, assuming that all the galaxies were approximately the same size and estimating their relative 
distance from their apparent diameters 

 He interpreted his results as a possible increase in radial speeds with distance, but pointed out that they 
were also compatible with a confirmation of de Sitter's universe

 The rest of the chapter is mainly devoted to Georges Lemaître, who was the first to derive Hubble's law 
and to correctly interpret it, in terms of a Friedmann solution of GR he had rediscovered 

 Thus, Lemaître was the first to prove that our Universe is expanding
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 Two things pending. One is very important: to delve even deeper into the origins of the cosmos, right back 

to the very instant t = 0 

 The other, to complete the discussion on all the present meanings of ‘Big Bang’, that is, all the different 
concepts that have adopted this same name 

 Apart from the Big Bang model, already considered, in the seventy years that have passed since Hoyle 
spoke these words, they have been used in very diverse situations 

 Within physics: the Big Bang singularity, the Hot, Cold, and Warm Big Bang models 

 Outside of physics, in numerous contexts: in novels, movies, and in a very popular TV series 

 Not surprisingly the latter is now the first meaning that inevitably appears when searching the internet

 When the term “Big Bang” is used, one should specify which of these concepts is actually being referred to 

 In this chapter, I first describe the different Big Bang cosmological models, then the issue of the Big Bang 
singularity, with the classical singularity theorems of Penrose and Hawking (rendering also a brief tribute to 
the later), and its generalization under the form of the Borde-Guth-Vilenkin theorem 

 To finish with how the universe could actually have originated, according to the physics that we know now
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According to the most recent and accurate astronomical observations, it is very likely that our 
universe had an origin from nothing (e.g., from a vacuum state of a tiny quantum system including 
space-time and a scalar field) some 13.8 billion years ago and is currently in accelerated expansion 

Recall the 2nd Friedmann Eq. Fluid

�̈�𝑎
𝑎𝑎

= −4π𝐺𝐺
3

(ρ+3𝑝𝑝
𝑐𝑐2

)+Λ𝑐𝑐2

3
p = 𝑤𝑤 ρ

Three possibilities for its fundamental parameter of state w  (w ≈ −1, obs.)
1. w=−1 cosmological constant case, the simplest and most natural in general relativity

• difficult to explain, need for a symmetry 
• the cosmological constant problem

2. w>−1 so-called quintessence case  
• ordinary, evolving scalar field

3. w<−1 the phantom case
• phantom field (negative kinetic energy)
• future singularities at finite (or infinite) time
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 I start with a brief summary of what Stigler’s eponymy law is about, with several examples 
 Then I highlight the final conclusion I have come to after this long journey, which is namely that 

the knowledge acquired in the last century gave rise to two important cosmological revolutions 
 This may seem exaggerated, given that, no matter hard we search through the literature, we are 

not going to find anywhere (to my knowledge) explicit reference to such revolutions 
 However, it is a fact that the astronomical observations that occurred gradually throughout the 

last century completely changed our vision of the Universe 
 From being small, static, immutable, and eternal it became enormous, expanding, and endowed 

with an origin out of ‘nothing’ (1st revolution)
 Then, we also learned that its expansion accelerates without stopping, thus creating an absolute 

mystery where almost complete certainty had reigned before, at least for a while (2nd revolution) 
 For me, looking at them in perspective, those are unquestionably two impressive revolutions 
 Indeed, two of the greatest discoveries in all of human history
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