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Foreword 

 

The scope of cosmology discussed in this PDF publication is slightly wider than that presented on the Mysearch website. 

Within the structure of the website, cosmology was first discussed in terms of ‘Accepted Science’ and, as such, the 

discussion was basically constrained to the standard model of cosmology, as defined by the ‘Concordance Model’, which 

encompasses both an ‘Inflationary Model’ and ‘Energy-Density Model’. The previous links above provide access to these 

web-based discussions. 

 

However, in the process of the review of accepted science covering Relativity, Quantum Theory and Cosmology, it 

became apparent that many other speculative ideas existed, whicheither challenged or contradicted these accepted 

models. As many of these ideas are highly speculative, they were subsequently reviewed under the heading of 

‘Speculative Science’. This said, many of the ideas contained within the remit of accepted science might also be described 

as highly speculative; especially in the area of cosmology. Therefore, it was decided that this PDF publication should 

include the final section of discussions under the heading of ‘Cosmic Speculation’.   

 

It is highlighted that each section of this review of cosmology essentially represents a series of personal learning curves 

rather than any statements of certainty, hence all the questions. Each of the sequential learning curves has its own 

summary that reflects on the issues just reviewed in a wider, somewhat philosophical, context that is not necessarily 

inappropriate given the scope of cosmology. While the subject of cosmology cannot really have any definitive 

conclusions, at this time, it is felt that many of the models reviewed may simply reflect an uncertainty of understanding 

in regards to the most fundamental elements of physics, i.e. time, space and energy. If so, we may struggle to attain a 

coherent model of the universe for some time to come.  

 

 

  

http://www.mysearch.org.uk/index.html
http://www.mysearch.org.uk/website1/html/235.Accepted.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/237.Relativity.html
http://www.mysearch.org.uk/website1/html/323.Quantum.html
http://www.mysearch.org.uk/website1/html/332.Cosmology.html
http://www.mysearch.org.uk/website1/html/402.Speculative.html
http://www.mysearch.org.uk/website1/html/634.Cosmic.html
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Terry Pratchett 

"The current state of knowledge can 

be summarized thus: In the beginning, 

there was nothing, which exploded." 

Steven Weinberg  

But if there is no solace in the fruits of our research, 

there is at least some consolation in the research 

itself. Men and women are not content to comfort 

themselves with tales of gods and giants, or to 

confine their thoughts to the daily affairs of life; they 

also build telescopes and satellites and accelerators, 

and sit at their desks for endless hours working out 

the meaning of the data they gather. The effort to 

understand the universe is one of the very few things 

that lifts human life a little about the level of farce, 

and gives it some of the grace of tragedy. 

1. A COSMIC PERSPECTIVE 

 

Like most topics in this website, the discussion of cosmology simply represents a 

personal learning curve rather than any statement of certainty. For anybody 

already knowledgeable in this subject, this clarification may become fairly 

obvious, but we all have start somewhere.  

 

 
However, this clarification is primarily being made because cosmology can be one of those emotive subjects in which 

different worldviews can all collide. Why this is so may be for the quite simple reason – nobody knows all the answers, which 

leaves the doors open for both religious belief and philosophical speculation. As such, it is a subject where Clifford’s three 

principles apply more than most, which is why the discussion of cosmology has been organised along the following lines: 

 

 Duty of Inquiry 

o History 

o Concepts 

o Issues 

o Summary    

 Weight of Authority 

o Equations 

o Nature 

o Spacetime 

o Big Bang 

o Summary    

 Limits of Inference 

o Concordance 

o Interpretation 

o Framework 

o Models 

o Summary  

http://www.mysearch.org.uk/website1/html/5.Worldviews.html
http://www.mysearch.org.uk/website1/html/34.Clifford.html
http://www.mysearch.org.uk/website1/html/34.Clifford.html
http://www.mysearch.org.uk/website1/html/333.Inquiry.html
http://www.mysearch.org.uk/website1/html/334.History.html
http://www.mysearch.org.uk/website1/html/337.Concepts.html
http://www.mysearch.org.uk/website1/html/349.Issues.html
http://www.mysearch.org.uk/website1/html/370.Summary1.html
http://www.mysearch.org.uk/website1/html/371.Authority.html
http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/492.Nature.html
http://www.mysearch.org.uk/website1/html/372.SpaceTime.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/368.Summary2.html
http://www.mysearch.org.uk/website1/html/365.Inference.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/392.Framework.html
http://www.mysearch.org.uk/website1/html/498.Models.html
http://www.mysearch.org.uk/website1/html/513.Summary3.html
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Albert Einstein 

"Only two things are infinite, the 

universe and human stupidity, and 

I'm not sure about the former." 

Richard Whately   

As one may bring himself to believe almost anything he is 

inclined to believe, it makes all the difference whether we begin 

or end with the inquiry, 'What is truth?' 

As the links within the list above suggest, the focus of this discussion is orientated as 

much towards how the development of the scientific ideas have led to the Big Bang 

model of cosmology in which the universe might ‘initially’ be described as being 

finite in both time and space; although the actual size of the universe is not really 

known. Today, based on the arguments of quantum physics, the model speculates 

that a universe, with possibly no net energy, came into existence some 13.7 billion years ago and, by the arguments of the 2nd 

law of thermodynamics, this universe may ultimately decay into a final entropy state some 10
100

 years into the future. Of 

course, it should also be highlighted that this is an only hypothesis, supported by limited evidence, and so the ‘ethics of belief’ 

are there to remind us of the necessity for a scientific perspective to be retained. However, as alluded to by the cartoon, the 

questions encompassed by cosmology are some of the most profound and persistent ever raised by humanity. 

 

1.1 Duty of Inquiry 
 

Today, the close relationship between physics and 

cosmology comes as no great surprise, as many 

simply accept that the laws of physics, which we 

perceive to operate here on Earth and within our 

local solar system, also apply to the rest of the 

universe; past, present and future. Of course, if we 

stop to think about it, this view is quite a recent 

development, certainly the Greek philosophers, who 

help define some of the first coherent cosmological 

models, saw a very clear distinct between the world 

in which we live and the celestial heavens, with the 

latter even being made of different `substance` 

called quintessence. However, even after 

the Copernican revolution, in 1543, cosmology was 

still essentially restricted to a model of the local solar 

system, saying little about the wider universe. Later, 

Kepler, Newton et al were to become major 

catalysts of change that was to eventually lead to a 

more expansive view of the cosmos; although this 

was not widely accepted or understood until the 

beginning of the 20th century. The first few decades 

of the 20
th

 century would see two profound paradigm 

shifts in fundamental physics in the form of relativity 

and quantum theory, which would come to have an 

equally profound effect on cosmology. Within his 

publication of the theory of special relativity, in 1905, Einstein had encapsulated the relationship between mass and energy, 

which would eventually evolve into quantum theory and have further profound implications on our understanding of the 

microscopic universe. Shortly after, in 1915, Einstein's second theory of general relativity would be published and sow the seed 

of an idea that the macroscopic universe was not necessary a static system, infinite in both time and space, but rather an active 

http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/12.Greeks.html
http://www.mysearch.org.uk/website1/html/28.Copernicus.html
http://www.mysearch.org.uk/website1/html/25.Catalysts.html
http://www.mysearch.org.uk/website1/html/25.Catalysts.html
http://www.mysearch.org.uk/website1/html/239.Special.html
http://www.mysearch.org.uk/website1/html/254.General.html
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Benjamin Jowett  

Doubt comes in at the window 

when inquiry is denied at the door. 

system that was itself subject to change. This idea would lead to the hypothesis of an expanding universe, which when played 

backwards in time suggested that the universe may have emerged from a ‘singularity’ some 13.7 billion years ago, which is now 

popularised as the ‘Big Bang’. Over the course of the 20
th

 century, this model developed to become the accepted view of 

cosmology, although such ideas would have implications that went well beyond the boundaries of science, as the ultimate goal 

was the understanding the very nature of creation. Of course, in human terms, we may consider 13.7 billion years as being 

close to an eternity, but in the context of cosmology, this enormous amount of time does not even represent a microsecond in 

the potential life of the universe, as outlined in the next table: 

 

Era Timeframe Elapsed 

Primordial 10
-50

 to 10
5
 10

5
 years 

Stelliferous 10
6
 to 10

14
 10

14 
years 

Degenerate 10
15

 to 10
39

 10
39

 years 

Black Hole 10
40

 to 10
100

 10
100

 years 

Dark >10
101

 -> Eternity 

 

The table above introduces the ‘possible’ evolution of our entire universe from the 

first tick of time after the Big Bang through to its eventual decay, driven by the 

2
nd

 law of thermodynamics, after some 10
100

 years. Now this is a span of time, which 

does seem to truly defy the human imagination. However, on reflection, what is 

possibly more disturbing about this model is not the enormous period of time involved, but rather the thought that the 

universe will die and become devoid of any sort of life. In this context, the words of Lord Byron’s poem, Darkness, may have 

been more prophetic than first realised: 

 

Darkness had no need of aid from them,  

She was the Universe 

 

However, while the words of Byron may better capture some of the majestic tragedy of some far future universe, if we truly 

want answers to our most profound questions, then it would appear that we must turn to science and embark on a duty of 

inquiry. 

 

Educational Premise 

Students at all grade levels and in every domain of science should have the opportunity to use scientific inquiry and 

develop the ability to think and act in ways associated with inquiry, including asking questions, planning and conducting 

investigations, using appropriate tools and techniques to gather data, thinking critically and logically about relationships 

between evidence and explanations, constructing and analyzing alternative explanations, and communicating scientific 

arguments. 

  

http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/46.Darkness.html
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1.1.1 History of Cosmology 
 

There is evidence that some primitive forms of astronomy has existed ever since the earliest civilisations were able to record 

their observations of the sun, moon and stars. Four thousand years ago, the Babylonians were able to predict the motion of 

objects in the night sky, e.g. Sun, moon, planets and stars, even though they would have only had limited understanding of their 

nature. Later, the ancient Greek philosopher-scientists developed some of the earliest cosmological models within which they 

attempted to explain the observed motions within the night sky. 

 

 
 

Copernicus 

"To ascribe movement to the Earth must indeed seem an absurd performance on my part to those who know that many 

centuries have consented to the establishment of the contrary judgment, namely that the Earth is placed immovably as 

the central point in the middle of the Universe." 

 

By the 4
th

 century BC, the Greeks had developed the idea that the stars were fixed on a celestial sphere which rotated about 

the spherical Earth, once every 24 hours, while Sun, Moon and the planets moved in the ether between the Earth and the stars. 

However, we might initially try to condense the entire history of cosmology into one simple table that reflects the perceived 

age and size of the universe along speed of light: 

 

Era Age Size Light 

Ancient <10
4
 years 10

8
 km Infinite 

1900 Infinite Infinite 3*10
8
 m/s 

Now 13.7*10
9
 years >10

23
 km 3*10

8
 m/s 

 

Today, Aristotle is recognised as one of the first to try to develop a logical model of the universe, albeit that this model was 

possibly more of a rationalised philosophy than verified science. However, the following table is reflective of the long historical 

http://www.mysearch.org.uk/website1/html/26.Aristotle.html
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timeline of developments that have attempted to build on the model handed down by the Greeks and although this list is not 

exhaustive, it tries to represent of some of the most significant scientific events: 

 

  220 - Ptolemy lays the basic mathematical foundations of the geocentric model 

1543 - Copernicus forwards a scientific rationale for the heliocentric model 

1643 – Galileo - Dialogue ` provides the arguments for the heliocentric model 

1609 - Kepler publishes his laws of planetary motion 

1687 - Newton publishes Principia contain laws of motion and gravitation 

1755 - Kant publishes his ‘Theory of the Heavens’ 

1905 - Einstein proposes the Special Theory of Relativity 

1915 - Einstein proposes the General Theory of Relativity 

1922 - Slipher publishes his findings on galactic redshifts  

1922 - Friedmann publishes a solution to Einstein's field equations  

1927 - Lemaître proposes a creation event as a result of an expanding universe 

1929 - Hubble demonstrates a linear redshift-distance relation 

1933 - Milne names and formalizes the cosmological principle  

1934 - Lemaître links cosmological constant to a vacuum energy. 

1948 - Bondi, Gold, & Hoyle propose a steady state cosmology 

1948 - Alpher, (Bethe) & Gamow introduce the concept of inflation  

1948 - Gamow predicts cosmic microwave background radiation 

1950 - Fred Hoyle derisively coins the term `Big Bang`. 

1965 - Penzias and Wilson discover the 2.7K microwave background radiation 

1968 - Carter speculates on need for a strong anthropic principle 

1969 - Misner outlines the Big Bang horizon problem  

1969 - Dicke outlines the Big Bang flatness problem 

1981 - Guth proposes the inflationary universe to solve the horizon and flatness problems 

 

Galileo Galilei  

"The surface of the Moon is not smooth, uniform, and precisely spherical as a great number of philosophers believe it to 

be, but is uneven, rough, and full of cavities and prominences, being not unlike the face of the Earth, relieved by chains 

of mountains and deep valleys." 

 

The timeline above is divided into three periods of historical developments, i.e. prior to the 20th century plus pre/post 2nd 

World War.  However, because the developments prior to the 20
th

 century have already been essentially covered, 

.i.e. see History, the discussion will now focus on the later developments. 

 

Isaac Newton 

"Hitherto I have not been able to discover the cause of those properties of gravity from phenomena, and I frame no 

hypotheses... And to us it is enough that gravity does really exist, and act according to the laws which we have 

explained, and abundantly serves to account for all the motions of the celestial bodies, and of our sea." 

http://www.mysearch.org.uk/website1/html/17.Ptolemy.html
http://www.mysearch.org.uk/website1/html/28.Copernicus.html
http://www.mysearch.org.uk/website1/html/29.Galileo.html
http://www.mysearch.org.uk/website1/html/30.Kepler.html
http://www.mysearch.org.uk/website1/html/32.Newton.html
http://www.mysearch.org.uk/website1/html/33.Kant.html
http://www.mysearch.org.uk/website1/html/239.Special.html
http://www.mysearch.org.uk/website1/html/254.General.html
http://www.mysearch.org.uk/website1/html/335.1900-1939.html#Vesto_Slipher
http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/335.1900-1939.html#Georges_Lemaitre
http://www.mysearch.org.uk/website1/html/335.1900-1939.html#Edwin_Hubble
http://www.mysearch.org.uk/website1/html/335.1900-1939.html#Edward_Milne
http://www.mysearch.org.uk/website1/html/336.1945+.html#Hermann_Bondi,_Thomas_Gold,_and_Sir_Fred_Hoyle
http://www.mysearch.org.uk/website1/html/336.1945+.html#George_Gamow_
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/368.Summary2.html#_Brandon_Carter
http://www.mysearch.org.uk/website1/html/336.1945+.html#Robert_Dicke
http://www.mysearch.org.uk/website1/html/497.Inflation.html#Alan_Guth
http://www.mysearch.org.uk/website1/html/10.History.html
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Arthur Eddington: 1914  

It is believed that the great mass of the 

stars are arranged in the form of a lens or 

bun-shaped system considerably 

flattened towards one plane, the Sun 

occupies a fairly central position. 

1.1.1.1 Pre-War Cosmology: 1900-1939 
 

In 1905, Einstein published his Special Theory of Relativity, followed some 10 

years later by his General Theory of Relativity. Although both of these theories 

were to challenge the assumptions of earlier science, there was one 

implication of the general theory that was to lead to a major paradigm shift in 

cosmology. The implications of this shift initially disturbed even Einstein 

himself. When applied to the universe as a whole, general relativity seemed to 

suggest that the universe must either be expanding or contracting, but could 

not be static. However, this suggestion ran contrary to the belief of all previously accepted paradigms, i.e. it had always been 

assumed that the universe was created complete, rather than being ‘work-in-progress’. The subsequent and general 

acceptance of this paradigm shift is what possibly separates the second section of our timeline from the first. In 1912, Vesto 

Slipher was the first to observe the shift of spectral lines coming from other galaxies, i.e. what has become known as the 

`redshift`.  

Edwin Hubble: 1917 

The great spirals are apparently lie outside our stellar system. 

 

Edwin Hubble, shown below, is generally credited with discovering the redshift of galaxies, although Hubble's contribution was 

primarily in correlating the relationship between the distance of an object and its redshift via observation. In 1929, Hubble 

published the law of spectral displacements, which is now called ‘Hubble's Law’. This law can be expressed as a function of 

distance [d] and shift [z] plus a constant [H]: 

 

[1]       

 

In this form, the equation leads to a basic interpretation that the 

redshift of light emitted from an object, such as a galaxy, appears to be 

proportional its distance. However, Hubble went onto suggest that [z] 

could be multiplied by the speed of light [c], which then transformed a 

dimensionless number [z] into a velocity [v]. In so doing, Hubble pointed 

out that this procedure allowed the redshift to then be interpreted as a 

Doppler effect, which implied that the cause of the redshift was the 

recessional velocity [v] of a given galaxy. Hubble then plotted a trend 

line, from the data acquired from 46 galaxies, and made a preliminary 

estimate of what was to become known as the `Hubble 

Constant [H]`. His estimate of 500 km/s/Mpc is now considered 

incorrect, mainly due to calibration errors in the equipment used. The 

current estimate lies between 50-100 km/s/Mpc with the figure of 72 

km/s/Mpc now being used for most general calculations.  

 

Note: Megaparsec MPC = 10
6 

parsecs;  1 parsec = 3.26 light years; 1 lightyear = 9.4 × 10
15

 metres 

 

http://www.mysearch.org.uk/website1/html/239.Special.html
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Hubble's Letter: 1924 

Shapley remarked to a colleague who happened to 

be in his office, "Here is the letter that has 

destroyed my universe." Shapley admitted that the 

large number of photographic plates that Hubble 

had obtained were enough to prove that the stars 

were genuine variables. By August, Hubble had still 

more variables to report. Shapley was glad to see 

this definite solution to the nebula problem, even if 

it refuted earlier evidence against spiral nebulae as 

island universes. 

In the same basic timeframe that Hubble was developing his ideas 

based on observed redshift, the mathematician Alexander 

Friedmann was working on Einstein's field equations, which were 

originally thought to describe a static universe. However, Friedmann 

was led to the conclusion that these equations were capable of a 

number of different interpretations, if the idea of a static universe was 

abandoned. In 1927, Georges Lemaitre proposed a universe, which 

'exploded' out of an infinitely dense state, which then drove the 

expansion of the universe. So while Einstein was to become associated 

with the idea that both space and time are relative, he initially 

assumed space to be a static quantity, in the sense that galaxies 

moved 'through' space, which could then be attributed with a 

Doppler-shift. However, in contrast, the work of Friedmann and 

Lemaitre was pointing towards a modified form of Doppler shift, 

caused by the expansion of space itself. While the net effect was 

similar to the Doppler effect, the underlying cause was thought to be 

different and, as such, it is now referred to as a `cosmological redshift. 

In the 1930’s, following almost two decades of profound change in 

scientific thinking, it is not surprising that there was still much debate 

about the nature of the universe. Astrophysicist Edward Milne (1896-

1950) was very much at the centre of this debate having published an 

article in Nature, which directly attacked the current thinking of the 

time. From a historical perspective, we can see that Milne's ideas are 

representative of the turmoil that was affecting not only science, but 

theology and philosophy as well. In Milne's view, without direct 

verification, a cosmologist was unconstrained and could come up with 

almost any hypothesis. However, by the same token, Milne simply 

believed in the need for a process that reflected the necessity for a rational order in the universe, which aligned with 

his Christian beliefs. In part, his development of a `cosmological principle` in which the universe is seen to have the attributes of 

being both homogeneous and isotropic, from any point, are reflective of this underlying belief in a rational creation. As such, 

new ideas were beginning to cause profound changes, not least; in how science itself was coming to understand how the 

universe might work as an overall system. While Newton's laws  were still seen to govern the everyday world, science was 

beginning to confront the fact that human perception of reality might be very limited and a much wider definition of physical 

reality was being defined by relativity and quantum theory, which in-turn demanded a new model of the universe. While 

Milne's model of the universe is now usually dismissed, it is interesting because it reflects one aspect of the original debate, 

which is worth highlighting as it encompasses issues that are still considered, by many, as unresolved and while most accepted 

sources now seem to be quite adamant about the Big Bang paradigm, examination of the issues using Clifford’s three criteria 

might suggest that there is still room for some circumspection and alternative ideas. Milne’s described his universe as a bubble 

having both an inside and an outside – see later inflation model for analogous ideas. This universe, inclusive of its galaxies, is 

created at a single point in flat space-time. Apparently, this concept aligned with Milne's own Christian theological beliefs, 

possibly like Lemaitre, he still required an act of creation by God. After creation, the bubble-like universe expands, at the speed 

of light, into pre-existing empty space. It worth highlighting a couple of points at this stage: 

http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/394.Redshift.html
http://www.mysearch.org.uk/website1/html/56.Christianity.html
http://www.mysearch.org.uk/website1/html/338.Newton.html
http://www.mysearch.org.uk/website1/html/165.Reality.html
http://www.mysearch.org.uk/website1/html/237.Relativity.html
http://www.mysearch.org.uk/website1/html/323.Quantum.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
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 In hindsight, these ideas were possibly reflective of the transition from a view anchored in theological belief to one 

that might have been equally biased by scientific speculation. 

 

 Even if science were able to prove that the universe was finite in time and space, the issue of how and why the 

universe was created would still remain as a question for theological, philosophical and scientific debate. 

 

However, in the context of a historical overview, we will simply describe Milne's model as one that essentially ignored gravity in 

the sense that the galaxies within the initial bubble universe simply expand outwards in all directions, along straight-line paths 

at constant velocity. If this speed was close to the speed of light, the galaxy would appear, at least from outside, to be near to 

the surface of the bubble universe. However, what makes Milne's universe interesting is his explanation of how the universe 

can be both finite and infinite in size at the same time.  We start with the premise that the galaxies fill a bubble of finite size, 

but there are an infinite number of them. How this is possible is explained by special relativity in that when an object moves at 

near light speed, it undergoes space or length contraction, as well as time dilation with respect to another observer. However, 

within any inertial frame of reference everything appears perfectly normal. By definition, the only galaxies that can be near the 

surface of the bubble universe have to be moving at near light speed; therefore they are subject to space contraction in the 

direction of motion. The upshot of this idea is that an ever-increasingly number of galaxies can exist in space that becomes ever 

more contracted as the surface of the bubble universe is approached. So while from a god-like position outside the bubble 

universe, you may conceptually perceive absolute motion; special relativity argues that this perspective cannot be resolved 

from within the universe. Therefore, there would be no observable difference between a `fast-moving galaxy near the surface` 

and a `stationary galaxy at the centre` of Milne's bubble universe. This is because the motion of the galaxies would be invariant 

under a Lorentz transformation and would simply convert one relativistic frame of reference into another. In both cases, any 

observation would initially appear to be at the centre of an expanding universe. Milne was to refer to this feature as a 

`cosmological principle ` that is sometimes also known as the `Copernicus principle` because it is analogous to the earlier 

theological-scientific debate that was to eventually remove man from the centre of the solar system. 

 

Given the historical bloodletting associated with this issue, is it so surprising 

that science was reluctant to allow mankind to assume he was once again at 

the centre of universe? 

 

The cosmological principle is still in used today and interprets the universe 

as being both homogeneous and isotropic, at least, on the very large-scale 

of the universe itself. 

 

1.1.1.2 Post-War Cosmology: 1945-Present Day 
 

In some ways, the pre & post-war worlds are not just separated by a shift in 

scientific thinking, but possibly by a complete shift in the global worldview  

brought about by the dropping of the first atomic bombs in Hiroshima and 

Nagasaki in August 1945. This single event might be said to tragically mark 

the beginning of the nuclear age on our historic timeline. Pre-war 

developments that triggered the concept of an expanding universe, centred 

on Friedmann, Lemaitre, Hubble and Milne, were eventually to lead to the 

http://www.mysearch.org.uk/website1/html/418.Perspectives.html
http://www.mysearch.org.uk/website1/html/242.Lorentz.html
http://www.mysearch.org.uk/website1/html/5.Worldviews.html
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Sir Fred Hoyle 

The 'Big Bang' is an irrational process that cannot 

be described in scientific terms nor challenged by 

an appeal to observation. 

acceptance of the universe being created at some finite time in the past. However, in the post-war era, the debate widened to 

include a number of distinct possibilities that encompass both time 

and space: 

 

 The universe is static and infinite 

 The universe is expanding and infinite 

 The universe is expanding and finite 

 

In part, the idea of the universe being static and infinite was the default assumption that had been generally accepted up to the 

beginning of the 20th century. The concept of an expanding, but finite universe is one we now often associated with the Big 

Bang approach, although the visualisation of the Big Bang was only attributed to Fred Hoyle, in 1950, after he had become 

associated with an alternative theory of cosmology, which became known as the `Steady State Theory`. This theory suggested 

that the universe was expanding, but was potentially infinite in size and age. In 1948, Hermann Bondi, Thomas Gold, and Sir 

Fred Hoyle outlined their theory in opposition to the idea of a finite universe, which initially they appear to have regarded as 

unsatisfactory, on philosophical ground as much as scientific. For example, if the state of the universe was different in the past, 

then so might have been the laws of physics. However, science demands some level of empirical verification and, in the case of 

cosmology, this requires the observation of the distant universe, which due the speed of light also implies that any observation 

must be linked to an earlier universe. Of course, within this historical context, the scope of the laws of physics could not be 

guaranteed across all of time and space, so how was any conclusion to be drawn about the universe as a whole? 

 

At this point, it may be useful to just outline the central idea behind the steady state theory by way of reference. The 

steady state theory accepted that the perception of a static universe does not align with general relativity or the 

observation of an expanding universe. However, while the steady state theory accepts the expansion of the universe, it 

assumes the universe does not change over time, i.e. unlike the Big Bang theory; the universe has no beginning. As a 

consequence, the theory requires a small amount of matter to be formed to maintain a constant density within an 

expanding universe. The amount of matter required was very small, only a few hundred atoms of hydrogen per year per 

galaxy, which would obviously make this process very difficult to observe to say the least. 

 

Given that many of the assumptions of cosmology could not be verified, scientists had to resort to secondary observations to, 

at least, suggest that they were on the right track. Historically, one of the first problems that any cosmology theory is often 

asked to explain is called Olbers’ Paradox , which asks the question: 

 

Why, given an infinite number of stars, do they not illuminate the entire night sky? 

 

While the question is straightforward enough, the answer is not necessarily so. There have been a number of basic possibilities 

suggested: 

 

 Cosmic `dust` is blocking the light 

 The universe has only a finite number of stars. 

 The distribution of stars is not uniform. 

 The universe is expanding; so distant stars are red-shifted. 

 The universe is young. Distant light has not yet reached us. 
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By 1950, it was generally accepted that a static, infinite universe was now hard pressed to explain Oblers' paradox and 

appeared to go against mounting observational evidence. Therefore, this left two variants of an expanding universe, i.e. finite 

and infinite in age. A young universe might naturally take the position that the light has not had enough time to reach us from 

the edge of the universe, while an expanding universe required an expansion that could account for the observed redshift, 

which extended beyond the visible spectrum. However, at the same time, science was reminded that some equations may have 

two solutions, one positive and one negative, which shall only describe by analogy at this point: 

 

[1]       

 

In many physical situations, negative solutions are often discarded, because they require an object to travel backwards in time. 

However, in 1941, John Wheeler and Richard Feynman proposed an idea that two waves, travelling forwards and backwards in 

time, would be produced in some electromagnetic interactions that were a valid solution within the physics of quantum theory, 

i.e. see transactional interpretation. However, in the context of cosmology, these waves would only be cancelled out, if they 

were equal in size and therefore required the wave from the future to be the same size as the wave from the past, which then 

imply that the universe had to be the same size, in the future, as it was in the past, i.e. it would align with the steady state 

model. However, in retrospect, it is now known that the steady state theory had its own problems and the discovery of quasars, 

in 1966, appeared to provide some key evidence that contradicted the assumptions of the steady-state model. Quasars are very 

small, but brilliantly luminous extragalactic systems, which appear only to exist at a very great distance, i.e. corresponding to 

several billion light-years, and therefore are objects that only appear to have existed in an earlier stage of the universe. As such, 

this evidence seemed to suggest that the universe was subject to change and therefore not in steady state equilibrium. 

However, it would be the discovery of `cosmic microwave background radiation`, in 1965, that appears to provide the critical 

contradiction between theory and observation, although we are possibly getting ahead of the unfolding historical timeline. 

What had been established, at this point on the timeline, was that most stars were made of hydrogen and helium, in roughly a 

75/25 proportion by mass. Everything else, including the key elements of carbon, oxygen and nitrogen, vital for life, make up 

less than 1% of the visible mass of the universe, even ignoring present-day assumptions about dark matter. In the 

1940's, George Gamow was starting to work out some of the details by which helium could have been constructed from 

protons and neutrons. His work was to eventually lead to the idea, based on a 75/25 mixture of hydrogen and helium, that the 

Universe could have expanded, but subsequent nuclear reactions would have halted, making it impossible to construct more 

complex elements. Although this theory did not yet have a name, it would eventually become known as the `Big Bang`, thanks 

to a somewhat disparage remark by Fred Hoyle. However, by a strange coincidence, it was Hoyle who also went on to explain 

how the heavier elements were subsequently formed within a star or more accurately through its demise as a supernova. The 

details of the proposal were published in 1948, the same years as the opposing steady state theory. Calculations appeared to 

show that the proportion of helium produced in the Big Bang depended on the temperature at the point of `creation` and 

Einstein's equations could then be used to predict how the temperature of the associated background radiation would fall as a 

function of the expansion of the universe. A subsequent paper then calculated that the temperature of this radiation would 

have now cooled to just a few degrees above absolute zero. In the first moment of creation, this temperature would have been 

in the order of billions of degrees; after 100 seconds, it would have cooled to 1 billion degrees; and after about an hour it would 

have fallen to around 170 million degrees. In effect, Gamow and his team, had outlined a mechanism associated with cosmic 

inflation and were essentially predicting the then undiscovered existence of a Cosmic Microwave Background Radiation 

(CMBR). Later, in 1965, when CMBR was accidentally discovered by Penzias and Wilson, the repercussion would change the 

state of modern cosmology.  

http://www.mysearch.org.uk/website1/html/622.Transaction.html
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Teleological Argument 

An argument from design or an argument about the 

existence of order in the context that nature has a 

purpose and therefore proves the presence of a Creator. 

The word ‘teleological’ is derived from the Greek word 

telos, meaning "end" or "purpose". Teleology is the 

supposition that there is purpose or directive principle 

in the works and processes of nature. 

Up to this point, cosmology had appeared a somewhat 

intellectual process that only produced abstract models, rather 

than being an actual description of the universe. With the coming 

of age of cosmology many physicists would now turn their 

attention to what appeared to be an exciting field of discovery. 

However, almost in contradiction to the uptake of physics, 

cosmology still attracted those who were more interested in the 

philosophical ramification of cosmology. History records that, in 

1973, Brandon Carter outlined his version of the `Anthropic 

Principle` during a two-week symposium to commemorate 

Copernicus's 500th birthday. There is a sense of irony in the 

timing because Copernicus' theory removed humanity from the 

centre of the universe, while the anthropic principle appears to 

suggest that humanity or, at least, intelligence life has 

a ‘central’ role in the universe. However, Carter was not really 

arguing that humanity was the centre of universe, only that 

some aspects of the workings of the universe, required to 

support life, appear to defy all probability. The versions of the 

Anthropic Principle that Carter originally outlined has become 

known as the `Weak Anthropic Principle (WAP)`. 

 

The observed values of all physical and cosmological quantities are not equally probable but they take on values 

restricted by the requirement that there exist sites where carbon-based life can evolve and by the requirements that the 

Universe be old enough for it to have already done so. 

 

Carter subsequently proposed the `Strong Anthropic Principle (SAP)`: 

 

The Universe must have those properties which allow life to develop within it at some stage in its history 

 

This version has a teleological argument, which might today encompass the 'intelligent design ' argument put forward in some 

theological groups. However, it can be argued that Carter position can also be supported from a purely scientific perspective, 

which has some correlation to the cause of the `wave function collapse` in quantum theory. For example, the `Participatory 

Anthropic Principle` adheres to the following idea: 

 

The Universe had to develop some form of intelligent life, because intelligence is required for the universe to exist, 

i.e. an intelligent observer is required to collapse the wave functions in the universe, which then changes a 

superposition of probability waves into reality. 

 

However, the arguments concerning the anthropic nature of the universe are essentially philosophical or theological, not 

scientific. In parallel to this debate, the science of astrophysics was rapidly coming of age as the general acceptance of the Big 

Bang model grew. The original standard model was essentially based on the premise of 3 ideas to be outlined: 
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 Redshift expansion 

 Cosmic background radiation 

 Hydrogen-helium abundance 

 

At this early point in the discussion, it is possibly useful to try to summarise some of the salient ideas of the initial standard 

model before we outline some of the problems, which were to subsequently befall it and require several radical and speculative 

modifications: 

 

 How the early universe expanded and cooled 

 How subsequently heavier elements formed 

 How matter condensed to form stars, galaxies and clusters of galaxies 

 

By extrapolating the expansion back in time, you are led to the conclusion that the universe has a finite age, currently estimated 

to be 13.7 billion years. The initial state of universe is often conceptually described as a singularity of zero size and infinite 

density, which quantum theory might wish to constrain to the Planck scale and therefore is only allowed to approach an infinite 

density. However, this initial model did not describe: 

 

 What caused the expansion 

 Where the energy-matter came from 

 

However, developments in physics, which initially underpinned the Big Bang, were now starting to throw up a number of 

problems, which appeared to contradict some of the fundamental assumptions of the original Big Bang model: 

 

 The Antimatter Problem 

This problem concerns the predominance of matter over antimatter. Initially, there were no theories that could explain the 

asymmetry of the universe's preference towards matter, as opposed to antimatter, which must have been resolved when 

the universe was only a few milliseconds old.  

 

 The Galaxy Formation Problem 

Random non-uniformities in an expanding universe were not sufficient to account for the formation of galaxies. In the 

presence of rapid expansion, the gravitational attraction is too slow for galaxies to form, given the turbulence created by 

the expansion itself. In many respects, the question of how many of the large-scale structures of the universe formed is 

still an open issue. Many appear to require a timeframe that exceeds the age of the universe.  

 

 The Horizon Problem  

The discovery of the cosmic microwave background (CMB) radiation could not be easily explained by the steady state 

theory and is often cited as one of the `pillars` of the Big Bang model. However, the constant temperature of the CMB 

radiation, within 0.01%, represented a problem in that there appeared to be no means for the constancy of temperature 

to be maintained across the entire universe without some transport mechanism that would have to exceed the speed of 

light as the universe expanded. Different regions of space should have been separated by a `distance horizon`. 
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Branches of Science 

Astronomy is one of the oldest natural sciences and, 

as such, cosmology & astrophysics are often classified 

as sub-fields of astronomy. In this context, cosmology 

is said to be focused on the operation of the 

universe, as a whole, while astrophysics is more 

related to the detailed study of the physical or 

chemical properties of celestial bodies. 

Scientific Method 

Is the process by which science endeavours to 

construct an accurate model of the system under 

investigation. In recognizing that personal and cultural 

beliefs can influence the interpretations of natural 

phenomena, scientific method requires the use of 

standard procedures to minimize what might be 

described as 'erroneous  influences'. 

 The Flatness Problem  

Depending on the amount of matter in the universe, the expansion of the universe can have three outcomes, open, closed 

or flat . An open universe would expand forever; a closed universe would re-collapse, while a flat universe would 

eventually stop expanding, but never re-collapse. The problem arises because any departure from a `flat universe` would 

become ever more exaggerated with time, and at this stage of the universe, even minuscule initial irregularities would now 

be huge. Robert Dicke pointed out that the flatness of the universe, as observed today, requires that the universe to have 

been flat to one part in 10
14

, just 1 second after the Big Bang. This would apparently correspond to a critical density 

accurate to 50 decimal places. 

 

Our historical timeline has now reached 1980. The standard Big Bang model is now in some difficult as it tries to resolve the 

issues thrown up by the previous set of problems. However, in 

1981, Alan Guth was to forward the idea of `Cosmic Inflation` in 

which the very early universe undergoes a period of exponential 

expansion driven by a negative pressure scalar field. However, 

before delving into some of the technical details associated with 

this idea, it is probably sensible to first review some of the more 

basic concepts and structures associated with cosmology, which 

have also been introduced. 

 

1.1.2 Basic Concepts 
 

In this sub-section we are only attempting to initially outline a few 

of the basic concepts that have come to underpin modern 

cosmology. Therefore, to put this discussion into some sort of 

wider perspective, it might be worth reflecting on the stated goals 

of cosmology and some of the wider implications of these goals: 

 

 To understand the universe, its origin and evolution. 

 

 To produce a model of the universe, defining its 

operational parameters and functions. 

 

 To provide a true description of the universe, its 

components and dynamics. 

 
Anybody who has ever stared up at the night sky and wondered: 

`why, what and how` will implicitly understand the power and 

motivation of the first goal above, i.e. the striving for some 

comprehension of the universe. Without doubt, there are aspects 

of this goal that may transcend not only the limits of inference, but 

the limitations of humanity for some time to come. Of course, in 

the meanwhile, this does not prevent the pursuance of the second 
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Scientific Procedures 

As a procedure, science might be described in 

terms of a staged approach: 1.Observe, 

2.Formulate, 3. Predict, 4. Verify 

Jules Henri Poincaré  

Science is facts; just as houses are made of 

stone, so is science made of facts; but a pile 

of stones is not a house, and a collection of 

facts is not necessarily science. 

and third goals within the scope of present-day science, even if a true understanding of the universe cannot be fully achieved 

within the constraints of a purely physical description. So, for now, we might simply accept that certain aspects of cosmology 

may remain driven as much by philosophical and theological ideology, as scientific curiosity, e.g. 

 

Who/what created the universe?  

What is the purpose of the universe, and the life within it? 

 

While the topic of scientific methodology may seem somewhat of a 

tangential issues at this point, it is within the scope of this discussion that we should give it some initial consideration, for it 

would seem to be the way by which we attain and evaluate scientific truth. In the diagram below, each ellipse might represent 

a different area of scientific knowledge, i.e. relativity or quantum theory, which is then required to collectively support some 

overarching theory of cosmology. Within this model, we might start with an unproven idea or belief, i.e. an initial hypothesis, 

which is then rationalised via the power of mathematics and logical deduction into a theory, which can then be hopefully 

verified as fact by observation and experiment. 

 

 
 

However, we might also foresee problems with this methodology, for as the dependency of interrelated facts continues to 

grow, there is an inherent danger that an accepted, but incorrect assumption may come to undermine the integrity of a 

dependent cosmological model. For this reason, it might not be 

unreasonable, or necessarily a bad thing, to retain a certain degree of 

healthy scepticism about any scientific paradigm, as history has shown us, 

repeatedly, that none have fully stood the test of time. With this thought in 

mind, we shall now start to review some fairly basic assumptions of science, 

after which we can consider some of the issues that might arise. 
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Gravitation 

In 1666, Robert Hooke gave a lecture 'On Gravity' at 

the Royal Society in London. In a subsequent lecture, 

in 1670, Hooke explained that gravitation applied to 

“all celestial bodies” and added the principle that 

the gravitating force would decrease with distance 

and that in the absence of such a force, a body 

would move in a straight line. By 1679, Hooke 

thought gravitation had inverse square dependence 

and communicated this in a letter to Isaac Newton. 

Centrifugal Force  

This force is sometimes described as being 'fictitious' 

in the sense that it is present only for an accelerated 

object and does not exist in an inertial frame. An 

inertial frame is where an object moves in a straight 

line at a constant speed. However, Einstein's general 

theory of relativity allows observers, even in a non-

inertial frame, e.g. free-falling, to regard themselves 

at rest. In this context a centrifugal force is not 

fictitious. 

1.1.2.1 Newtonian Gravitational Force 
 

Newton’s laws of motion and gravitation stood, essentially 

unchallenged, for 200 years before being superseded by relativity. 

As such, Newtonian physics was essentially considered to be proven 

fact by virtue of the empirical verification of the day and would 

have fallen within any reasonable definition of the ‘limits of 

inference’ , e.g. as defined by Clifford: 

 

"We may believe in that which goes beyond our experience, 

only when it is inferred from our experience and by the 

assumption that, what we do not know, is like what we do 

know." 

 

In this respect, the experience of Newtonian physics was limited to 

weak gravitational fields and velocities much lower than the speed 

of light [c]. In this respect, we might wish to extrapolate the 

limitations of Newtonian physics within the field of cosmology by 

adding the caveat: 

 

What we thought we knew, turned out not to be like what we now 

think we know! 

 

As such, it would seem that there might be a cautionary lesson to 

be learnt in this case, but whether it is actually being heeded in the 

field of cosmology might be questioned. However, the concept of gravity is clearly central to any description of the workings of 

the universe and while Newton's laws might provide a good basis of understanding the fundamental principles at work, any 

relativistic corrections could undoubtedly have a profound effect on any model in operation for 13.7 billion years. See 

discussion entitled 'Effective Potential' for more details on the modification of [1] due to general relativity. 

 

[1]       

 

Where [G=6.67*10
11 

m
3
/kg*s

2
] is a gravitational constant, [M] is the 

mass of one object, [m] is the mass of the second object and [r] is 

the distance that separates them. Typically, in any cosmological 

model, [M] might be a larger, central mass around which the 

smaller mass [m] orbits. Of course, planetary orbits cannot be 

explained by gravity alone in the sense that any planetary orbit is a 

balance been the gravitational force in and the centrifugal ‘force’ in 

[2]: 

 

http://www.mysearch.org.uk/website1/html/281.Potential.html
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Gravitational Constant (G) 

Is an empirical physical constant involved in the calculation of 

the gravitational attraction between objects with mass. 

However, it appears in both Newton's law of universal 

gravitation and in Einstein's theory of general relativity. 

[2]       

 

The circumference of Earth's orbit [CE=2πr], where [r] is the normally taken to be the average distance of the Earth from Sun, 

i.e. 1.5*10
11

 metres, from which we can calculate its velocity [v]: 

 

[3]       

 

It can be seen that these classical equations go a long way to describing the basic mechanisms that lead to stable planetary 

systems, but we can go a step further in the classical foundations. Galileo is often remembered for having drop two different 

weights out of the `Leaning Tower of Pisa` to prove that they accelerate at the same rate under gravity, although there is no 

actual evidence to substantiate this historical anecdote, any more than for the apple said to have fallen on Newton's head. 

Nevertheless, Galileo's conclusion can be shown via the following classical relationship: 

 

[4]       

 

A force [F] is considered to act on mass [m] due to its acceleration [a] in accordance with Newton’s 2
nd

 law, but when equated 

to the gravitational force in [1], we see that the mass [m] on each side can be cancelled out, leaving the acceleration [a] of an 

object independent of its mass [m]. This acceleration is equivalent to the effects of acceleration under gravity [g]. The value of 

[g] on the surface of the Earth, where [M=6*10
24

kg] and [r=6.3*10
6
 metres] can be calculated as follows: 

 

[5]       

 

Actually, the relationship between acceleration [a] and gravity [g] has a number of profound implications that extend beyond 

Galileo's initial observations. For what was to be eventually understood from Galileo’s experiment is that an object, moving in a 

uniformly accelerating frame of reference is analogous an object within a gravitational field, where gravity [g=a]. It was this 

insight that eventually pointed the way for Einstein's general theory of relativity, which was to have many knock-on effects in 

the field of cosmology. For example, it is a fundamental principle of general relativity that gravitational mass is identical to its 

inertial mass. This implication is often referred to as the ‘principle of equivalence’ and, as a consequence, if a light photon is 

attributed a kinetic mass, by virtue of its momentum, it must also be affected by gravitation. This assumption then leads to the 

idea that photons might also be subject to an escape velocity, with in a gravitational field, which then leads to the idea of 

gravitational redshift, gravitational lensing and ultimately the idea of a gravitational black hole, i.e. one assumption, many 

dependencies. 

http://www.mysearch.org.uk/website1/html/259.Equivalence.html
http://www.mysearch.org.uk/website1/html/290.Blackholes.html
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Electric Fields 

The electric field of a point charge conforms to the 

inverse square law, as does the electric force in 

Coulomb's law. 

Radiation  

Is another field that obeys the inverse square law. As 

such, all measurements of radiation will fall based on the 

inverse square of the distance. 

1.1.2.2 Inverse Square Law 
 

According to Newton's laws, the force of gravity is 

proportional to 1/r
2
, where [r] is the radius or 

distance from the central mass [M]. This general 

relationship is known as an `inverse square law` and 

its associated geometry is particularly relevant in the 

field of cosmology. The following diagram illustrates 

how the inverse square law comes about as a result 

of geometry. This law is also used to describe the 

intensity of a light source, whose energy radiates in 

all directions; such that the energy is distributed over 

the surface of an expanding sphere of radius [r]. The 

surface of a sphere is defined as [4πr
2
] and the energy [E] per square metre equals [E/4πr

2
], i.e. the inverse square of the radius. 

There is also a similarity between Newton’s law of gravitational attraction and Coulomb’s law of charge attraction, such that it 

might be suggested that gravity could also be described in terms of field lines. For example, let us consider the similarity of the 

definition of a force between 2 charges and 2 masses: 

 

[1]       

 

Given that [κ1, κ2] can be defined as constants, we might realise that there must also be some parallel between any definition of 

an electric and gravitational field, even though gravity is not often presented in these terms: 

 

[2]       

 

Based on [1] the gravitational field defined in [2] might simply be seen is an alternative interpretation of gravity as a Newtonian 

force between point masses. However, in the field model, rather than two mass particles being attracted to each other via a 

gravitational force, each mass distorts the surrounding spacetime. So while this ‘distortion’ of spacetime might be perceived, 

and measured, as a force, it might also be seen as describing the gravitational field in terms of a visual interpretation of 

Einstein's description of curved spacetime, as defined in his theory of general relativity. However, at this point, we might simply 

present the results of this idea as the superposition of the gravitational field vectors in the space surrounding 2 masses, e.g. the 

Earth and the Moon. 
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Inference of Infinity 

The inverse square law is implicitly making reference to 2 

infinities. First, that the associated field or force extends 

to an infinite distance. Second, the field strength or force 

increases to infinity at a zero radius. Of course, 

alternatively, we might wish to reflect further on the 

scope of this law under certain conditions. 

 
 

On the very large scale, cosmology often models space as a 

volume with a given mass-energy density, where [E=mc
2
], such 

that the mass-energy of any volume space increases as a 

function of its radius, i.e. [r
3
]. Therefore, the gravitational field 

strength of a volume of space might be defined in terms of the 

effective mass-energy, which results from the mass-energy 

density divided by the volume of the sphere, i.e. 4/3πr
3
. As 

such, there is the implication that the gravitational field of a 

homogeneous volume of space with density [ρ] will increase with distance, not decrease, with distance [r]. However, the real 

significant of this issue will be highlighted in connection with an interpretation of `Friedmann's Equation` and a concept called 

`Newton's Shells’. 

 

1.1.2.3 Redshift and Hubble's Law 
 

Redshift is actually what its name suggests `a shift in the frequency or wavelength of an electromagnetic wave towards the red 

end of the spectrum`. While this term is often used in a generic sense to infer any frequency shift, i.e. towards either end of the 

spectrum, the opposite effect should be called blueshift. 

 

 
 

Christian Doppler  

Doppler (1803-1853) was an Austrian mathematician, best known for the principle now called the Doppler Effect. 

However, his original idea was that the pitch of a sound would change if the source was moving. In 1845, Buys Ballot 

tested the idea using two sets of trumpeters: one set stationary at a train station and one set moving on an open train 

car. As the train passed the station, it was obvious that the frequency of the two notes didn't match, even though the 

musicians were playing the same note. Later, a scientist named Fizeau generalized the Doppler effect to include light. 

 

http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/348.Implications.html
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Causation of Effect 

The cause of the Doppler effect is 

normally described in terms of the 

stretching of a continuous wave. While 

Fizeau extended the idea to light as a 

wave, it is not obvious how this effect 

applies to a photon of light. See 'The 

Nature of Light' for more details 

concerning the somewhat conflicting 

characteristics of light. 

For the purposes of this discussion, 4 basic types of redshift mechanisms will be defined; although some aspects of this 

introduction will be challenged in later discussions, see link below. 

 

 Doppler Effect:  

In the present context, we are primarily considering the propagation of 

photons through the vacuum of space. As such, we are focused on the 

particle nature of light rather than its EM wave nature. Therefore, the 

normal description of the Doppler effect, which applies to continuous 

wave in a physical media, is often replaced by the discussion of 

‘Relativistic Doppler’ . 

 

 Relativistic Doppler: 

To be honest, simply preceding the inference of the Doppler effect by the word ‘relativistic’ is possibly not that helpful. At 

stated, in the present context, we are primarily considering light as a stream of photons moving through a vacuum. 

However, the term ‘relativistic Doppler’ is often used to infer the redshift from a source moving with a relativistic velocity. 

Possibly, the easiest way of visualize the underlying cause of this type of redshift is in terms of time dilation. If we assume 

that it is source of photon that is moving with a relativistic velocity with respect to the destination, the tick of the clock in 

the source will be running slower than in the destination. Therefore, the photons will be perceived to be redshift.  

 

 Gravitational Redshift: 

As Einstein explained in his general theory of relativity, a gravitational mass will also cause time dilation. Therefore, if the 

source of photons sits deep within a strong gravitational well, while the destination is remotely located in flat spacetime, 

the measured frequency of the received photons will be redshifted. However, it might also be argued that the cause of the 

redshift is time dilation resulting from the gravitation field.   

 

 Cosmological Redshift:  

The Cosmological redshift is often described in terms of the expansion of space in which the wavelength of light is 

‘stretched’ in transit from the source to destination over vast periods of time. However, whether this description actually 

describes the physics in operation is doubtful. First, the structure of a photon in transit is essentially undefined by present-

day physics; plus it is felt that this form of expansion only affects the separation between very large scale structures within 

the universe, i.e. it does not affect atoms, solar systems or even galaxies. Therefore, how it might affect a photon is 

unclear and essentially unexplained. However, if we abandon this idea, we would need some other explanation for the 

observed redshift from the distant universe. While time dilation might be cited in this case as well, due to the apparent 

relativistic velocities associated with distant galaxies, many of the objects only have a relatively low velocity with respect 

to the Cosmic Microwave Background (CMB), but more on this issue in the later discussion linked above. 

 

Of course, while acknowledging the scope of the wave-particle duality of light and the historical development of cosmology, we 

might still outline the basic mechanism of a Doppler shift in wavelength due to the relative movement of the source and/or 

destination. This effect can also be expressed mathematically: 

 

[1]       

http://www.mysearch.org.uk/website1/html/462.Nature.html
http://www.mysearch.org.uk/website1/html/462.Nature.html
http://www.mysearch.org.uk/website1/html/462.Nature.html
http://www.mysearch.org.uk/website1/html/394.Redshift.html
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Where [Ws] is the source wavelength and [Wo] is the observed wavelength. However, in the basic Doppler effect, there is a 

known relationship between the change in wavelength and the velocity [v] of the source: 

 

[2]       

 

This basic relationship only holds true if [v<<c], i.e. non-relativistic, otherwise the relationship has to be modified to the form: 

 

[3]       

 

In the context of cosmology, the only measured quantity available is the observed wavelength [Wo] and so the source of light 

has to be of a known type, so that its source wavelength [Ws] can be correlated to this type. Given these assumptions, the 

value of the shift parameter [z] can be derived as a dimensionless number, as the units of wavelength cancel out. In 1929, 

Hubble published the law of spectral displacements, which is now called Hubble's Law. This law can be expressed as a function 

of distance [d] and shift [z] plus a constant [H]: 

 

[4]       

 

In this form, the equation led to a basic interpretation that the redshift of objects, such as a galaxy, appears to be proportional 

its distance. However, Hubble went on to suggest that [z] could be multiplied by the speed of light [c], in order to transform a 

dimensionless number into a velocity [v]. In so doing, Hubble pointed out that this procedure allowed the redshift to then be 

interpreted as a Doppler-like effect and that the cause of the redshift was the recessional velocity [v] of the galaxy. The 

transformation of [z] to [v] can be performed as follows: 

 

[5]       

 

This all seems quite logical and compatible to our empirical experience of the Doppler effect, here on Earth, and allows the 

process to be completed as follows: 

 

[6]       
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Standard Candle 

Is a class of astrophysical objects, such as supernovae or 

variable stars, which have known luminosity due to 

some characteristic quality possessed by the entire class 

of objects. Thus, if an extremely distant object can be 

identified as a standard candle then the absolute 

magnitude of that object is known. Knowing the 

absolute magnitude, the distance can be calculated 

from the apparent magnitude. 

Luminosity & Brightness 

Luminosity is the amount of electromagnetic energy a 

body radiates per unit of time. The luminosity of stars 

is measured in two forms, i.e. apparent and bolometric 

luminosity. The former only measures the visible light, 

while the latter measures the total radiant energy. As 

such, luminosity is an intrinsic property, which is 

independent of distance and defined in terms of its 

absolute magnitude. In contrast, apparent brightness is 

related to the distance by the inverse square law. 

The transformation is now complete, [v] is now the recessional velocity and [d] is distance and [H0] is the value of the Hubble 

constant in the present era. If the distance to the observed object can be determined from its luminosity and [H] is a known 

constant, the recessional velocity of the object, e.g. galaxy, can be determined. However, as the observed redshift generally 

grew as a function of distance, it led to the conclusion that velocity was increasing with distance to the point where relativistic 

effects had to be taken into account: 

 

[7]       

 

Hubble's multiplication of [z] by [c] based on a Doppler shift 

interpretation also led to the assumption that the galaxies are 

racing away from each other at speeds, which increases with 

distance. At the boundary of our visible universe, defined by 

[r=c/H], this recessional speed exceeds the speed of light. As 

such, we might appear to have a recessional velocity that violates 

the principle of special relativity, but it is claimed that this 

velocity can exceed the speed of light [c], because this velocity 

does not exist in any local frame of reference. However, the full 

implications connected with the idea of the cosmological 

redshift will be the subject of further discussions. 

 

1.1.2.4 Cepheid Variables & Hubble’s Constant 
 

The term ‘standard candle’ applies to celestial objects with well-

defined magnitudes, which are assumed not to vary with age or 

distance. Type I and II Cepheids and RR Lyraes are all examples 

of what are considered to be standard candles. In the 1920’s, 

Leavitt and Shapley studied some Cepheid stars and noted a 

periodic time-varying luminosity. Subsequently, they showed 

that the period of a Cepheid is proportional to its absolute 

luminosity, i.e. amount of light emitted in unit of time, and 

determined by a coefficient of proportionality. So, by measuring 

the apparent luminosity, it was possible to determine the 

distance of the star. Using this technique, it became possible to measure the distance of various Cepheids inside our galaxy, 

which led to the first estimate of the size of the Milky Way. RR Lyraes can also be used as standard candles, although because 

their intrinsic luminosity is lower than classical Cepheids, they cannot be detected to the same great distance of the Cepheids. 

Type Ia supernovae may also be approximated to standard candles as their absolute magnitude approaches its maximum 

brightness. Given the extreme luminosity of these objects, they can be used to probe much further into the Universe than 

Cepheids. Cepheid stars oscillate between two states. In its compressed state, the star is compacted such that large 

temperature and pressure gradients build up and cause the star to start to expand. When the star is in its expanded state, there 

is a much weaker pressure gradient within the star and without the pressure gradient to support the star against gravity, the 

star contracts and the star returns to its compressed state.  

http://www.mysearch.org.uk/website1/html/394.Redshift.html
http://www.mysearch.org.uk/website1/html/394.Redshift.html
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The Great Debate 

This was an influential debate 

between the astronomers 

Harlow Shapley and Heber 

Curtis concerning the nature 

of spiral nebulae and the size 

of the universe. The basic 

issue related to whether 

distant nebulae were relatively 

small and lay within our own 

galaxy or whether they were 

large, independent galaxies. 

Cepheid variable stars have masses between five and twenty 

times the mass of our Sun, where the more massive stars are 

both more luminous and support extended outer layers of gas. 

When these outer layers are more extensive in larger stars, the 

density is lower and the period of oscillation between the two 

states becomes longer, i.e. it is proportional to the inverse 

square root of the density in the layer. However, there have 

been difficulties associated with using Cepheids as distance 

indicators. For until recently, astronomers used photographic 

plates to measure the flux from stars and these plates were not 

necessarily linear and therefore often led to inaccurate 

measurements. Equally, because more massive stars are shorter 

lived, they are always located within cosmic dust-clouds, which 

absorb light. Again, if the dust absorption is not corrected it can lead to further erroneous luminosity measurements. For similar 

reasons, it is very difficult to detect Cepheids in distant galaxies using ground-based telescopes, as the Earth's atmosphere 

makes it virtually impossible to separate these stars from the diffuse light of the host galaxy. One other important difficulty 

associated with using Cepheids, as distance indicators, has been the issue of determining the distance to a sample of nearby 

Cepheids. However, in recent years, this problem has reduced as astronomers have developed several reliable, and 

independent, methods of determining the distances to the Large Magellanic Cloud and Small Magellanic Cloud, which are 

satellite galaxies of our own Milky Way Galaxy. Since both of the Magellanic Clouds contain large numbers of Cepheids, they 

have been used to calibrate the distance scale. More recently, new detectors called Charge Coupled Devices (CCDs) have 

enabled astronomers to overcome a number of the other past difficulties. These detectors are now also sensitive to the 

infrared wavelengths and dust is much more transparent at these wavelengths. Therefore, by measuring fluxes at multiple 

wavelengths, astronomers are able to correct for the effects of dust and make much more accurate distance determinations. 

Collectively, these advances are now thought to allow accurate study of the nearby galaxies that comprise the Local Group, i.e. 

the group of galaxies including our own Milky Way galaxy and neighbouring Andromeda galaxy. 
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Despite the advances in technology, astronomers, limited by the Earth's atmosphere, could really only measure the distances to 

the nearest galaxies, whereas astronomers wanted to measure the distances to distant galaxies so that they could more 

accurately determine the Hubble constant. Therefore, over the past few decades, astronomers have had to use various data 

sets and methods to calculate the Hubble constant with an associated range between 50 km/s/Mpc and 100 km/s/Mpc. 

Resolving this discrepancy range was one of the key issues in observational cosmology, which was helped by the launch of the 

Hubble Space Telescope (HST) in 1990, which then allowed a step-function in accuracy not achievable using ground-based 

telescopes. Unsurprisingly, one its first projects was refining the determination of the extragalactic distance scale via observing 

Cepheids in other galaxies. This project established a new calibrated scale that allowed a more accurate value of the Hubble 

constant [H] to be calculated using newly discovered Cepheids in 18 distant galaxies. For example, in the M81 galaxy, 32 

Cepheids were discovered to add to just 2 that had been previously found using ground-based telescopes. Using the data from 

these sources, the distance to the M81 galaxy was determined to be 3.4 megaparsecs, i.e. ~11 million light years, compared to 

the previous value in the range of 1.3 to 5.6 megaparsecs. As a result of the HST project, published in 2001, the value of the 

Hubble constant [H] was revised to 72±8 km/s/Mpc. This value was based on the results of the Cepheid studies which were 

then combined with other techniques such as observations of Type-Ia supernovae, Type-II supernovae, the Tully-Fisher relation 

and the surface brightness of galaxies. The uncertainty of the value was close to the original ±10% target for the project. 

 

Hubble Space Telescope 

Every 97 minutes, HST completes an orbit of Earth, moving at the speed of about 8 km per second. As it travels, HST's 

mirror captures light and directs it towards its onboard instruments. HST is a type of telescope known as a Cassegrain 

reflector in which light hits the telescope's main mirror and is then reflected towards a secondary mirror, which focuses 

the light back through a hole in the centre of the main mirror and towards the telescope's instruments. It is often 

assumed that the 'power' of a telescope relates to its ability to magnify objects. However, telescopes actually works by 

collecting more light based on the size of its main mirror. The HST mirror is 2.4 metres in diameter. 

 

 

1.1.2.5 Hubble, Redshift and the Age of the Universe 
 

The Hubble Space Telescope was launched in 1990 and 

orbits Earth. Its position above the atmosphere, which 

distorts and blocks the light that reaches our planet, gives it 

a view of the universe that typically far surpasses that of 

ground-based telescopes. Hubble is one of NASA's most 

successful and long-lasting science missions and has 

beamed hundreds of thousands of images back to Earth, 

shedding light on many of the great mysteries of 

astronomy. As such, the Hubble Space telescope (HST) is 

said to have been instrumental in helping to determine the 

age of the universe and the identity of quasars. While 

people often assume that a telescope's power lies in its ability to magnify object, they actually work by collecting more light 

than the human eye can capture on its own. The larger a telescope's mirror, the more light it can collect, and the better its 

vision. Hubble's primary mirror is 2.4 metres in diameter, which is small compared with those of current ground-based 

telescopes, which can be 10 metres in diameter, but Hubble's location beyond the atmosphere gives it remarkable clarity.    
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MegaParsec (Mpc) 

1 Mpc=3.085*10
22

 metres. 

However, a 'parsec' is a unit of length 

used in astronomy, which corresponds to 

~3.26 light-years or ~31 trillion 

kilometres. 

Space Telescope 

A space telescope addresses two key problems associated with Earth bound telescopes. First, shifting air pockets in 

Earth's atmosphere distort the view of telescopes. This "atmospheric distortion" is the reason that the stars seem to 

twinkle in the night sky. The atmosphere also partially blocks certain wavelengths within the total EM spectrum like 

ultraviolet, gamma-rays and X-rays, before they reach Earth. Therefore, the most effective way to avoid such problems is 

to place the telescope in space beyond the atmosphere, i.e. 569 km above the surface of Earth. 

 

So, in conjunction with the previous discussions, we might begin to see how the cosmological model has made an estimate of 

the age of the universe, based on the rate of expansion implied in the Hubble parameter [H]. For example, if we initially assume 

the rate of expansion to have been constant, then we can directly use the Hubble Constant to determine a first-order estimate 

of the age of the universe: 

 

[1]       

 

While many sources present the value of the Hubble Constant [H] in terms of astronomical units, it is both more logical and 

easier for most people to work in SI units: 

 

[2]       
 

Hubble Constant [H] 

This constant implies the recession velocity of objects as a function of distance. Observations suggest that more distant 

objects are receding faster than closer ones, which is then interpreted in terms of an expanding universe. However, the 

Hubble constant changes as a function of time depending on the cosmological model used to describe the expansion. 

Most models give an age of the universe in the order (1/H), although this relationship is somewhat misleading. Today, 

based on the HST data of Cepheid variables, [H] is often quoted to be 71km/s/Mpc. 

 

However, standard cosmological models are not based on constant expansion rates, so eventually we may have to question the 

validity of the result in [2] in the context of more specific expansion models. The following diagram is only representative of a 

range of possibilities in which the universe may have expanded and continue to expand.. 
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However, the purpose of this initial set of discussions has only been to introduce some of the basic concepts that have come to 

underpin present-day cosmology. In order to challenge the previous estimate, we will need to better understand the 

mathematical premise of the Friedmann equations, which are normally derived from general relativity. 

 

1.1.3 Conceptual Issues 
 

As part of a ‘duty of inquiry’  we might reasonably raise some questions and issues that are speculative in the sense that no 

definitive answer may yet exist. However, while many people turn to cosmology because they are looking for answers to the 

‘big’ questions about the universe, they often find that many standard textbooks tend to shy away from such issues. Therefore, 

this section will simply highlight a number of initial issues related to the gravitational mass and the energy of universe, primarily 

in an attempt to widen the perspective of a number of potential cosmological models.  

 

 The Gravitational Mass of the Universe 

There is an assumption, as per the cosmological principle, that space on the scale of the universe is both homogeneous 

and isotropic. On this basis, could the theorem of Newton's Shells be used as a mass-gravity model for the universe?  

 

 The Energy of the Universe 

While we will not actually address the wider issues linked to Friedmann's equation until a later section, we might still 

consider the issue of the conservation of energy, based on kinetic and potential energy. Basically, if we assume that energy 

cannot be created or destroyed, where did the energy that drives the universe come from and can we account for all of it? 

Within the scope of this discussion, there is some initial consideration of the following facets of energy: 

  

o Energy and the Singularity 

o Energy, Gravity and Expansion 

o Centre of Mass-Energy? 

http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/254.General.html
http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/350.Shells.html
http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/363.Singularity.html
http://www.mysearch.org.uk/website1/html/352.Expansion.html
http://www.mysearch.org.uk/website1/html/369.Speculation.html
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Cosmological Principle  

Encapsulates the assumption that the universe 

is both isotropic and homogeneous. It is a 

principle assumed by many models, although it 

cannot be `proved' in a mathematical sense. 

However, it is supported by current 

observations of our 'local' universe. 

Basic Question: 

Does the universe have a centre? 

Typical Answer: 

"No. Our observable universe looks 

basically the same from the point of 

view of any observer. We see 

galaxies moving away from us in all 

directions, but an astronomer living 

in any one of those galaxies would 

also see all the galaxies, including our 

own,  moving away from them." 

For example, if the universe started some finite time ago as a point 

singularity, it is not so unreasonable to ask whether it had, and still has, 

a finite size. For it would seem that no matter how great the subsequent 

expansion of the universe might have been, it must still have some sort 

of boundary. We might also wish to inquiry into the nature of expanding 

space, as opposed to some form of explosion, in which every cubic 

metre of the universe is said to be expanding. Although the scope of 

cosmology appears to describe a number of expansion and contraction 

models, we might question what ‘force-energy’ is driving the expansion, especially given the current speculation that the 

expansion of the universe is now accelerating.  

 

1.1.3.1 The Gravitational Mass of the Universe 
 

A diagram of the form shown on the right is often presented 

by way of a suggestion that the expansion of the universe is 

affected by the gravitational mass of the universe. However, 

what is not always clarified by such statements is how the 

gravitational mass of the universe is thought to affect 

expansion. From a classical perspective, Newton's law of 

gravitation relates the attractive force of gravitation to the 

radial distance separating two mass objects [M,m]. 

However, we can represent the previous statement more 

succinctly by the following equation: 

 

[1]       

 

We can see from [1] that gravitation is subject to the inverse square law, although 

it may not be immediately obvious as to what points are being referenced when 

measuring the distance between the two objects in question, i.e. 

  

Do we mean the distance between the surfaces of the objects or the centre of 

mass?   

 

While the radial separation between the objects is much greater than the radial 

size of each object, the issue implied above can be effectively ignored. However: 

 

What happens when mass [m] is sitting on the surface of a much larger mass [M]? 

 

It is believed that Newton was led to solve this problem because he was uncertain 

whether the focus of gravitational attraction was the centre of mass or every point 

on its surface. This problem led him to devise two theorems that are collectively known as Newton's Shells: 

http://www.mysearch.org.uk/website1/html/339.Laws.html
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Birkhoff's Theorem  

This theorem states that any 

spherically symmetric solution of the 

vacuum field equations of general 

relativity must be static and 

asymptotically flat. This means that 

the exterior solution aligns to the 

Schwarzschild metric. 

 Shell Theorem 1: 

A uniformly dense spherical shell attracts an external particle as if all the mass of the shell were concentrated at its centre.  

 

 Shell Theorem 2: 

A uniformly dense spherical shell exerts no gravitational force on a particle located anywhere inside it. 

 

However, these theorems can take on greater significance, if the universe is modelled as a finite sphere with a homogeneous 

mass-density [M] within a much larger definition of spacetime. In such a model, the volume of homogeneous space would have 

a centre of mass equivalent to the density of space multiplied by its volume. The volume of space [V] being simply a function of 

its radius [r] as defined by 4/3πr
3
. 

 

However, we might also question how the previous diagram works 

in the absence of any centre of gravitational mass 

within the universe as a whole? 

 

 

1.1.3.1.1 Derivation of Newton's Shell 
 

While there may be some concern that too much emphasis is being place on 

Newtonian physics, it is worth mentioning that general relativity has to align to 

Newtonian results in weak gravitational fields. Of course, the homogeneous density 

of the universe might be said to align to a weak gravitational field; hence the cross 

reference to Birkhoff' theorem in the insets right. Therefore, before beginning the 

derivation of Newton’s shells, we might wish to establish the basis of Newton’s 

gravitational theory in terms of the following well-known equations: 

 

[1]      

 

Normally, these equations label [x] in terms of either [a,r,R] to reflect some measure of the radial distance between the two 

masses [M,m]. However, the question we are trying to answer is: 

 

What does [x] actually measure? 

 

The following derivation is produced because its results lead to some non-intuitive effects, which are then discussed in the 

wider context of present-day cosmology. The diagram below shows the conceptual model to be used by the first part of the 

derivation. In this case, a unit mass is considered at point [P] outside a spherical shell. 

http://www.mysearch.org.uk/website1/html/275.Schwarzschild.html
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Birkhoff's Rationale 

The rationale that follows suggests that 

an isolated spherically symmetric 

gravitational field is produced by the 

logical concentration of the mass at its 

centre. This field would effectively 

vanish at large distances, based on the 

inverse square law, which then suggests 

that the solution would be 

asymptotically flat. In this context, 

general relativity reduces to the 

Newtonian approximation. 

 
 

In order to derive the gravitational potential [V], we start by considering the effects of the circular shaded strip. By basic 

trigonometry, the radius of the shaded circular strip is side adjacent to the angle [θ] and is equal to the hypotenuse [a.Sinθ]. As 

the width of the strip approaches [a.dθ], the area strip becomes: 

 

[2]       
 

If [M] is the total mass of the shell, then the mass per unit area of a sphere is: 

 

[3]                     

 

Therefore, the mass of the strip is: 

 

[4]      

 

The gravitational potential [dV] of the strip mass [Ms] with respect to a unit mass [m=1] at point [P] is implied by [1], but 

expressed in terms of the diagram above as: 

 

[5]      

 

We can substitute the value of [R] by using the general solution of a triangle: 
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Birkhoff's Implication 

The implication is that a spherically 

symmetric star of fixed mass, which is 

experiencing spherical pulsations, will 

still conform to Schwarzschild's 

description and will not emit 

gravitational waves. Another implication 

is that for a spherically symmetric thin 

shell, the interior solution must be given 

by the Minkowski metric.  Therefore, the 

gravitational field will vanish inside a 

spherically symmetric shell, which again 

aligns to the Newtonian description. 

[6]      

 

However, what we really want is an expression for [sinθ.dθ]: 

 

[7]      

 

We can now substitute equation [7] into equation [5] to give: 

 

[8]      

 

To obtain the total gravitational potential [V] we must integrate over the surface of a sphere. However, the limits of [R] outside 

the sphere are [r+a] and [r-a], which gives: 

 

[9]        

 

So the measure of [x] given in [1] is between the centres of mass of [M, m], which is [r] based on the diagram above. However, 

if point [P] was inside the sphere, the limits of [R] become [a+r] and [a-r], which gives: 

 

[10]       

 

What is particularly interesting about [10] is that the gravitational potential [V] is now independent of the position of [P] as it is 

now a function of the radius of the sphere [a]. We can transform [8] and [9] back into equations for gravitational force as per 

[1]: 

[11]     



the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
36 of 392 

 

Restated Question:  

Does the universe have a centre? 

Original Answer: 

"No. Our observable universe looks 

basically the same from the point of 

view of any observer. We see galaxies 

moving away from us in all directions, 

but an astronomer living in any one of 

those galaxies would also see all the 

galaxies, including our own,  moving 

away from them." 

Secondary Question: 

Is it premature for cosmology to be 

adamant on the issue of a centre of 

mass; especially in light of some of the 

ideas within the inflationary model? 

The force [F] on a mass [m] at some arbitrary point [P] outside the shell of mass [M] will be subject to the inverse square law, as 

we might expect. However, a mass [m] inside a shell of mass [M] is subject to a constant force from the surrounding shell, 

irrespective of its distance from the shell. As such, a mass inside 

a shell would feel no net force from the shell. The significance of 

this result in terms of cosmology will now be discussed in 

the next section. 

 

1.1.3.1.2 Implications of Newton’s Shells 
 

The previous derivation of Newton’s shells allows us to make 2 

statements. First, a uniformly dense spherical shell of mass [M] 

will gravitationally attract an external mass [m] as if the mass of 

the shell were concentrated at its centre. Second, and more 

interestingly, a uniformly dense spherical shell of mass [M] 

exerts no gravitational force on a mass [m] located anywhere 

inside the shell. So, as expected, [1] below shows that the 

external gravitational force [Fr] is an inverse square law function 

of its distance from the centre. 

 

[1]          

 

In contrast, [2] shows that the gravitational force [Fa] on mass [m]  inside the 

shell is always zero, irrespective of its position. However, the diagram above 

now alludes to a slightly different model in that the 'shell' now contains a 

homogeneous density, which defines a mass [M] that proportional to the 

volume defined by the radius [r<a]: 

 

[2]          

 

This theorem would appear to hold true irrespective of the thickness of the 

shell, provided it was uniform in density.  While the theorem is based on a shell 

of a given thickness, there appears to be nothing in the theorem that restricts 

the thickness of the shell. In fact, there is nothing to stop the theorem from 

being extended to a homogeneous volume of space of a given density, where 

the density is in the order of 10-20 particles/m
3
. If you pursue this line of 

thought, the shell may cease to physically exist and you are left with an 

arbitrary volume of homogeneous space of mass [M1] and another small mass 

[m] sitting at some equally arbitrary point [r] within this volume. 

http://www.mysearch.org.uk/website1/html/348.Implications.html
http://www.mysearch.org.uk/website1/html/350.Shells.html
http://www.mysearch.org.uk/website1/html/339.Laws.html
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[3]     

 

So, as the diagram tries to illustrate, if we place mass [m] at radius [r] in a volume of homogeneous space with density 

[ρ], which does have a centre of gravity, the gravitational force on mass [m] by the effective mass [M1], as defined by the 

density-volume enclosed by radius [r], means that [1] and [2], are redefined in terms of [3]. In this context, the exterior volume, 

which defines [M2] enclosed by radius [a], effectively acts as the shell, which could conceptually be extended to infinity. 

However, the force of gravity defined by [1], which reflects the inverse square law, is now described by [3], which implies that 

the force of gravity is directly proportional to the radius [r]. If this is the case, it raises a number of interesting questions, e.g. 

 

Can the theorem be applied to a homogeneous universe? 

 

In the description above, the statement ‘which does have a centre of gravity’ was highlighted because the implications of 

Newton’s shells may depend on the model of the universe adopted, e.g. 

 

o static and infinite 

o expanding and infinite 

o expanding and finite 

 

For now, let us just assume that the universe is not static, but rather has been expanding for 13.7 billion years. If so, we appear 

to have made an implicit assumption that the universe cannot be infinite in time and so we might equally assume that we can 

calculate the size of the universe as follows: 

  

 [4]         

 

While the current model has come to a determination of the age of the universe, i.e. 13.7 billion years, the issue of the rate of 

expansion is far more problematic and one that will be addressed in more detail in a later discussions. However, [4] still 

suggests that any rate of expansion, no matter how large, would result in a finite universe. At this point, the definition of finite 

and infinite within the standard model can become very ambiguous, as concepts of space topology and curvature are often 

introduced and effectively mask the fact that nobody really knows the actual physical size of the universe or the nature of the 

universe beyond the 'observable horizon'.. 

 

So can Newton’s shell tell us anything about the nature of the universe? 

 

If the universe were infinite in size, then any arbitrary point [P] might be said to be infinitely far from the ‘outer shell’, while by 

the same logic, it would also be as infinitely far from the centre of mass. Therefore, we would not be able to apply the theorem 

http://www.mysearch.org.uk/website1/html/398.Models.html
http://www.mysearch.org.uk/website1/html/398.Models.html
http://www.mysearch.org.uk/website1/html/374.Curvature.html
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Speculative Assumption: 

First, the totality of the universe might effectively 

extend to infinity. Second, there is no evidence to 

suggest that the 'observed' energy-density of our local 

universe extends across the total universe. Therefore, 

whether our local universe is subject to some sort of 

centre of gravity would seem to be an open issue.  As 

such, the potential implications of Newton's Shells is 

taken up in the main discussions on this page. 

as there would appear to be no definable centre of gravity. On the other hand, if our local universe were part of a finite 

spherical volume of space with a homogeneous mass-density [M] sitting within some much larger definition of an infinite 

vacuum; then the theorem might predict a net gravitational force towards its local centre of mass. Of course, at this point in the 

discussion, we are not attempting to put forward any speculative hypothesis, simply opening up the discussion to possibilities. 

As such, we shall simply table some thoughts for further consideration: 

 

 The physical universe could be very much larger than the observable universe, which we might initially defined by the age 

of the universe times the speed of light [c], because the accumulated effects of an unknown expansion rate could have led 

to an expansion velocity that far exceeds the speed of light without violating special relativity.  

 

 The universe might not be spherical, if its large-scale structures had some form of angular velocity within some much 

larger universe, which causes it to flatten in shape like a pancake.  

 

 Whether we can continue with the assumption of a homogeneous density for a physical universe that is much bigger than 

the observable universe is questionable. Equally, the conceptual centre of mass [M] could also be affected by a much 

larger physical universe. If so, the force of gravity would be enormous, although it is the acceleration due to gravity [g] that 

might be the more revealing factor.  

 

 If the centre of mass existed, then mass [m] might be better represented by galaxies being pulled towards the centre of 

mass [M]. Whether this conceptual movement towards the centre of gravity would be offset by the expansion of space 

would also have to be taken into consideration. 

 

 If all galaxies in our local universe were moving towards some centre of mass, then it is possible that the galaxies closer to 

this centre would have accelerated to higher velocities and would therefore appear to be receding away from us. By the 

same argument, galaxies behind us would be travelling slower and therefore also appear to be receding from us. On this 

basis, galaxies moving parallel to us, i.e. at the same radius from [M], would not have this velocity component, although 

the overall space expansion might cause the galaxy to recede away from us. 

 

Again, it is highlighted that these ideas are not to be taken too 

seriously at this point and are simply intended to open up the 

following discussions to some wider lines of thought. There might 

also be questions regarding how the idea of gravitational force 

acting towards a centre of gravity can be reconcile with general 

relativity, which describes such things in terms of geometric 

curvature of space. Of course, there is also the inference that a 

universe without what appears to be a centre of gravity would 

also have to be spatial flat. As such, we wish to table a question 

for later consideration: 

 

What large-scale gravitational effects can be associated with a spatial flat universe? 

  

http://www.mysearch.org.uk/website1/html/505.Evolution.html
http://www.mysearch.org.uk/website1/html/505.Evolution.html
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1.1.3.2 The Energy of the Universe 
 

In the following set of discussions, the intention is simply to explore a broad 

range of ideas encompassing the concept of energy. Some of these ideas may 

well be non-starters, as they are already contradicted by accepted theories, 

such as general relativity. However, there is possibly some value in challenging 

the accepted, at least to start with. However, we will start by stating that it is a 

fundamental principle of classical science that energy cannot be created or 

destroyed and when we look at the universe; energy seems to be an essential 

requirement to make anything happen. Clearly, on the cosmic scale, the 

amount of energy within the universe seems to be enormous. So the obvious 

question seems to be: 

 

Where did all this energy originate? 

 

All the energy we perceive in the world, and the stars beyond, is said to have 

once existed in the conceptually non-existence size of a singularity.  

 

Cosmic Singularity 

The singularity might be described as either a gravitational or 

spacetime singularity. It is point where the quantities used to define the gravitational field become infinite. These 

quantities are said to be scalar invariant curvatures of spacetime, but also appear to reflect the near infinite energy-

density of spacetime associated with a singularity. 

 

Stripped to its bare bones, the Big Bang theory suggests that this singularity contained the universe, which in accordance with 

quantum theory, is said to allow cosmology to extrapolate its model back towards 10
-43

 of the first second of existence, when 

the universe was just 10
-35

m in size.  

 

The Problem with Infinity 

Clearly, the concept of infinity is problematic to any cosmological model of the universe. Within the idea of a cosmic 

singularity, we have both the infinitely small in terms of size and the infinitely large in terms of energy-density. As such, 

we may come to question both notions and the common definition of a cosmic singularity. 

 

These scales do not really mean much in terms of human existence, so the following bullets try to give some initial perspective: 

 

 The Planck scale is over a billion, billion, billion times smaller than an atom, which is itself, less than a billionth the size of a 

pinhead.  

 

 A neutron star is one where the atomic structure of protons, neutrons and orbiting electrons has collapsed under 

gravitational forces to its proton density, i.e. ~10
17

kg/m
3
. At this density our sun would be reduced from over 1 million 

kilometres to just ten kilometres in diameter, which corresponds to a volume reduction of about 15 orders of magnitude.  
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 Based on the estimate of there being some 10
80

 particles in the visible universe, and using the radius of an electron, i.e. 

~10
-15

m, we might estimate the size of the visible universe made entirely of packed electrons. As such, the universe would 

now fit into our solar system. However, in contrast, the singularity reduced to the Planck scale would have still been some 

40 orders of magnitude smaller and have a density in the order of ~10
97

 kg/m
3
. 

 

It is clear that if the universe started out as a singularity, any concept we may have of physical particles could not have existed 

within this ‘speck’ of spacetime. As such, we would be forced to abandon the notion of physical particles for the moment and 

consider the universe only as some extreme form of energy. Of course, there is still the nagging question as to how the energy 

density of the singularity was created in the first place, but we might realise that this is the sort of question that science might 

still have to debate with philosophy and theology. 

 

Net-Zero Energy 

The idea of a net-zero energy universe comes out of quantum inflation and suggests that all that is needed is just a small 

quantum fluctuation to get things started. After which the universe then experiences inflationary expansion, but without 

creating any net energy. However, there appears to be an implicit assumption that 'our' universe exists within some 

larger definition of 'the' universe. 

 

1.1.3.2.1 Energy and the Singularity 
 

There is a suggestion in quantum theory that the singularity may have been formed as a ‘quantum bubble’ – see inflation 

model, which possibly required no net-energy. In this context, the conservation of energy may be considered in terms of an 

account ledger in which positive and negative amounts of energy have to be balanced. 

 
While not a part of any accepted model, some have speculated as to whether such an idea might help explain how the universe 

may have appeared out of nothing. Of course, you might still question how these quantum processes came to exist, even so, let 

us venture a little further into the realm of speculation and suggest that at the instant of the Big Bang, quantum energy pairs 

may have ‘somehow’ formed in great numbers, which then either separated into two universes, i.e. one positive and the other 

negative, or became absorbed as energy within a single universe. 

http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
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Energy & Thermodynamics  

The concept of energy can be elusive as it is 

perceived to exist in many forms, such as 

heat, light, chemical energy, and electrical 

energy. However, it might be argued that 

there are only 2 basic forms of energy, i.e. 

potential and kinetic. Irrespective of its 

form, energy has the ability to bring about 

change to a system and therefore do 'work'. 

In this context, we might describe 

'thermodynamics' as the study of energy. 

Given that there is no evidence to support an alternative negative energy 

universe, the current model of cosmology describes a process called 

`baryogenesis` in which virtually all antimatter in the universe was 

annihilated in the first second of existence. How the process of baryogenesis 

and inflation are linked is not fully understood, but after inflation, the 

current model assumes that the universe became a super-hot plasma in 

which matter and antimatter annihilated leaving only a net gain of 1 matter 

particle and 2 billion photons for every billion matter-antimatter particles 

lost in annihilation. As the universe continued to expand, it also cooled, such 

that today, the residual photon energy has become the Cosmic Microwave 

Background (CMB) radiation, which has a temperate of only 2.7K above 

absolute zero. 

 

So can all the energy be accounted for in the cosmic ledger? 

 

Unfortunately, the description of the universe in terms of quantum theory has raised its own set of problems. As early as 1900, 

Max Planck had derived a formula for the energy of a single vibrating atom: 

 

[1]       

 

Where [h] is Planck's constant, [f] is the frequency, [k] is Boltzmann's constant, and [T] is the absolute temperature in Kelvin. 

However, in 1913, this equation was revised by Einstein and Stern, which led to the idea of some form of residual energy that 

system must retain, even at absolute zero. 

 

[2]       

 

This residual energy has become known as ‘zero-point energy’ and suggests that any atomic system, even at absolute zero, 

retains energy of [½hf]. Subsequently, quantum theory has developed into several branches, such that the original description 

of zero-point energy, linked to the ground state of the system, has become subject to various interpretations. For example, in 

quantum field theory (QFT), the fabric of space is visualized as a field in which at every point in space and time retains the 

residual energy of [½hf]; however, this idea leads to the conclusion that the total energy of spacetime is essentially infinite. This 

also causes problems for cosmology based on the idea of relativity in which mass and energy are equivalent. As such, if zero 

point energy really exists, it should also exert a gravitational force, which conceptually might also be infinite, although this 

presupposes some form of centre of gravity. One possible, but not entirely satisfactory resolution of this problem is called 

‘renormalization’ that basically argues that only the differences in energy, which is physically measurable, need be accounted. 

As such, the implied ‘infinity’ is removed from the equations with a vague suggestion that a new type of physics is required at 

the Planck scale. 

http://www.mysearch.org.uk/website1/html/355.Quantum.html#Baryogenesis_10-35_seconds:
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
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Zero-Point Energy 

Is defined as the lowest possible energy 

state of a system, i.e. it defines the ground 

state. However, all quantum systems 

undergo fluctuations, even in their ground 

state, and therefore have an associated 

zero-point energy. 

Nullpunktenergie 

The concept of zero-point energy was 

developed by Albert Einstein and Otto Stern 

using a formula original developed by Max 

Planck. The term zero-point energy 

originates from the German word 

nullpunktsenergie. 

But do we really know whether the make-up of the universe is not still matter-antimatter symmetric? 

 

There is fairly overwhelming evidence that our local solar system is made 

of matter. Equally, cosmic ray samples from our own galaxy, the Milky 

Way, suggest an overwhelming predominance towards matter. For cosmic 

rays are not EM radiation like gamma ray, but rather high-energy particles, 

which originate outside the Earth's atmosphere and even beyond our solar 

system. Typically, the composition of cosmic rays is approximately 90% 

protons, 9% alpha particles, i.e. helium nuclei, and 1% electrons. The 

kinetic energies of cosmic ray particles span over fourteen orders of 

magnitude and originate from energetic processes on the Sun to the farthest reaches of the visible universe. As such, it might 

not be unreasonable to speculate that the ‘entire’ universe is predominately matter rather than antimatter; although we should 

probably replace the word ‘entire’ with ‘observable’. However, some people have suggested that anti-matter may form island 

universes, i.e. galaxies, within our own universe, which then avoid the annihilation between matter and anti-matter based on 

the speculation that anti-matter is gravitationally repulsive to matter and therefore naturally segregates these two opposing 

forms of matter-energy. Alternatively, the anti-matter and matter may have segregated into different regions within the 

expanding quantum bubble, which now exist beyond our perception of the visible universe. Of course, all this is just speculation 

and, in this respect, the previous diagram is simply an initial visualisation of a process that would account for the conservation 

of net-zero energy within our universe, even though there is currently no substantial evidence to support the idea that the 

universe will ever collapse back into the `Big Crunch`. On a more basic level, one of the problems of energy is that we often 

visualise it as some sort of fuel, i.e. it has some form of substance. At this point, reference can be made to the discussion of 

‘Energy and Force’ within the ‘Classical Physics’ section of this website. However, the definition of energy can appear elusive, 

even when considered in terms of its basic units: 

  

 [3]         

 

The second expression of units in brackets above reflects the association 

between energy and force, which is closely linked to the concept of `work`; 

while the last expression reflects energy as mass*velocity
2
, which embodies 

the concept of kinetic energy. However, work and energy are not always 

equivalent, as work is only referring to a process of energy transfer and not 

all energy translates into work, as according to the 2nd law of 

thermodynamics, there is always some part of the energy of a system that 

cannot produce work. One unit that consistently appears in all definitions is 

mass [kg] and Einstein's famous equation [E=mc
2
] seems to support the notion that energy is associated with matter, which 

possibly explains why energy is often thought to have substance.  However, in almost complete contradiction, Planck’s equation 

[E=hf] suggests that energy can exist independently of mass. As such, it may be more productive to consider energy simply 

reflecting the state of a system and, through this abstraction; we might possibly associate the concept of energy with the laws 

of thermodynamics: 
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Vacuum Energy  

Is usually defined as the zero-point 

energy of all fields in empty space. 

According to the standard model, 

this includes electromagnetic fields, 

gauge fields, fermionic fields and the 

Higgs field. In quantum field theory, 

the vacuum is not defined as empty 

space, but rather the ground state of 

the fields mentioned above. 

However, in cosmology, vacuum 

energy can also be described in 

terms of the cosmological constant 

and dark energy. 

 1st Law - Conservation of Energy  

If the state of a system is changed by applying work or heat or both, then the change in the energy of the system must 

equal the energy applied, i.e. dE=Q+W, if it is to align to the principle that energy cannot be created or destroyed.  

 

 2nd Law - Tendency toward Equilibrium  

The total entropy of any isolated thermodynamic system tends to increase over time. Basically, it places constraints upon 

the direction of heat transfer. If the state of a system is changed, but the entropy is not changed, i.e. dS=0, the process is 

reversible. However, most processes are not reversible and entropy generally increases and suggests that the universe 

may be constantly moving towards a less dynamic state.  

 

 3rd Law - Absolute Zero  

In essence, as the temperature of a substance approaches absolute zero, the entropy also approaches zero, but note that 

quantum theory doesn't allow it to reach absolute zero. 

 

A note of caution might also be necessary at this point with respect to applying the 1st and 2nd laws above to the 

universe as a whole. Within the general concept of entropy, a system can lose energy to another system, but if the 

universe is a closed system, i.e. nothing else exists, where does the energy go and is it destroyed? 

 

However, for now, let us assume that the conservation of energy is maintained and 

ignore the implications that general relativity might have on the idea of potential 

energy by simply assuming that the energy state of any system can be described in 

terms of just two forms of energy, i.e. its kinetic energy (Ek) and its potential energy 

(Ep). As such, we shall define kinetic energy in terms of motion, while potential 

energy is associated with a position within a field, e.g. gravity. Without belabouring 

the details, we are assuming that all other forms of energy can be translated back 

into either of these two basic forms. So, let us start with kinetic energy: 

 

[4]           

 

This equation is actually only an approximation - see 4-Vector, which indicates that 

the energy of motion is proportional to mass times velocity squared. However, from 

a practical perspective, it is difficult to infer any physical meaning from the square of 

the velocity. Therefore, other than a general notion that the mass is moving, the equation does not necessarily provide any 

further insight. Unfortunately, the ambiguity of the energy involved only seems to get worst when we extend [4] to account for 

relativistic velocity. In contrast, we might best describe potential energy (Ep) in the form of the example of a held pendulum, 

which is said to have potential energy [Ep=mgh], but because it is not moving, no work is being done and the normal 

implications of energy may not be apparent. For example, while sliding a heavy pile of book off a table and carrying then across 

the room, at the same height, implies no work energy is expended with respect to the force of gravity. Of course, a book laden 

librarian might disagree with this conclusion. Another point of issue is that potential energy has to be associated with a system 

of two or more objects, never with a single particle. Therefore, while we have notionally discussed the concept of an object 
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being gravitationally attracted to the centre of mass of a homogeneous volume of space within the context of Newton’s shells , 

this centre might actually represent the collective force of gravitation associated with every other particle in the universe. With 

these caveats in mind, it would seem that the conservation of energy might be applied within a given frame of reference, if we 

know the scope of the system in question. For example, the kinetic energy of a moving object depends on its velocity within a 

given frame of reference. In another frame of reference, the velocity of the object might be perceived to be zero or near light-

speed. As the relative speed of an object, with respect to the observer's frame of reference, approaches the speed of light, the 

kinetic energy of the mass approaches infinity. 

 

But does it really make sense to always think of energy as a relative 

quantity? 

 

1.1.3.2.2 Energy, Gravity and Expansion 
 

In the previous discussion, the very speculative idea of the universe 

expanding from a quantum bubble was outlined. While this quantum bubble 

might be assumed to have net-zero energy, it would still appear to contain 

vast amounts of positive and negative energy, albeit in equal quantities. 

 

But how might we interpret negative energy? 

 

Well, potential energy might be described as a form of negative energy. For example, imagine a universe with just two masses 

[M, m], where the smaller mass [m] is initially positioned at a great distance from [M], i.e. nearly infinite. We have already 

established the following Newtonian equation that defines the gravitational potential energy as a function of its radial distance 

[r]: 

   

[1]         

 

Let us assume that the initial state of a system places the mass [m], with zero velocity, at a near infinite distance from [M]. 

Therefore, this system has zero kinetic energy and, according to [1], it has virtually zero potential energy [v]. However, we 

might still describe the energy state of this system as the point of maximum potential energy; for despite the implication that 

this system has virtually no energy, mass [m] would slowly start to accelerate under the small residual force of gravity towards 

mass [M]. As it does so, it might be said to acquire positive kinetic energy by virtue of its velocity [Ek= ½mv
2
], which is being 

offset by an increasing quantity of negative potential energy, as defined by [1]. Within this system, we have conserved energy 

by introducing the idea of negative potential energy to offset the apparent increase in positive kinetic energy. In essence, we 

have what might be described as a closed system that has net-zero energy in which no energy enters or leaves the system, but 

which does work, as related to energy. Of course, you might well question the premise of this conceptual model by inquiring as 

to how long did it took mass [m] to get to a near infinity distance, which is also relevant to the propagation of the gravity force, 

if restricted to [c]. While we might wish to ignore such details for now, we might need to reflect on such issues when 

considering the next question. 

 

Does this really help describe the energy processes within the universe? 

http://www.mysearch.org.uk/website1/html/350.Shells.html
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Basic Issue: 

What is the universe 

expanding into? 

Typical Answer: 

As far as we know, the 

universe isn't expanding 

"into" anything. When we 

say the universe is 

expanding, we have a very 

precise operational concept 

in mind: the amount of space 

in between distant galaxies is 

growing. However, individual 

galaxies are not growing, as 

they are bound together by 

gravity. But the universe is all 

there is, so there's nothing 

outside into which it could be 

expanding. This is hard to 

visualize, since we are used 

to thinking of objects as 

being located somewhere in 

space; but the universe 

includes all of space. 

Through mechanisms that are not necessarily understood, the universe is said to have 

expanded over a period of some 13.7 billion years to its present size, although there is no 

real estimate of what its total physical size might be. Normally, the laws of physics require 

any movement of mass to involve energy and while energy is normally said to be a 

conserved quantity, it can be converted in-line with the 2nd law of thermodynamics. 

However, as previously pointed out, energy can be lost to a system, if that system is not 

closed; therefore we possibly need to consider two basic energy options: 

 

 The expanding universe is a closed system that conserves energy. 

 The expanding universe is an open system that can acquire and lose energy. 

 

Within the general constraints of basic cosmology, the universe was originally described to 

have begun as a singularity, although this is a concept that is difficult to reconcile with 

quantum physics. As such, it is simply a conceptual premise from which we might make one 

of 3 assumptions about the universe: 

 

 It is a closed system that contained all the energy from the outset. 

 It is a closed system that operates as per some net-zero energy process 

 It is an open system that acquires energy from some unknown source 

 

The subsequent process of the universe expanding from an initial energy state defined by 

the singularity into 4-dimensional spacetime is sometimes described in terms of ‘cosmic 

inflation’ in which the universe is thought to have undergone a process of extreme 

exponential expansion, i.e. by a factor of 10
78

 in volume in a period of time between 

10
−33

 and 10
−32

 of the first second of existence. As a very broad generalisation, the 

current concordance model theorises that inflation was driven by the negative-pressure of 

the vacuum energy density. At this stage, we are simply describing the ‘vacuum energy’ as 

some form of underlying quantum energy. 

 

But where does the quantum energy come from? 

 

In truth, nobody really knows the answer to this question, so let us consider the possibility of whether or not our present 

perception of universe really does define the totality of existence. If there is more to the universe than ‘meets the eye’, it may 

then seem more reasonable to ask whether our local universe is part of a larger open system. Therefore, in the present context, 

we are using the term ‘open system’ as one in which the energy within the known universe may exchange energy with other 

systems within a wider universe, which are not yet understood. As such, we might generalise and simplify the discussion to 3 

types of energy: 

 

 Vacuum energy that causes expansion 

 Potential energy that may cause contraction 

 Kinetic energy that results from motion 

 

http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
46 of 392 

 

Within the scope of this speculative discussion, we might assume that some form of inflationary process, driven by vacuum 

energy, expanded the universe from the singularity to a size that allowed the temperature to fall from millions of degrees to 

approximate 3000K. At this temperature, photons within the primordial plasma ceased to have enough energy to stop atoms 

from forming, which prevented the earlier universe from creating any complex atomic structure. This point in the expansion of 

the universe is often referred to as ‘de-coupling’ and is assumed to have occurred after approximately 400,000 years of elapsed 

time. By way of a cautionary note at this point in the introduction, the original Big Bang model did not include any inflationary 

process, which was only initially outlined by Yakov Borisovich Zel'dovich, in the 1970’s, and then followed up, in 1980, by Alan 

Guth, who coined the terms ‘inflation’. The following quote is taken from a lecture given by Alan Guth: 

 

“Modern particle theories predict that, at very high energies, there exists a form of matter that creates a gravitational 

repulsion! Inflation proposes that a patch of this form of matter existed in early universe; it was probably more than a 

billion times smaller than a single proton! The gravitational repulsion created by this material was the driving force 

behind the Big Bang. The repulsion drove it into exponential expansion, doubling in size every 10
-37

 second or so! The 

density of the repulsive gravity material was not lowered as it expanded! Although more mass/energy appeared 

repulsive-gravity material expanded, total energy was conserved! The energy of a gravitational field is negative! The 

positive energy of the material was compensated by the negative energy of gravity. The repulsive-gravity material is 

unstable, so it decayed like radioactive substance, ending inflation. The decay released energy which produced ordinary 

particles, forming a hot, dense ‘primordial soup’. Inflation lasted maybe 10
-35

 second. At the end, the region destined to 

become the presently observed universe was about the size of a marble. The ‘primordial soup’ matches the assumed 

starting point of the standard Big Bang. The region continues to expand and cool to the present day.” 

 

While the details of the ‘concordance model’ will be the subject of a subsequent section, it might be said that they are 3 basic 

phases of expansion, which need to be explained and justified: 

 

1. Cosmic Inflation in the 1
st

 second 

2. The first 7 billion years 

3. The next 7 billion years 

 

According to Guth’s description, cosmic inflation is assumed to have existed only for an incredibly small fraction of the first 

second of existence of the universe. It then states “the region continues to expand and cool to the present day” without 

indicating how or why the expansion continued given that the ‘repulsive-gravity material’ is thought to have decayed within the 

1
st

 second and so ending inflation. As far as it is understood, there is no clear explanation as to what caused the universe to 

continue to expand for the first 7 billion years in the absence of any alternative negative pressure existing as a sufficient 

percentage of the overall energy-density; although the inertia of space is often introduced at this point. Only after the first 7 

billion years does the speculative inclusion of ‘dark energy’ grow to a level where it may account for the accelerated expansion 

of the universe. Equally, while it may be assumed that the expansion of the universe is decelerating under the influence of 

gravity, it is difficult to reconcile this process without the universe having some form of gravitational centre. It should also be 

highlighted that the idea of dark energy maintaining its energy-density under expansion is also difficult to reconcile within the 

conservation of energy of a closed system, as the overall energy of the universe would have had to increase by a factor of 2.7 

over the last 13.7 billion years. Therefore, at this point, we may wish to question the fundamental premise of the expansion 

model: 

 

http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:
http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
47 of 392 

 

Did the expansion of the universe decelerate as a result of gravity or a lack of a sufficiently powerful expansive pressure acting 

on the fabric of space? 

 

In order to consider this question, it might be useful to again return to the speculative idea of a homogeneous universe of finite 

size, which has a centre of mass [M], as alluded to within the previous discussion of Newton's shells. 

 

Note: the purpose of pursuing the Newton Shell model is not based on any conviction that it is correct, but more because 

it allows certain facts and figures to be introduced, which may be a useful cross-reference in later discussions. However, 

the fact that it might also facilitate some ‘out-of-the-box’ thinking is not necessarily a bad thing! 

 

For the purposes of this discussion, we shall basically be using data reflective of the present state of the universe, which aligns 

to the accepted cosmological model. However, we will then introduce the speculative idea that a finite homogeneous universe 

may have some sort of centre mass. As indicated, the inclusion of this idea is simply to allow some comparison with respect to 

the speculative existence of a centre of mass within the universe. 

 

 
Masses [M/m] Radius [r] Volume [V] Density [ r ] 

1kg 1 1.00E-02 4.19E-06 2.39E+05 

Earth 6.02E+24 6.39E+06 1.09E+21 5.51E+03 

Sun 1.94E+30 1.50E+11 1.41E+34 1.37E-04 

Galaxy 1.94E+41 4.71E+20 4.39E+62 4.42E-22 

Universe 8.58E+52 1.30E+26 9.23E+78 9.50E-27 

 

The data in table above aligns to SI/MKS units and provides some key information about the objects to be considered. The data 

associated with the first three mass objects in the table can be cross-checked against any standard source. The mass of the 

galaxy listed is reflective of the Milky Way, which is estimated to have in the order of 100 billion sun-like stars and to be some 

100 light-years in diameter. Later, we may have to question this estimate, which is only based on visible star mass.  In contrast, 

the mass of the universe is calculated from the present-day critical density multiplied by the volume of the visible universe, i.e. 

a radius of 13.7 billion lightyears. While it is known that the physical universe is much bigger than the visible universe, the data 

being provided is only intended as a basic framework. Equally, the mass [M] associated with Newton’s shell is defined by the 

radius at which the object, i.e. mass [m], is placed in the universe and not the actual radius of the universe itself. As such, the 

figures in the table above broadly align with the accepted data of the current cosmological model. 

 

Mass [M] Mass [m] Radial [r] Force [F] Gravity [g] Potential [U] 

Earth 1kg 6.39E+06 9.83E+00 9.83E+00 -6.28E+07 

Sun Earth 1.50E+11 3.48E+22 5.78E-03 -5.21E+33 

Galaxy Sun 2.83E+20 3.14E+20 1.62E-10 -8.87E+40 

Galaxy Galaxy 2.36E+22 4.52E+27 2.33E-14 -1.06E+50 
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Outstanding Issue 

Might we question the scope of the 

"as far as we know" inference in the 

previous answer? By this argument, 

we might reasonably say that "as far 

as we know" our local universe might 

be part of a larger universe. 

Based on the data in the first table, the gravitational force [F], acceleration [g] and potential [U] can be calculated for the 

various pairings shown in the table above using the following equations, while the potential was calculated using [1]: 

  

 [2]         

 

The galaxy/Sun pairing is calculated for our sun’s radial position of ~30,000 lightyears within the Milky Way. While the 

galaxy/galaxy pairing is calculated using the 2.5 million lightyear separation between the Milky Way and Andromeda galaxies, 

which are assumed to have the same approximate mass. Again, the figures in the table above are broadly in-line with accepted 

data. 

 
Centre of Mass [M] Orbiting Radial [r] Velocity Kinetic 

Sun 1.94E+30 Earth 1.50E+11 2.94E+04 2.60E+33 

Galaxy 1.94E+41 Sun 2.83E+20 2.14E+05 4.44E+40 

 

The table above now reflects the kinetic energy linked to the orbital velocity [v] required to maintain a stable orbit by creating a 

centrifugal force that acts in opposition to the gravitational force. The velocity is calculated using the following equation: 

 

  [3]         

 

It might be noted that the kinetic energy calculated in the table above is only half 

the value of the potential energy in the previous table. While this may seem 

strange, it reflects the fact that a stable orbit exists with the gravitational 

potential well of mass [M], such that the total energy of the system is negative, 

i.e. Et=Ep+Ek. The actual proof of this statement can be found under ‘Gravitational Potential’. Any model based on [3] does not 

account for any relativistic correction or for any gravitational anomalies within galaxies, which are thought to require the 

introduction of dark matter. 

 

 

Centre of  

Mass [M] 
Orbiting Velocity 2πr Period (yrs) 

Sun 1.94E+30 Earth 2.94E+04 9.40E+11 1.01E+00 

Galaxy 1.94E+41 Sun 2.14E+05 1.78E+21 2.64E+08 

 

The table above is primarily for cross-reference and simply shows the orbital time periods for the previous examples. We might 

obviously recognise the period time of 1 year for the Earth to orbit the Sun, while our solar system orbits within the Milky Way, 

once every 264 million years based on the simplistic assumptions made. 
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Nature of Expansion 

Observational evidence suggests that the Big Bang 

cannot be described as an explosion that happened 

at some particular point in space. As such, it is 

assumed that the entire universe came into 

existence and expanded at every point all at once, 

i.e. each unit volume of space expanded and 

continues to expand. 

1.1.3.2.3 Speculative Centre of Mass 
 

In the previous discussion, all the information provided was broadly consistent with the accepted model of cosmology. 

However, to consider the implications of the universe conforming to a model described by Newton’s shells, we need to 

calculate the effective mass [M] of the universe within the shell of radius [r]. Note, everything outside this radius is assumed to 

act as a shell of potentially infinite thickness, which has no net gravitational effect on anything inside. On this cosmic scale, we 

will consider a galaxy represents the smaller mass [m]. As such, the following table calculates the effective mass [M] as a 

function of the radial distance of mass [m] from the centre of gravity of a conceptual universe in-line with Newton’s shells. As 

such, our local universe might be described as some finite volume of space of homogeneous density, which exists within some 

larger infinite universe. 

 

% Mass [M] Galaxy [m] Radius [r] Force [F] Gravity [g] Potential [U] 

20% 6.86E+50 1.94E+41 2.58E+25 1.33E+31 6.86E-11 -3.44E+56 

40% 5.49E+51 1.94E+41 5.17E+25 2.66E+31 1.37E-10 -1.37E+57 

60% 1.85E+52 1.94E+41 7.75E+25 3.99E+31 2.06E-10 -3.09E+57 

80% 4.39E+52 1.94E+41 1.03E+26 5.32E+31 2.74E-10 -5.50E+57 

100% 8.58E+52 1.94E+41 1.29E+26 6.65E+31 3.43E-10 -8.59E+57 

 

The [%] figure in the table above defines various distances of our hypothetical galaxy of mass [m] as a function of the radius of 

the visible universe. 

 

Note: Given that it is highly unlikely that we are at the centre of the physical universe, the use of the radius of the visible 

universe [r=c/H]  should be seen simply as a starting point for comparison with previous data. In practice, it is much 

more likely that what we perceive as the visible universe exists within a large energy-density bubble universe, which in 

turn exists within a conceptually infinite quantum universe - see the discussion 'Cause of Expansion' for further details of 

this speculative idea based on the 'Inflation Model'. 

 

The force [F], acceleration [g] and potential [U] are all calculated 

using the equations below: 

 [1]     

 

While the figures for these variables appear to broadly align to those in the previous tables, the interesting point to note is that 

all these quantities fall with decreasing radius and not increasing radius. For while [F] and [g] are still subject to the inverse 

square law of the radius [r], the mass [M] contained within this radius falls faster as a function of volume, i.e. [4/3πr
3
]. 

 

So what implications are being suggested? 
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Let us consider the gravitational acceleration [g] of a galaxy of mass [m], which has a radial position that is 20% of the radius of 

the visible universe, i.e. 2.58*10
25

metres or 2.74 billion lightyears. According to the table above, the galaxy mass [m] would be 

subject to an acceleration of 6.86*10
-11

 m/s towards the centre of mass [M]. However, unlike normal gravitational systems, this 

acceleration would decrease as the galaxy fell towards the centre of mass [M] rather than increase. Of course, we might also 

wish to initially consider the implications of this galaxy being subject to some balancing centrifugal force of rotation within the 

local universe that maintain a stable orbit radius. 

 

% Radial [r] Orbital [v] Kinetic Expansion [v] 

20% 2.58E+25 4.21E+07 1.72E+56 5.97E+07 

40% 5.17E+25 8.42E+07 6.87E+56 1.19E+08 

60% 7.75E+25 1.26E+08 1.55E+57 1.79E+08 

80% 1.03E+26 1.68E+08 2.75E+57 2.39E+08 

100% 1.29E+26 2.10E+08 4.30E+57 2.98E+08 

 

The table above provides the data for a stable orbit, where the kinetic energy is again half that of the potential energy 

for reasons already outlined. Of course, there is no specific reason to assume that the galaxy [m] is in stable rotation within the 

local universe, particularly in view of the fact that it would seem to be ineffective in comparison to the effects of expansion. The 

final column of the table above introduces another factor linked to the expansion of the universe, which was previously 

discussed under ‘Redshift and Hubble's Law’ as an equation of the following form: 

 

[2]       

 

While [H] was initially described as Hubble’s constant, it is in fact a variable of time. Today, the value of [H] can be translated 

into an expansion velocity of 3.31*10
-18

metres/second per metre, although this figure would have been much, much higher in 

the earlier universe, when the density was also proportionally higher. The next table simply combines two columns from the 

previous tables such that we can now compare the values of the acceleration due to gravity with the velocity due to expansion: 

 

% Gravity [g] Expansion [v] 

1% 3.43E-12 2.98E+06 

20% 6.86E-11 5.97E+07 

40% 1.37E-10 1.19E+08 

60% 2.06E-10 1.79E+08 

80% 2.74E-10 2.39E+08 

100% 3.43E-10 2.98E+08 
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This table has included an addition row showing the radial value of 1% in order to highlight the fact that acceleration due to 

gravity [g] would fall as a function of decreasing radius within this model, as does the recessional velocity [v]. It is also worth 

noting that the recessional velocity [v] equals the speed of light [c] at the radius of the visible universe. However, the key point 

is that the pull of gravity loses out to expansion within this model, although we have not explained why this model universe is 

expanding. In fact, the expansion velocity [v] has simply been calculated based on the present-day value of the Hubble 

constant, i.e. v=Hr, where [r] is the radius of the galaxy mass [m]. In this case, the value of [H] is based on the assumptions 

underpinning Hubble’s law and the issues associated with redshift measurements. 

 

What about the rate of expansion as a function of time? 

 

This question is really touching on the topic of another discussion - Equations of Cosmology, but one of the reasons for 

producing the previous tables is that the expansion of space only seems to be effective on a certain scale of the universe. For 

example, the expansion of space does not seem to affect the size of atoms, planets or even galaxies, only the distance between 

galaxies. 

 

Why is this so? 

 

Well, we could assume a process, analogous to continental drift, in which space is expanding along the `seams` that separate 

galactic islands. While we would have to transpose a 2D surface concept into a 3D volume concept, we could speculate that 

dark energy, with negative pressure only exists in the empty space between the galaxies, therefore expansion only takes place 

along certain 3D ‘fault lines'. This may possibly account for the integrity of some of the older, large-scale structures within the 

universe. 

 

However, would the density of dark energy not have to be relatively uniform in order to account for the near linear expansion of 

Hubble constant? 

 

At this point, we might wish to consider the principle of 'Occam's Razor` and take a more obvious approach in which space 

expands uniformly, but some objects retain their original size because the force of expansion is overcome by the attractive 

forces, which binds these objects together, i.e. strong nuclear, electromagnetic and gravity. In this context, the strong nuclear 

force would only applied to sub-atomic structures, while the electromagnetic force would operate on the level of atomic and 

molecular structures. However, neither of these forces appears to operate on the level of a charge neural universe. This only 

leaves gravity to account for the structural integrity of the larger objects within the universe, which includes solar systems and 

galaxies, which are apparently also unaffected by cosmic expansion. In this context, some of the figures in the previous tables 

seem to support the idea that the effects of gravity are smaller between galaxies than between solar systems within galaxies. 

 

If so, does this give some clue to the strength of the force of expansion? 

 

It should be noted that cosmologists appear to stress that it is inaccurate to imagine the Big Bang as an explosion in which all 

the particles gain kinetic energy and continue to expand outwards due to momentum. As such, kinetic energy is really 

describing a process of moving a mass through space, not the expansion of space itself. Therefore, if the very fabric of space is 

expanding, this seems to be more analogous of the action of a pressure, i.e. 
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Occam's Razor  

Can be described in terms of either the law 

of parsimony or the law of economy or the 

law of succinctness. It is a principle that 

generally recommends selecting the 

hypothesis that makes the fewest new 

assumptions, when other hypotheses are 

equal in all other respect 

[3]       

 

However, if this expansion is still occurring, and possibly even accelerating, 

the `dust` density of the present era does not seem to provide the answer, as 

its pressure is effectively zero. Therefore, it would seem that the original 

cosmological model had to be extended to include some form of dark energy, 

which has the attribute of negative pressure, in order to address some of the 

issues outlined. Whether this is the actual answer, only time and further 

observational evidence will tell. Of course, the other way pressure can inflate 

a bubble is if the pressure outside is less than the pressure inside, but 

apparently there is no outside in the case of the universe, or is there? 

 

1.1.4 Summary-1: Scope of Models 
 

While the discussion of some basic cosmological concepts has tried to 

constrain the debate to just the scientific arguments, it is clear that any 

discussion concerning the nature of the universe has the scope for wider 

philosophical questioning. In some ways, science is often constrained to limit 

its questions to `how` things happen, whereas philosophy can question `why` 

things happen and generally people are searching for answers to both types 

of questions. If human intelligence cannot be defined in terms of logic alone, 

as our actions are often motivated as much by emotional-intuition, then the 

following question may not be so out of context: 

 

What does your intuition tell you about the universe? 

 

Up until the 20th century, it was commonly believed that the universe was infinite, in both time and space, but subsequently 

the concept of an expanding universe has become more widely accepted, although it is not without its critics. However, in some 

ways, both perspectives strain our emotional intelligence . In the former, the concepts of infinity and eternity are essentially 

beyond the scope of human experience, and possibly even our imagination, to conceive. 

 

Even if science allows space to be wrapped back on itself, does this really helps our senses to visualise a universe beyond which 

nothing else exists? 

 

If we take the opposite approach and assume a finite universe, are we not still left with the nagging doubt as to what, if 

anything exists outside its finite boundary, as the concept of ‘absolute nothing’ is equally difficult to imagine. However, the 

concept of the universe being finite in time leaves us having to face up to problem of the universe being created, aging and 

possibly even eventually dying. 
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Consistency would suggest that the opposite of creation is destruction, while dying is the opposite end of the scale to birth, so 

why mix the two concepts? 

 

Creation and destruction are the semantics of non-living systems, while birth and death are processes we associate with living 

systems. The definition of what constitutes a living and non-living system can be surprisingly difficult – see Biological Life. Some 

have tried to condense the attributes of a living system into the following terms: 

 

A self-organised, non-equilibrium system, governed by an internal program, which can reproduce itself. 

 

Personally this description appears woefully inadequate to describe any living system, but the question is really whether any of 

these attributes are applicable to the universe itself. For example, scientific papers have been published suggesting the 

possibility that the universe can give `birth` to `baby` universes. Yes, it is accepted that there may have been no intention to 

suggest that the universe was a living system, but it still tends to invoke an anthropomorphic view of the universe, which may 

appeal to some people. However, let us constrain our thinking more along the lines of the anthropic principle, which although 

not necessarily suggesting the universe is a living system, does suggest that the universe may be the result of some conscious 

intelligence or design. In this context, we might outline four distinct options to underpin a range of cosmological models: 

 

Options Infinite Finite - Scope 

Conscious Intelligence Model-1 Model-2 - Why 

Cause & Effect Model-3 Model-4 - How 

 

Rather than confusing the discussion with the concept of living or non-living systems any further, these options will be 

described in terms of the universe being driven by some form of conscious intelligence or alternatively by the rules of cause and 

effect. While this approach is not intended to be a rigorous analysis of all the possibilities, it is hopefully sufficient to outline the 

main points of the debate: 

 

 Model-1: Infinite & Conscious 

Certainly, this model could be aligned to any number of theological positions in which an eternal deity is the conscious 

intelligence behind the universe. Humanity may look to the deity to explain the purpose of its existence, assuming that 

humanity does have a purpose within the grand scheme of things.  

 

 Model-2: Finite & Conscious 

This model might be described as a more philosophical position as it would be problematic to many theologies because it 

suggests that the god-like intelligence may not be eternal, i.e. God is the universe, so if the universe dies, so does God. 

Equally, the question as to what exists before and after the demise of this universe remains unanswered. Even so, 

humanity may still look to the finite god-like intelligence to help explain the purpose of its own existence. 

  

 Model-3: Infinite & Mechanistic  

In a sense, the scope of this model is only addressing `how` the universe might work and is not in a position to question 

'why'. As Aristotle argued nearly 2500 years ago, cause and effect ultimately leads to an unanswered question about the 
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form of the `prime mover`, although the probabilistic nature of quantum mechanics might question the determinism 

of 'cause and effect' as outlined. Even so, humanity would be left to speculate or define its own purpose for existence.  

 

 Model-4: Finite & Mechanistic  

This model is possibly the closest to the scientific position; although it rarely presented in this way. The universe is finite 

and science seeks to explain every effect through a series of causes, compliant with the accepted laws of physics. In this 

case, the prime mover might be described in terms of the `big bang`, before which science can only speculate on the 

meaning of 'absolute nothing'. Again, the ultimately purpose of the universe and existence is simply not addressed and 

therefore unresolved. 

 

So to summarise, it is in the scope of models 1 & 2 to ask `why` questions, even though there may be no way for science to 

verify the conclusions. As such, model-1 may be considered to be the primary domain of theology, while philosophy may be 

better equipped to speculate on the implications of model-2. By definition, models 3 & 4 are constrained by cause and effect 

and if science seeks to remain agnostic, as to why the universe exists, it may only be able to legitimately seek answers to `how` 

the universe came to exist. Today, the standard model of cosmology is leaning towards model-4, although it is possible that the 

internal geometry of space is still open to further speculation, as to whether it is finite or infinite. Even so, cosmology appears 

to have concluded that the age of the universe, within the concept of the Big Bang, is finite at some 13.7 billion years; although 

whether this generalised concept defines the true scope of the universe may still be debated. However, while science may 

continue to address some aspects of our logical curiosity, it is unclear whether our emotional intelligence can be completely 

satisfied, if the scope of questions are constrained to just the ‘how’, as we clearly still want to ask 'why'. As a gut-feel, it may not 

be possible for humanity to truly understand the 'purpose' of the universe, especially if there is none, therefore the more 

relevant question might be: 

 

Will humanity come to define its own purpose and, and in so doing, define the scope of a reality that is not necessarily defined or 

constrained by the physical universe? 
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Albert Einstein  

“Unthinking respect for authority is the 

greatest enemy of truth.” 

Leonardo da Vinci   

Anyone who conducts an argument by 

appealing to authority is not using his 

intelligence; he is just using his memory. 

1.2 The Weight of Authority 
 

In the first section of this discussion, we have simply undertaken a basic 

‘duty of inquiry’ into some of the basic concepts and implications 

underpinning the standard cosmological model. While humanity has always 

had an interest in the stars, we might trace the roots of 'modern' 

cosmology back to the publication of Einstein’s general theory of relativity in 1916. At this point, the model began to change 

from an infinite and static universe to one that was finite and dynamic. 

 

 
 

Today, the consensus or weight of authority appears to support the model of 

a finite and dynamic universe, at least, as understood within the scope of the 

Big Bang Model; although a number of caveats and modifications have been 

made to this model along the way. 

 

 In principle, general relativity is said to explain how the gravitational effects of the energy-density of the universe 

results in the spacetime geometry of the universe.  

 

 At the largest scale, the cosmological principle assumes the energy-density of the universe to be both homogeneous 

and isotropic.  
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Olbers’ Paradox 

In the 19th century, an astronomer named 

Heinrich Olbers stumbled on a contradiction 

that could not be easily explained: why 

doesn't the night sky look uniformly bright? 

A sky that is uniformly bright would appear 

to glow, yet our night sky appears black with 

a scattering of stars, planets, and galaxies 

dotting the observable sky. 

 Einstein originally thought the universe was essentially a static system, which required a constant to be added to the 

model in order maintain the static state, which became known as the cosmological constant [Λ].  

 

 Einstein later accepted that a static and homogeneous distribution of galaxies would be inherently unstable, i.e. the 

universe as a thermodynamic system must either expand or contract.  

 

 Today, the cosmological constant [Λ] is still in used, but it is now often interpreted in the context of a vacuum energy 

density, which is sometime thought to manifest itself as dark energy.  

 

 Contrary to its name, the Big Bang does not describe the expansion of the universe in terms of something that can be 

liken to an explosion. Therefore, it is difficult to understand how the continued expansion of the universe was initially 

explained.  

 

So, in brief, this is the starting point for the next stage of the discussion. As 

indicated, Einstein’s matter-dominated universe required the cosmological 

constant [Λ] in order to maintain a static universe. However, this model 

was only metastable, as any perturbation would cause either collapse or 

expansion. In contrast, another model known as the ‘deSitter’ model 

considered a conceptual universe with no matter, only the cosmological 

constant [Λ], which led to a run-away exponential expansion. Finally, in the 

same basic timeframe as Einstein and deSitter, Alexander Friedmann’s 

found a solution within general relativity, which suggested a model 

inclusive matter and radiation that could be extrapolated back in time 

towards a singularity of infinite density. As alluded to by Olbers’ Paradox, a homogeneous, but unchanging universe would 

cause every line of sight to end on a star and result in the night sky being as a bright as the surface of the Sun. As such, the idea 

of a static universe was rejected in favour of an expanding universe, e.g. de Sitter and/or Friedman models, which were thought 

better able to explain the observed dark night sky. 

 

But why is reference to the ‘deSitter’ model required in a universe that is known to contain matter? 

 

Although, much of the next section of the discussion will focus on the Friedmann model, the mass-energy density of an 

expanding universe has led to the idea that normal matter now only accounts for 4% of the observable universe. Equally, if the 

universe continues to expand, the figure of 4% will continue to fall towards zero, see cosmic calculator for details, such that the 

dominant energy density of the universe will be eventually defined by only the cosmological constant [Λ] or what is also known 

as dark energy. Therefore, such a universe would approach the description of the deSitter model. However, before we become 

too attached to any of these models, we need to consider the weight of authority, and evidence, which underpins the current 

accepted model of cosmology. 
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1.2.1 The Equations of Cosmology 
 

It is going to be initially suggested that the weight of authority underpinning modern cosmology rests on just 3 equations and 1 

metric of expanding space. The formal derivation of these equations is said to be grounded in the general theory of relativity, 

which is based on a set of nonlinear partial differential equations. Unfortunately, these equations are complex and not easy to 

solve or understand, although it is worth highlighting that in weak gravitational fields and at relatively low speed, general 

relativity is required to converge to the same basic results of Newton's law of universal gravitation . 

 

 
 

In some ways, this leaves the door open to a more ‘classical’ discussion of the equation of cosmology, which might be of benefit 

in terms of understanding some of the basic assumptions that now underpin much of accepted cosmology. Of course, those 

already well versed in the mathematics of general relativity may question the validity of some of the following discussions, 

especially where some of the accepted conclusions of modern cosmology might appear to be challenged, e.g. 

 

To what extent is the mathematics of general relativity like a computer program, i.e. garbage in, garbage out? 

 

While it is admitted that any authoritative discussion of the mathematics associated with general relativity is still beyond the 

ability of this website, an introduction to this subject is provided under the heading of ‘Overview of GR Mathematics’. However, 

the question above is not actually challenging the mathematics, as it is only attempting to highlight that logic driven by 

mathematics is still dependent on the assumptions made about the physical laws at work within the universe, not only in the 

present era, but across all of time. For example, 

 

Did the universe expand in accordance with the conservation of energy?  

Did the universe expand in accordance with the accepted laws of thermodynamics?  

Did the universe expand into existing space or did space itself expand?  

Could the universe have a centre of gravity? 
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Friedmann Equation 

This equation was developed in the 1920's 

by Alexander Friedmann and is said to 

describe a dynamic, expanding universe. In 

the same timeframe, Einstein, deSitter and 

Lemaitre were also working on equations to 

model the universe. However, it was 

Friedmann who developed his equation 

within the framework of general relativity, 

although the description in this website will 

be limited to a simplified, non-relativistic 

version based on Newton's laws. 

How these questions are addressed could profoundly affect the outcome of any cosmological model and the answers may not 

necessarily be found within general relativity alone. For example, it appears that the theory of general relativity makes no 

explicit statement about the expansion of the universe, only that it cannot be a static system. Therefore, the assumption that 

cosmology is predicated on general relativity, and defined by its mathematics, may be as premature as some of the other 

assumptions of cosmology. However, while issues will be raised that appear to question the current weight of authority, the 

primary goal of this section is simply to present the accepted position of cosmology and defer the discussion of some of the 

more contentious issues to the final section: The Limits of Inference. So, as indicated above, it might be said that there are 3 

equations and 1 metric that underpin most of the basic assumptions of what is sometimes described as the `Hot Big Bang’ 

model. Collectively these equations are said to define, in mathematical terms, the expansion, density and acceleration of the 

universe. However, these equations do not account for the process called  inflation, which is thought to explain the expansion 

of the very early universe and therefore this concept will be introduced, separately, in a subsequent section. 

 

 Friedmann:         as derived from the conservation of energy 

 Fluid:                   as derived from the 1st law of thermodynamics 

 Acceleration:     as derived from the Friedmann & Fluid equations 

 FRW metric:       as related to the Minkowski metric 

 

By way of introduction, the following discussion will now try to outline some issues for consideration prior to addressing the 

actual derivations based on more classical principles.  From a historical context, Alexander Friedmann was a Russian 

mathematician who, in 1922, suggested there was not one unique solution to Einstein's equations of general relativity; but 

rather there was a set of possible solutions. This set of solutions could then be used to underpin a range of different 

cosmological models of the universe based on a set of given assumptions. However, even today, Friedmann’s equation is still 

described as one of the most important equations in cosmology and while the original derivation was rooted in the 

mathematics of general relativity, by changing mass-density to energy-density, these equations can still be derived from 

Newtonian physics. It is appropriate to first introduce Friedmann's equation, 

in its accepted form and then outline the basic inference between the 

Hubble parameter [H], the density [ρ] of space and the assumption of an 

expanding universe. 

 

[1]       

 

We can see that it is the definition of the Hubble parameter [H=v/d] that 

contains the inference to the universe not being a static system, as there is 

an implicit suggestion of a velocity [v]. However, the equation itself makes 

no actual statement as to whether the direction of this velocity is associated 

with expansion or contraction. Only later were the redshift findings of Slipher and Hubble taken to infer that all galaxies were 

generally receding and that the universe had to be expanding. In addition to the Hubble parameter [H], the density of space [ρ] 

and the gravitational constant [G]; there are a number of other parameters that require some initial clarification. The 

parameter [a] is often described as a scaling parameter, while [k] is referred to as the spatial curvature linked to the geometry 

of the universe. It was Einstein who originally added the term known as the cosmological constant [Λ] in order to retain a static 
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universe, which is now often excluded from the common form. While the meaning of [k] is explained below, it is assumed to be 

a numeric number that has no units, which then helps define the units of [a]. Examination of [1] requires that each terms 

resolves to units of [1/s
2
], which then requires [a] to have the units of metres and, in the context of [1], might initially be 

thought to be reflective of the radius of the universe. So while the value of [a] is a function of time in an expanding universe, i.e. 

a=r(t), the basic scope of [1] still reflects a snapshot result at some point in the time evolution of the universe. 

 

 k=0, if the density of the universe is equal to a critical value, the universe is assumed to expand forever, but at an 

ever-decreasing rate.   

 

 k>0, if the density is high enough, the gravitational attraction is assumed to eventually stop the expansion, causing 

the universe to collapse back on itself in what is sometimes called the `big crunch`.  

 

 k<0, if the density is too low, the universe is assumed to simply expand forever, as there will not be enough 

gravitational attraction to stop the expansion. 

 

If we run a little ahead of ourselves, observations in the present era appear to support the assumption that the universe can be 

generally described as spatially flat, i.e. k=0. If we also ignore the requirement of the cosmological constant [Λ], introduced to 

maintain a static universe, the Friedmann equation would reduce to: 

 

[2]       

 

So what does this equation tell us about the universe? 

 

Well, in this form, the main variable that will affect the velocity [v] is the energy-density [ρ] of space. However, the ability of [ρ] 

to expand or contract the universe, as a whole, very much depends on the assumptions we might wish to make about the 

homogeneous energy-density and the nature of space it occupies. As already outlined, the Hubble parameter [H] can be 

defined in terms of a velocity [v/d] divided by distance, i.e. metres/second per metre. However, this definition can also be 

transposed into a description of the expansion of space itself with time, i.e. metres/metre per second. Within this difference 

lies a key issue of debate that will be touched on throughout many of the remaining discussions: 

 

Did the material universe expand into pre-existing space or did it create space? 

 

If we assume the universe was finite within the concept of some form of singularity, where nothing can exist outside; then 

space must have been created or expanded. The only other reasonable alternative being that the expansion of our material 

universe, as defined by the physics of the energy-density [ρ], took place within pre-existing space. At this stage, we shall simply 

table this debate for further discussion and say that the standard model generally assumes the velocity [v] to be a recessional 

velocity based on measured redshift [z] of objects, e.g. a galaxy, from the relationship [v=zc], where [c] is the speed of light. It is 

highlighted that this basic relationship needs to be modified as velocity [v] approaches [c], but see ‘Redshift and Hubble's 

Law’ for more details, while the issue of determining the  distance [d] is discussed under the heading ‘Cepheid Variables & 

Hubble’s Constant’. While Cepheid stars do provide a relative distance measure, an absolute reference is still required for 
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Fluid Equation 

In many ways, the fluid equation, based on the 

concepts of thermodynamics, appears more 

fundamental to any explanation as to why the 

universe expands. Basically, this equation provides 

some rationale of the rate of change of the 

energy-density with time, due to the 

corresponding expansion of the universe. 

calibration and this has proved to be very difficult. As such, the distance required by the Hubble Constant [H] can only be given 

within certain limits of accuracy. Even so, an approximate estimate of [H] allows a number of other important estimates to be 

made: 

[3]       

 

The first of the terms in [3] above shows [H] being described as a recessional velocity [v] with distance [d]. However, the units 

of distance can be cancelled out leaving an inference to some measure of time, i.e. [1/t], which might suggest some 

correspondence to the age of an expanding universe. Equally, having determined an estimated of [H] from observations, the 

critical density [ρC] of a homogeneous universe can be calculated from [2]: 

 

[4]       

 

The inclusion of the units in [4] clarifies that both [4] and [2] are still presenting the density [ρ] in terms of a mass-density, 

which actually needs to be multiple by [c
2
] to become an energy-density, i.e. E=mc

2
: 

 

[5]       

 

Such issues are typical of much of the apparent complexity surrounding cosmology, which stems from the use of various 

systems of units, including some that normalise constants, such as [c, G, h], to unity. While there may be good reasons for the 

use of some systems, it can make the process of learning more difficult as it leads to the same equation appearing in multiple 

forms. So while some equations might be considering density in terms of matter-density, the early universe is assumed to have 

been dominated by radiation, which aligns more readily to the concept of an energy-density. Therefore, irrespective of the 

units used, the present discussion will always be inferring an energy-density, which can be resolved by the presence or absence 

of [c
2
]. At this point, we need to introduce a second equation that helps define the wider scope of energy-mass density. This 

equation is called the `Fluid Equation`. 

 

[6]                               
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The equations in [6] are again indicative of the complexity caused by presenting the equation in a number of different, but 

equivalent forms. The first terms of both [3a] and [3b] represent the rate of change of density with time using the differential 

dot notation. While [3c] highlights that the units of the Hubble constant [H] reduces to the reciprocal of time [1/t] that then 

suggests density [ρ] must falls with time, which appears consistent with the idea of an expanding universe. Actually, this is a 

very important assumption, which seems to be supported the laws of thermodynamics and the general idea of entropy, which 

will also be touched upon within the derivation sub-sections. The final term contains both density [ρ] and pressure [P] and so, 

at this point, it might be useful to add a note about the relationships between these 2 quantities. 

 

[7]             

 

We can see that in terms of units there is a similarity between pressure [P] and energy-density [ρE]. However, as previous 

highlighted, the Friedmann and Fluid equations are still based on the definition of mass-density [ρM], which is resolved by the 

conversion factor [c
2
]: 

 

[8]                

 

However, while pressure and density can be related to the same units, the definition of pressure [P] involves a weighted 

number [ω], which is referred to as the ‘equation of state’. Exactly how [ω] is determined is discussed in more details under the 

heading ‘Pressure & Equations of State’, but for now we will simply introduce some examples: 

 

Matter w =0 

Radiation w =1/3 

Dark Energy w <0 

 

In the context of the whole homogeneous universe, the density of matter is very low, in the order 10-20 particles per cubic 

metre. To get a better visual perspective of this scale, if these particles were scaled up to the size of a beach ball, then a 

neighbouring particle would not even be in our solar system. Therefore, cosmologist often see matter in homogeneous space as 

acting like `dust` in that it exerts no pressure, as the probability of collision is virtually zero, hence w=0. In theory, matter and 

radiation are both just forms of energy, but in practice, matter moves at very slow speeds compared to the speed of light. 

Therefore, most of the energy content of matter is its mass-energy, i.e. E = m0c
2
, and the associated kinetic energy of motion is 

negligible, i.e. v<<c. In contrast, photons move at the speed of light and have zero rest mass, but still have non-zero 

momentum. In general, the total energy of a particle with non-zero mass can be approximated by the equation: 
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http://www.mysearch.org.uk/website1/html/390.Pressure.html
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Acceleration Equation 

Basically, this equation combines aspects of 

both the Friedmann and Fluid equation in 

order to derive an expression for the 

acceleration of expansion. However, the  

results of all these equations depends of the 

characteristics of the energy density 

components assumed. 

[9]       

 

However, as [v] approaches [c], the second term begins to dominate due to the effects of special relativity. Particles with 

relativistic velocity, e.g. photons, exert pressure given by the equation: P=ρc
2
/3. If we assume that the total mass of dust in a 

homogeneous universe is directly proportional to its volume, this makes the density [ρ] inversely proportional to the cube of its 

radius [1/a
3
]. By the same argument, radiation is also inversely proportional to volume and therefore its energy density must 

also reflect the [1/a
3
] factor, although its overall energy density must take account of another factor. As the universe expands, 

the energy associated with radiation, i.e. E=hf, is reduced as the expansion is also assumed to increase the wavelength of the 

radiation and so reduces its energy by a further [1/a] factor. Therefore, the radiation energy density becomes inversely 

proportional to [1/a
4
] by this argument. At this point, we are only 

introducing the `Acceleration Equation` because it is thought to generally 

define the acceleration of the expansion of the universe: 

 

[10]     

 

The term on the left is equivalent to acceleration over distance [a/d] using 

derivative dot notation, where [ρ] is the density and [P] is pressure. We 

might get an initial understanding of [10] in the context of a dust-dominated universe, as [P] goes to zero: 

 

[11]     

 

As such, we have reduced [10] to the form in [11], which is possibly reflective of the Newtonian equation for gravity, although 

[11] suggests that the acceleration is, by default, negative. However, a negative acceleration would oppose the velocity of 

expansion, i.e. it suggests that expansion must be slowing down. While this appears to be a very logical assumption, let us just 

stop for a moment to consider some of the parallels with Newtonian gravity: 

 

[12]     

http://www.mysearch.org.uk/website1/html/344.Acceleration.html
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Scale Factor [a] 

The scale factor [a] in the Friedmann equation 

shown in [1] is a function of time, i.e. a(t), 

which represents the relative expansion of the 

universe. As such, the physical definition of 

radius [R] is transposed into a relative 

concept, where [a=1] in the present era and 

[a=0] at the conceptual moment of the Big 

Bang itself. 

Basically, the form of the first equation in [12] can be transposed into [2] by simply substituting for [M=ρV], where [V] is the 

volume of the homogeneous density [ρ]. However, there is nothing in either [2] or [12] that can explain why the universe 

expands rather than contracts under gravity. Of course, there could be some fundamental differences in the geometry of an 

expanding homogeneous universe, as suggested by Newton’s Shells, but ultimately any normal mass-density must either 

contract under gravity towards its centre of mass or experience no net gravity due to an absence of any centre of gravity. So let 

us rephrase the earlier question: 

 

Does the universe have a centre of gravity? 

 

Well, according to the assumptions of the cosmological principle, the answer would appear to be no. Today, many models 

attempt to explain the evolution of structure within the universe based on local perturbation in the uniformity of the energy-

density, which then causes localised gravitational centres, e.g. solar systems and galaxies. If so, it is possible that the apparent 

slow-down in the expansion rate of the universe, as a whole, might have little to do with gravitation and more to do with the 

conservation of energy as implied in the thermodynamics of the Fluid equation. In fact, if we simply re-arrange the Fluid 

equation, as in [13], we might realise that the recession velocity [v], implied by [H], has to be ultimately explained as a function 

of density and pressure, which we have not yet really addressed in any detail. 

 

[13]                                

 

We might also see that the acceleration equation in [10] reflects a similar dependency on both the density and pressure, which 

we might reasonably assume changes as a function of time within an expanding universe. However, before pursuing the 

questions being raised within this preliminary introduction, we should possibly first present some form of derivation for each 

equation in turn. 

 

1.2.1.1 Friedmann’s Equation 
 

While, for the purist, Friedmann’s equation should be derived from Einstein’s field equations, this requires familiarity with 

tensor mathematics, a concept that is not generally or easily understood. Note, for those interested, an overview of the 

mathematical concepts that underpin general relativity is provided via the previous link. However, we will start this particular 

discussion with an accepted form of the Friedmann equation, although 

the validity of the [Λ] component may be debated; especially as it is not 

logically supported by the following derivation. 

 

[1]       

 

The derivation of [1] will now follow a classical approach, which is 

anchored in the concept of energy conservation of a gravitational system 

described in terms of potential and kinetic energy: 

http://www.mysearch.org.uk/website1/html/348.Implications.html
http://www.mysearch.org.uk/website1/html/300.Maths.html
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[2]     

 

Where [M,m] are two masses subject to gravitational attraction as defined by the 

gravitation constant [G] and radius [R]. In the context under discussion, [M] might be 

considered as the mass of the homogeneous universe, which corresponds to density 

[ρ] multiplied by its volume [V], while [m] might be considered as a 

much ‘smaller’ mass, e.g. a galaxy within the universe. In this respect, the 

configuration might be seen as analogous to Newton’s Shells , whereby [M] is the 

mass of a volume of space defined within the radius [R] of mass [m]. 

 

[3]       

 

The form of [3] has been rationalise such that [M=ρV] as outlined above. We have also assumed that [m] has no orbital velocity, 

i.e. there is no overall rotation within the universe, such that [vO=0]; whether this is actually the case in the real universe may 

still be open to debate. Anyway, on the basis of this assumption, velocity [v] now only relates to the radial velocity of [m]. In the 

next step, we are still only rationalising the form of [3] by multiply through by 2/mR2 and re-arranging: 

 

[4]       

 

As such, we can immediately start to see some similarities with the form of the Friedmann equation given in [1]. While, by 

definition, the expansion of the universe must change over time, so that an original radius [R] will expand to a new value, the 

nature of [4] essentially represents a snapshot in time. Therefore, we might infer that the universe is expanding by suggesting 

that R=a(t)r, where a(t) corresponds to some scale factor, which changes as a function of time. However, there is nothing in [4] 

that explicitly defines the direction of the velocity [v]; although gravity is always attractive towards the centre of gravity. 

However, in the case of the universe, as a whole, it is unclear that a centre of gravity exists. This said, we might recognise that 

the term on the left of [4] already conforms to the definition of the Hubble constant [H], so will be left unchanged, leaving only 

the right-hand term to be clarified: 

 

[5]       

 

If we now compare [1] and [5], we can see that [1] has been simplified by the introduction of the parameter [k], which most 

sources will describe in terms of the ‘spatial curvature’ of the universe, which has no units. Analysis of the units of [5] tells us 

that each term must resolve to units of [1/s
2
], such that we might reverse engineer a consistent expression for [k] that complies 

with our requirement that [k] is simply a numeric constant with no units: 

http://www.mysearch.org.uk/website1/html/350.Shells.html
http://www.mysearch.org.uk/website1/html/376.Space.html
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Timothy Ferris 

“A born cosmologist, Friedmann 

taught himself relativity and 

discovered that if the general 

theory was correct the universe 

must either expand or contract. 

He was thus the first to purpose 

a mathematical model of an 

expanding universe, one of the 

genuinely innovative ideas of 

modern times. He sent word of 

his findings to Einstein, but 

Einstein was then at the peak of 

his celebrity and had to deal 

with stacks of such letters and 

was not infallible, and 

Friedmann was rebuffed. He 

tried to visit Einstein in Berlin, 

but Einstein was on vacation in 

the country, and Friedmann was 

turned away. There matters 

stood until Einstein, acceding to 

the request of another Russian 

physicist, looked again at 

Friedmann's paper, and began 

to change his mind. At first he 

retreated to the position that 

Friedmann's result ‘while 

mathematically correct is of no 

physical significance.’ Then he 

found an error in his own 

counter-argument. Ultimately 

he admitted that the unheralded 

Friedmann was right: The 

universe of relativity was a 

dynamic universe" 

[6]       

 

In the previous introduction to this discussion, it was outlined that [k] could take 1 of 

3 basic values, i.e. k=0, k<0, k>0, depending on the assumed geometry of the universe. 

If we align to the assumption that [k=0], then it would seem that we have to accept 

that the total energy [ET] of the universe is zero. Based on the expression for [k] 

defined in [6], we can proceed to the final form of the Friedmann equation; although 

we might wish to raise a number of questions about the inference of [6]: 

 

[7]       

 

As such, we have essentially arrived at the same form as [1] and although this 

derivation makes no reference to cosmological constant [Λ], it is unclear whether 

even GR can really justify its inclusion. Based on [6], the only way [k] can be set to 

zero is if the total energy [ET] is zero. As outlined in the discussion ‘Energy and the 

Singularity’, quantum theory does allude to the possibility that the universe might 

have expanded such that the total energy was the sum of equal quantities of positive 

and negative energy, analogous to the kinetic and potential energy balance implied in 

[2]. Therefore, if we start with [2], but immediately assume [ET=0], we can arrive at a 

well-known expression for velocity [v]. 

 

[8]       

 

The velocity [v], derived in [8], is based on the same basic assumptions that led to the Friedmann equation, but can be 

interpreted as either the escape velocity [vE] from mass [M] or the free-fall velocity [vFF] towards [M]. However, based on the 

http://www.mysearch.org.uk/website1/html/363.Singularity.html
http://www.mysearch.org.uk/website1/html/363.Singularity.html
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Cross-References 

In many respects, the Fluid equation 

appears to be the real linchpin of 

cosmology. In this discussion, the focus is 

primarily on the classical derivation of the 

equation, while under the heading 

'Interpreting Friedman' are further 

discussions of the assumption and 

implications of pressure, energy and 

thermodynamics. 

assumption of an expanding universe, it would make more sense in terms of an escape velocity. At this point, it might not be 

unreasonable to ask: 

 

Why does the expansion of the universe align to its escape velocity? 

 

Well, this alignment only holds true if the total energy [ET] is assumed to be zero and is conserved during the process of 

expansion. Under the current cosmological model, the universe is now thought to be accelerating, which might question the 

entire premise of [2], [6] and [8]. However, we shall defer the discussion of such issues to a later section entitled ‘ Interpreting 

Friedmann ’ so that we can proceed with the other 2 main equations of 

cosmology, i.e. the Fluid and Acceleration equations. 

 

1.2.1.2 Fluid Equation 
 

It is highlighted that the Friedmann equation, as previously derived, can 

only determine the Hubble constant [H] for a given radius [R], if the density 

[ρ] is known. However, in practice, the application of the Friedmann 

equation often starts by verifying the observed redshift of known types of 

objects in order verify that the recession velocity [v] with distance [d] aligns 

to Hubble’s law, at least, within a known error margin. Observations are 

also cited in support of the assumption that the universe is flat, or so close 

to flat, such that we might assume [k=0]. If so, what is determined from the 

Friedmann equation is not [H], but the current density of space based on its 

approximation to the critical density, even though the existence of all 

components of this energy density cannot be completely rationalised. As 

such, the Friedmann equation provides a starting point for the current 

density in respect to the measured value of [H0] in the present era. 

However, without some other method to extrapolate the change in density 

as a function of time, the equation may be of little further use. 

 

So what other laws of physics might be applied? 

 

Well, given that the derivation of the Friedmann equation seems to be 

anchored in the conservation of energy, rather than necessarily telling us 

about gravitational effects, we might also consider the universe as 

a thermodynamic system. The energy and entropy of a thermodynamic 

system are basically described by the 1
st

 and 2
nd

 laws respectively.  At this stage, we might define ‘thermodynamics entropy’ as 

a measure of unusable energy within a closed or isolated system, e.g. the universe; such that as the amount of usable energy 

falls, the unusable energy or entropy is said to increase. As indicated, it is the 2
nd

 law that defines entropy [S] in terms of 

temperature [T] and heat energy [Q]: 

 

[1]       

http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/343.Fluid.html
http://www.mysearch.org.uk/website1/html/344.Acceleration.html
http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/381.Components.html
http://www.mysearch.org.uk/website1/html/381.Components.html
http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html#The_Idea_of_Entropy


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
67 of 392 

 

2nd Law of Thermodynamics 

The total entropy of any isolated 

thermodynamic system tends to increase 

over time. Basically, it places constraints 

upon the direction of heat transfer. If the 

state of a system is changed, but the 

entropy is not changed, i.e. dS=0, the 

process is reversible. However, most 

processes are not reversible and entropy 

generally increases and suggests that the 

universe may be constantly moving towards 

a less dynamic state. 

1st Law of Thermodynamics 

If the state of a system is changed by 

applying work or heat or both, then the 

change in the energy of the system must 

equal the energy applied, if it is to align to 

the principle that energy cannot be created 

or destroyed. 

Fluid Equation Assumptions 

In the main, the derivation of the Fluid 

equation proceeds on the basis of the 1st 

law of thermodynamics only, i.e. energy 

conservation.  However, the final form 

makes the additional assumption that there 

is no net flow of heat within the universe, 

which also seems to imply that there is no 

net change in entropy. Whether these 

assumptions are valid might have to be 

questioned as more details of the 

cosmological model emerge. 

As such, at a given temperature [T], a change in the heat energy [dQ] results 

in a proportional change in the entropy [dS]. However, it should be 

highlighted that [1] only applies to processes that can be reversed, while the 

general implication of entropy is that, in a closed system, some of the usable 

energy always gets converted to unusable energy. However, we might 

initially start by attempting to model the universe as a closed system, which 

has no external surrounding with which to transfer heat energy; as such the 

universe might have to be described in terms of an adiabatic process in 

which there is no heat flow, i.e. dQ=0. 

 

What assumptions does the standard model make on these issues? 

 

For the moment, we shall simply table this question so that we can continue 

with the basic introduction of the 1
st

 law of thermodynamics: 

 

[2]       

 

Before defining the additional variables in [2], it is worth initially noting that 

the 1
st

 law of thermodynamics is rooted in the conservation of energy and 

therefore aligns to the same key assumption underpinning the derivation of 

the Friedmann equation. However, in a general context, internal energy is 

assumed to be conserved within a thermodynamic system and its 

‘surroundings’, which may require some qualification in the context of the 

wider concordance model, which includes inflation. As a general description, 

[2] defines the variables of energy [U], pressure [P] and volume [V], where 

the prefix [d] implies only a differential change in the associated variable. 

However, we might now proceed from [2] by defining the internal energy of 

the universe in-line with a homogeneous energy-density [ρ] with a spherical 

volume specified in terms of a co-moving radius [a]: 

 

[3]       

 

In order to derive the differential form [dU] from [3], we have to recognise 

that the energy-density [ρ] and co-moving radius [a] are both functions of time [t], which can be addressed using the product 

rule of integration: 

 

[4]       

http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
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The differential form of [dV] can be expressed in a more direct fashion: 

 

[5]       

 

At this point, we can substitute [4] and [5] back into the form of [2] 

[6]       

 

We shall initially rationalise [6] by adopting the dot notation for the differential terms [dρ/dt] and [da/dt], while recognise that 

the latter is actually an expression of the expansion velocity [v]: 

 

[7]       

 

In some ways, [7] is actually the general solution of the Fluid equation, which the standard model proceeds to modify on the 

basis of the assumption outlined above in terms of the 2
nd

 law, i.e. 

 

[8]       

 

Whether the universe can be modelled as an adiabatic process might be questioned. However, on the basis of [8], we shall 

proceed to rationalise [7] into the following form: 

 

[9]            

 

However, we might also write this equation in the more conventional form: 

 

[10]     

 

While either [9] or [10] might be described as the accepted Fluid equation, it is predicated on the assumption that the universe 

can be described as a reversible adiabatic process, i.e. no heat flow and no unusable energy. As such, it should also be noted 
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that this derivation now makes no reference to the process of entropy as it is based primarily on the energy conservation 

assumptions of the 1
st

 law of thermodynamics, as per Friedmann’s equation. 

 

[11]     

 

At this point, it might be worth asking whether the Fluid equation is telling us anything about the expansion of the universe. In 

the  reduced form on the right of [11], we more clearly see the direct relationship between velocity [v] and the rate of change 

of density [dρ/dt]. 

 

So what might we infer from the presence of the negative sign? 

 

At face value, it would seem that [11] is simply representing the intuitive process that a positive  velocity, implying expansion, 

would lead to a reduction in the energy density, i.e. negative rate of change. However, it could be equally argued that a 

negative velocity, implying contraction, would lead to an increase in the energy density. Therefore, the form of the Fluid 

equation does not imply the direction of expansion, only an effect on the energy-density should either expansion or contraction 

occur. As such, the cause of an expanding universe, rather than the observed effect, must be explained by the composition of 

the energy density [ρ] and any associated pressure [P] linked to the equations of state of the vacuum as a function of time - see 

discussion entitled 'Energy Components'.  

 

1.2.1.3 Acceleration Equation 
 

It will be stated from the outset that the acceleration equation does not 

really introduces any new concepts. Basically the derivation is a 

mathematical exercise based on differentiating the Friedmann equation 

with respect to time and then substituting in the Fluid equation for the rate 

of change of density with time. Therefore, on this basis, the validity of the 

acceleration equation primarily depends on the assumptions made in the 

derivation of the Friedmann and Fluid equations, which in both cases seem 

to be centred on the conservation of energy. However, while the Fluid 

equation makes specific assumptions about the universe as a 

thermodynamic process, which might be proven wrong, they still represent 

logical extrapolation of the basic laws of thermodynamics. 

 

But can this be said of the Friedmann equation? 

 

It is not the intention to really address this question at this point, as it is the subject for later discussions, but is worth flagging 

the possibility that the foundations of the acceleration equation, which we are about to derive, might be built on a false 

assumption. For examination of [1] below, when k=0, leads to the conclusion that the expansion velocity, embedded in the 

definition of [H], must be basically proportional to the density [ρ]. So while the premise of this equation rests on the idea of the 

conservation of energy, it is difficult to explain how the density [ρ] in isolation results in expansion, especially when it is often 

http://www.mysearch.org.uk/website1/html/381.Components.html
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Direction of Expansion 

Based on the previous derivation of the Fluid 

equation, it was argued that direction of 

expansion only defines an effect on the 

energy-density should either expansion or 

contraction occur. As such, the cause of an 

expanding universe, rather than the observed 

effect, must be explained by the composition 

of the energy density [ρ] and any associated 

pressure [P] linked to the equations of state of 

the vacuum as a function of time. 

discussed in terms of a gravitation slowing of expansion. However, the 

essence of this issue has already been captured in the question: 

 

Can a homogeneous universe have a centre of gravity? 

 

With these concerns highlighted, we will now proceed with a basic 

derivation anchored in the reduced forms of Friedmann’s equation, i.e. 

without the cosmological constant term. 

 

[1]       

 

As indicated, the derivation proceeds by differentiating all terms dependent on time [t], e.g. [a, ρ]. However, we shall first 

present [1] in a dot derivative form with the denominator terms replaced by negative power terms: 

 

[2]       

 

Before we can proceed to the terms on the right of [2], both components of [a] on the left need to be differentiated with 

respect to time using the product rule: 

 

[3]       

 

With this step expanded, we can complete the differentiation of [3] with respect to [dt]: 

 

[4]       

 

We can start to rationalise [4] by dividing by  : 

 

[5]       
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Direction of Acceleration 

Again, at face value, it would seem that the 

direction of acceleration can only be 

explained based on the component 

attributes of the energy-density [ρ] and the 

equations of state, which defined the 

pressure [P]. 

Author Unknown  

Sometimes it is useful to know how large 

your zero is. 

At this point, let us simply re-state the Fluid equation for reference: 

 

[6]         

 

On examination of [5], we see that it contains the term [H
2
] that can replaced by the original Friedman equation in [1], while 

the rate of change of density can be replaced by the Fluid equation given in [6]: 

 

[7]       

 

First, it is worth highlighting that this method has cancelled out the space curvature [k] term, which suggests that acceleration is 

not directly dependent on the geometry of the universe. Second, the initial implication of the negative sign might suggest that 

the expansion of the universe has to be slowing down. However, on further reflection, we can see that the sign of the 

acceleration was essentially derived from the Fluid equation. In this context, 

we might simply draw the inference that should expansion being occurring, it 

would reduce the energy-density assumed to be driving the expansion and 

cause the acceleration to become negative. 

 

But does this statement explain an accelerating expansion. 

 

Based on relatively recent observations, there seems to be the suggestion 

that the expansion of the present-day universe is now subject to a net positive acceleration, which would seem to require 

further explanation in terms of the subsequent description of the composite nature of the energy-density [ρ] and the equations 

of state, which define the pressure [P] in [7], which are essentially derived from the Fluid equation. 

 

1.2.1.4 Friedmann-Robertson-Walker (FRW) Metric 
 

In mathematics, a metric is a function of a given topology of space, which 

then defines the distance between any two points in that space. So while it 

might be assumed that the previous equations are describing a universe expanding in space as a function of time, the FRW 

metric implicitly assumes an expanding universe based on its spacetime geometry. Again, while the formal derivation of this 

metric is rooted in general relativity, it is possibly worth starting from the simpler perspective of special relativity, which is 

based on flat spacetime, i.e. k=0. Within the constraint of the special theory, the idea of a spacetime interval [s] relates to the 

separation of two events in both time [t] and space [d] as given by the Minkowski metric: 

http://www.mysearch.org.uk/website1/html/381.Components.html
http://www.mysearch.org.uk/website1/html/343.Fluid.html
http://www.mysearch.org.uk/website1/html/307.Metric.html
http://www.mysearch.org.uk/website1/html/246.Separation.html
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[1]       

 

The root of this equation is discussed under the heading ‘Lorentz Transforms’ . 

However, in the wider context of cosmology, the issue of the curvature of 

spacetime is an open question and therefore the metric represented by [1] has to 

be extended to consider the implication of general relativity. While the goal is still 

to describe the distance between two events in terms of 4-dimensional curved 

spacetime, we might start by describing just the spatial separation between two 

points as: 

 

[2]       

 

However, the total spatial distance between two points has to be calculated by 

integrating along the entire path, where only each small differential section [du] conforms to the metric as given in [1]: 

 

[3]       

 

Also, in the present context, we need to modify [3] in order to account for some expansion factor a(t) of the universe as a 

function of time: 

 

[4]       

 

However, given the assumed spherical nature of an expanding universe, it is often more convenient to convert [2] from the 

outset into spherical coordinates: 

 

[5]       

 

Of course, within the context of general relativity, spacetime does not have to be flat and therefore [5] is modified to become: 

 

[6]       

 

If we now substitute [6] back into [4], in order to account for expanding spacetime as well as curved space, we arrive at the 

basic form of the FRW metric: 

 

[7]       

http://www.mysearch.org.uk/website1/html/242.Lorentz.html
http://www.mysearch.org.uk/website1/html/374.Curvature.html
http://www.mysearch.org.uk/website1/html/374.Curvature.html
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The Robertson-Walker metric was independently discovered in the mid-1930’s following Einstein’s publications in 1916, while 

the previous Friedmann equations were published in 1922. The dependency of [7] on expanding spacetime is essentially hidden 

within the scaling factor a(t), while the spatial curvature is defined by the value of [k]. However, we can make a number of 

simplifications to [7] by only considering a radial path [r], such that [dθ] and [dφ] can be set to zero: 

 

[8]       

 

While the original purpose of introducing the complexity of general relativity was to be able to consider the implications of 

spatial curvature within any potential cosmological model, there is no implicit need to assume that space has to be curved on 

the large-scale of the universe. In fact, to-date, all measurements seem to suggest that space is effectively geometrically flat, 

i.e. k=0, such we can reduce [8] even further to the form: 

 

[9]       

 

Therefore, we appear to have return to a form that is very similar to the original metric in [1], except that we now have a 

scaling factor a(t)  in which the universe is thought to have spatially expanded as some function of time [t]. However, the cause 

of this expansion is still an open question, which will be explored further in subsequent discussions. 

 

1.2.2 The Nature of the Universe 
 

The cosmological principle infers that the universe, on the very large scale, is both 

homogeneous and isotropic. The primary evidence underpinning this position is the 

uniformity of the temperature of the Cosmic Microwave Background (CMB), which is 

discussed in more detail in later sections, but suggests uniformity across the universe 

to a few parts in 10
5
. In addition to the general 'cosmological principle', measurements 

of the redshift of galaxies, quasars and galaxy clusters all appear to support the idea of 

an expanding universe that is encapsulated in the Hubble parameter [H]. 

 

So what is the scope of the observational evidence? 

 

Historically, evidence supporting the current cosmological model has been 

accumulating for hundreds of years, although the beginning of the 20
th

 century saw a 

number of significant changes, which in the modern idiom, we might describe in terms 

of the ‘paradigm shifts’  associated with relativity and quantum mechanics. However, 

the observational evidence in just the last few decades has also been a critical factor in establishing the ‘current’ standard 

model of cosmology. However, at this point, it is worth highlighting that the standard cosmology model does not really align 

with the known physics of the standard particle model, as the former requires the introduction of non-standard, and essentially 

hypothetical, concepts known as dark energy and dark matter. With this note of caution raised, it should also be highlighted 

that the weight of authority now appears to firmly support the current cosmological model, which the following list is simply a 

representative example: 

http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
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Cosmological Principle:  

Simply stated, this principle means that averaged 

over large enough distances, one part of the 

universe looks approximately like any other part. In 

more specific terms, it implies the universe has a 

homogeneous energy-density and a recessional 

expansion that is the same at all points. 

WMAP: 

The Wilkinson Microwave Anisotropy Probe is a 

NASA Explorer mission that was launched in 2001. 

Its goal was to make measurements that would 

support the study of the universe as a whole. 

Possibly its most acknowledged  achievement was 

the mapping of the CMB radiation to a resolution 

of 0.2 degrees. 

 Hubble’s law based on a wealth of redshift measurements 

against distance, which appears to confirm that the universe is 

expanding. However, the cause  of this expansion is another 

matter. 

 

 The uniformity of the Cosmic Microwave Background (CMB) has 

been measured with increasing accuracy. The latest being linked 

to the Wilkinson Microwave Anisotropy Probe program. 

 

 Recent measurement of the redshift associated with Type-Ia a supernova seems suggest that the universe might now be 

accelerating rather than deceleration under expansion. This observation is one of the primary reasons supporting the 

introduction of a gravitationally repulsive dark energy.  

 

 The observed abundances of light elements is said to be consistent with the predictions of nucleosynthesis within the Big 

Bang model. However, for this model to be consistent, baryonic matter can only account for about 4% of the energy-

density, which aligns to current measurements of the CMB.  

 

 The clustering of matter, when including both normal and dark 

matter, seems to explain a power spectrum that is in good 

agreement with the standard model.  

 

 Without dark energy, the age of some stars would be older than 

the universe itself. However, it is not clear that this can be class 

as observational evidence as it may appear to simply be a 

justification of the present model.  

 

 The evidence for dark matter has been formulated from the sizes and velocities of various structural objects within the 

universe, e.g. 

  

o The rotation curves of spiral galaxies. 

o The temperature and distribution of x-ray gas in elliptical galaxies. 

o The temperature and distribution of x-ray gas in clusters of galaxies. 

o Gravitational lensing by clusters of galaxies. 

 

While there are many other instances and possibly better examples, which support the current model, the intention has only to 

been to generally highlight the considerable weight of authority that is now said to support the current model. 

 

So what is the scope of the current model? 

 

In a subsequent section entitled ‘The Big Bang Model’ , the evolution of the universe will be described in terms of its past, 

present and future phases. However, this description is anchored in the assumptions of present-day cosmology, some of which 

are highly speculative.  

http://www.mysearch.org.uk/website1/html/356.Primordial.html#Nucleosynthesis:_1-180_seconds
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
http://www.mysearch.org.uk/website1/html/383.Dark%20Matter.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
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Power Spectrum 

It is assumed that the initial conditions for the universe 

were originally random in nature, after which 

inhomogeneities appeared that generally follow a 

Gaussian probability distribution. However, detailed 

analysis of this distribution at different frequencies leads 

to a spectral density or power spectrum. Analysis of the 

CMB spectrum is able to highlight different types of 

perturbations that produce different peak in the power 

spectrum. 

Therefore, as a prelude to describing the accepted model, we 

shall initially reflect on how our understanding of the universe 

has transitioned from what was originally assumed to have a  

‘material nature’ to one that has also had to take into account 

its ‘quantum nature’. It is also a model that is predicted on 

humanity’s hands-on experience of the universe only extending 

out as far as the Moon, which as a fraction of the visible radius 

of the universe amounts to only 1/10
18

. Of course, the last 30 

years has seen astronomy gain the ability to ‘peer’ much, much 

further into the depth of space, which also implies an ability to 

look further back in time. However, this said, we should not 

forget that the perceived nature of the universe is becoming increasing dependent on mathematical models, which are in-turn 

predicated on a myriad of assumptions, of which some have only been subject to limited verification at this time. 

 

1.2.2.1 The Material Nature 
 

Creation Myths 

Most myths are an attempt to provide an explanation for the origin of the universe. Such myths might be grouped 

together under the heading of  cosmogony. While we might assume that myths are implicitly anchored in much earlier 

times, modern theories such as Laplace's Nebula Hypothesis, the Continuous Creation Theory and even the Big Bang 

Theory might still be said to be examples of cosmogonies. 

 

Having now established some of the basic equations that underpin the standard cosmological model, we shall start to work 

towards the complexity of the present-day model based on the original assumptions of a material model of the universe. This 

model will initially only contains matter in the form of protons and electrons with respective masses: 1.67*10
-27

 and  

9.10*10
-31

kg. The following constants and conversions are provided by way of reference: 

 

Constant Value Units 

h = 1.05*10
-34

 Joules.sec 

G = 6.67*10
-11

 m
3
/kg*s

2
 

Light c = 2.99*10
8
 m/s 

Sec/Year = 31,536,000 secs 

Light-Year = 9.43*10
15

 metres 

1 parsec = 3.26 Light-years 

1 parsec = 3.07*10
16

 metres 

1 mpc = 3.07*10
22

 metres 

 

While the calculations of the volume and density of the universe are only intended as gross estimates, the following tables still 

contains some basic information that generally aligns to the assumptions made about the ‘visible’ universe. 

http://www.mysearch.org.uk/website1/html/493.Material.html
http://www.mysearch.org.uk/website1/html/496.Quantum.html
http://www.mysearch.org.uk/website1/html/337.Concepts.html#Hierarchy of Assumptions
http://www.mysearch.org.uk/website1/html/341.Equations.html
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Cosmology vs. Cosmogony 

Cosmology is the study of the 

structure and changes in the present 

universe, while the scientific field of 

cosmogony is concerned with the 

origin of the universe. However, 

observations about our present 

universe not only allow predictions 

to be made about the future, but 

they also provide clues to events 

that happened long ago when the 

cosmos began. So, the work of 

cosmologists and cosmogonists 

overlap in this respect. 

Quantity Light-Years Comment 

Radius of Universe 1.37*10
10

 = 1.30*10
26

 metres 

Volume of Universe 9.23*10
78

 = 4/3πr
3
 

N 10
80

 Number of particles in universe 

n ~10 Number of particles/m
3
 

Density 1.81*10
-26

 mass/m
3
 when particle = proton 

 

The radius [r=ct] of the visible universe is estimated to be 13.7 billion light-years, in-

line with its estimated age from which the volume is then calculated. The total 

number of particles in the universe is quoted in various sources to be of the order of 

10
80

, which is normally based on visible matter, i.e. stars. As such,  these estimates 

can range widely, i.e. from 10
72

 up to 10
87

, so there is a lot of scope for error, which 

is then compounded by the known gravitational anomalies in spiral galaxies that 

triggered the search for the `missing energy-mass` of the universe. For example, the 

present model is based on the hypothesis that only 4% of the universe is comprised 

of normal matter, the rest being 23% dark matter and 73% dark energy. However, 

the next table calculates the unit density of space from Friedmann's equation, based 

on the assumption that [k=0] in-line with a spatially flat universe. The values of [H] 

shown in the table encompass a range, which was thought to reflect the accuracy of 

empirical measurements. The mid-range value of H=72km/s/mpc coincides with the 

current estimated age of the universe in billions of years, which in-turn also defines 

the radius of the visible universe [r=c/H]. 

H Age=1/H Density 

50 19.5*10
9
 4.73*10

-27
 

60 16.2*10
9
 6.82*10

-27
 

70 13.9*10
9
 9.28*10

-27
 

80 12.2*10
9
 1.21*10

-26
 

90 10.8*10
9
 1.53*10

-26
 

100 9.75*10
9
 1.89*10

-26
 

 

The density values shown above are based on the particles density multiplied by the volume, see previous table, rather than the 

critical density calculated from [H]; although they appears to be in the same ballpark. Accepting these estimates at face value, it 

translates to about 10-20 particles per cubic metre of homogeneous space. To give some comparative frame of reference for 

the value of [n=10], the lightest element hydrogen has approximately 10
24

 protons per cubic metres at Standard-Temperature-

Density (STD). However, while the table above has been calculated under the assumption that [H] is linear with distance, it is 

not linear in time. For example, it may be shown that in a matter-dominated universe, the Hubble parameter [H] is proportional 

to time in the form [H=2/3t]. If so, the age of the universe in the table above may have to be modified as follows: 
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H t=1/H Age=2/3t 

50 19.5*10
9
 13.0*10

9
 

60 16.2*10
9
 10.8*10

9
 

70 13.9*10
9
 9.3*10

9
 

80 12.2*10
9
 8.1*10

9
 

90 10.8*10
9
 7.2*10

9
 

100 9.75*10
9
 6.5*10

9
 

 

Clearly, a more detailed understanding of the energy density composition is required, if any model is going to make accurate 

prediction based on verified science. 

 

1.2.2.1.1 Compositional Age of the Universe 
 

As a general statement, science now believes 

that it has accurately determined the age of the 

universe, within a 1% margin of error, 13.7 billion 

years old; whereas previous estimates have 

ranged between 8–20 billion years old. However, 

possibly the more surprising result was that stars 

are now thought to have started to form after 

just 200-400 million years in contrast to the 

earlier prediction in range of 500 million to 1 

billion years. Of course, both these statements 

are predicated on the compositional make-up 

assumed by the cosmological model in question. 

The following extract from the previous 

tables might suggested that [1/H] was a very 

good approximation of the age of the universe, 

even though the composite nature of the density [ρ] had not been taken into account. 

 

H t=1/H Density Age=2/3t 

70 13.9*10
9
 9.28*10

-27
 9.3*10

9
 

 

However, in contrast, the column of the right of the table suggested a much younger age when the universe is modelled as a 

material universe comprising of only dust-matter. So it would seem that the structural composition of the density [ρ] is an 

important factor, which must be considered in more detail, if we are to develop any model that reflect the expansion of the 

universe with time. 

 

So how was the h=2/3t factor calculated for dust-matter? 

http://www.mysearch.org.uk/website1/html/493.Material.html#H
http://www.mysearch.org.uk/website1/html/493.Material.html#H
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Again, we are going to start by anchoring the discussion in a reduced form of the Friedmann equation based on the assumption 

that [k=0]: 

 

[1]       

 

It has been explained that the present value of [H] is primarily determined by observation of redshift with distance. With this 

observational estimate in place, we can calculate the critical density of the universe, which in the case of [k=0], is also the 

assumed density of the present universe for a given value of [H=72km/s/Mpc]: 

 

[2]       

 

In terms of a model universe, we may wish to proceed on the assumption that the universe is generally spherical in nature, such 

that the matter density within it is a function of its radius [4/3πa
3
]. We might formalise this a little as follows: 

 

[3]       
 

As such, we might also introduce this proportionality into the Friedmann equation, given in [1], but now presented in a slightly 

different form showings only those terms that affect the proportionality to be discussed: 

 

[4]       

 

Again, any constant values produced by the integration can simply be dropped; as they do not directly affect the 

proportionality. We can take [4] one stage further by differentiating the result, such that we have both radius [a] and velocity 

[da/dt] that make up [H=v/a]: 

[5]       

http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/345.Redshift.html
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Problematic Model 

If the [H=2/3t] factor is applied, as in 

the case of the dust-only model, the 

age of the universe falls from 13.7 to 

9 billion years. If we add radiation to 

this model, the implication is that the 

age of the universe has to be even 

lower due to the faster expansion 

rate during any radiation-dominated 

era. Therefore, a material model 

comprised of only dust matter and 

photon radiation does not align to 

the accepted age of the universe. 

As such, [4] and [5] now give us the 2 components of the Hubble parameter 

[H=v/a], which allows us to show the relationship between [H] and time [t] based 

on the assumptions of our dust-matter universe: 

 

[6]       

 

So, as indicated, the result in [6] is only specific to an overly simplistic model of the 

universe that only contains dust-matter throughout its entire expansion history. 

However, it does highlight the time dependency, i.e. age, for a given expansion is 

linked to the density of the ‘material’ composition assumed. We shall also defer questioning how this universe was thought to 

be expanding and not contracting. 

 

So can we characterise the expansion for other density components? 

 

Clearly, we might return to [3] and redefine the relationship between density [ρ] and radius [a] for other components, such as 

radiation. In this case, the density of photons is not only a function of the volume [1/a
3
], as before, but if we assume the 

wavelength of the photon is ‘stretched’ as the universe expands, we may need to introduce an additional [1/a] factor. 

 

[7]       

 

At this point, we might simply repeat the logic outlined in [4] through [6]. However, it might be useful to try to develop a more 

general solution, which we can then reference in later discussions. Previously, we anchored the logic in Friedmann’s equation, 

given in [1], although it may be that the Fluid equation is possibly the more appropriate starting point: 

 

[8]       

 

In [8], we started with the basic form of the Fluid equation, but then substituted for the pressure [P=ωρc
2
] component. Next, 

we need to isolate the terms into the density [ρ] and radius [a] terms. 
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Charles Darwin 

The universe we observe has precisely the 

properties we should expect if there is, at 

bottom, no design, no purpose, no evil, no good, 

nothing but blind, pitiless indifference” 

Jonathan Swift 

“That the universe was formed by a fortuitous 

concourse of atoms, I will no more believe 

than that the accidental jumbling of the 

alphabet would fall into a most ingenious 

treatise of philosophy” 

[9]       

 

To be honest, the next step involving the separation of the density and 

radius terms into integral terms [dρ, da] possibly needs to be double-

checked for mathematical validity, although it seems to arrive at the 

accepted answer: 

 

[10]     

 

At this point, we can finally separate out a number of basic relationships, 

which can then be used as a  reference in later discussions: 

 

[11]     

 

We can now proceed to consider the implication of radiation, as defined by [7], using the expressions in [11]: 

 

http://www.mysearch.org.uk/website1/html/83.Darwin.html
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[12]     

 

While the equations in [11] allow us to generalise the solution for a number of different density assumptions, the scope of this 

discussion has been initially constrained to the definition of a ‘material’ universe comprising of only normal matter and photon 

radiation. 

 

So why was this constraint imposed? 

 

Well, within the timeline of the original standard model, the concept of dark matter and dark energy had not really be 

proposed, let alone accepted. Therefore, it affects how earlier cosmologists would have been able to answer the next question: 

 

How old was the universe according to the original model? 

 

Today, the accepted value of [H] is believed to correspond to ~72km/s/mpc and the inverse of this value seems to directly 

extrapolate the age of the universe to be in the order of 13.7 billion years. However, as already pointed out, if the [H=2/3t] 

factor is applied, as in the case of the dust-only model, the age of the universe has to fall to ~9 billion years. If we add radiation 

to this model, the implication of [12] would suggest the age of the universe has to be even lower due to the faster expansion 

rate during any radiation-dominated era, even if it were only a relatively short period in the history of the universe. Therefore, a 

material model comprised of only dust-matter and photon radiation does not justify the present age of the universe being in 

the order of some 13.7 billion years and the alignment to [1/H] might be simply described as a coincidence. 

 

So how might the present estimated age of the universe be reconciled? 

 

Well, to some extent, we can work back from the required answer and then try to justify the assumption that the actual density 

of the universe aligns to its critical density, as given in [2]. Of course, the critical density must also be a function of time, as it is 

dependent on [H]. However, we can calculate the present value of [H0] based on observations linked to redshift measurements. 

As indicated earlier, for [H=72km/s/mpc], the critical density of the universe, as a whole, is assumed to be 9.82*10
-27 

kg/m
3
, if 

we also accept the assumption of the `Cosmological Principle `, i.e. the totality of the universe is both homogeneous and 

isotropic. Of course, the homogeneous nature only applies to very large-scale volumes, but modern cosmology now has the 

ability to peer quite a long way into the universe: 

 

So can we verify the mass-density from both direct and indirect observations? 

 

Initially cosmologists had to make 1
st

 order estimates based on the number of stars, i.e. hot matter, which could be visually 

observed. However, while there are some 10
11

 stars in an average galaxy and an estimated 10
11

 galaxies in the visible universe, 
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this type of matter would only account for about 1% of the critical density. While planets may surround the stars, the planets in 

our own solar system only account for less than 1% of the mass of the sun. Of course, there are thought to be many objects, 

called brown dwarfs, which have too little mass to ignite fusion and therefore become bright visible stars, along with vast 

regions of gas clouds. Even so, the sum total of all this cold matter is thought to be less than 4% of the critical density. 

 

So how does cosmology account for the missing 96% of the critical density? 

 

Well, there are various hypotheses, but most attention appears to be focused on the speculation of two additional forms of 

mass-energy known as `dark matter` and 'dark energy' to account for the missing critical density of the universe. 

 

 Dark Matter:  

Refers to matter particles, of unknown composition, which do not emit or reflect sufficient electromagnetic radiation to be 

detected directly, but whose existence may be inferred from gravitational anomalies, such as the rotational speed of 

galaxies. Estimates of the amount of dark matter present in galaxies, based on these gravitational effects, suggest this form 

of matter may account for up to 23% of the critical density in the present era.  

 

 Dark Energy:  

Is another hypothetical form of energy, which is thought to permeate all of space that has the attribute of negative 

pressure, i.e. ω<0. There are two proposed forms of dark energy: 

  

o A constant energy density filling all of homogeneous space that acts in accordance to the cosmological constant 

[Λ], as introduced by Einstein into the Friedmann's equation.  

 

o A dynamic field whose energy density can vary in time and space. Some people also consider this definition to be 

encompassed within the concept of `Zero Point Energy` or ‘vacuum energy’ . 

 

According to the theory of relativity, the effect of such a negative pressure is qualitatively similar to a force acting in opposition 

to gravity at large scales. The idea of dark energy is currently the most accepted method for explaining the recent observation 

that suggest the universe is expanding at an accelerating rate, rather than decelerating. To do this, dark energy is assumed to 

account for remaining 73% of the critical density of the universe in the present era. How this compositional complexity finally 

leads to the estimate age of the universe being 13.7 billion years requires the development of a more sophisticated model, 

which is outlined under the heading ‘ Modelling Friedmann’ . 

 

 

Expansion vs Age 

The next discussion tries to show how the rate of expansion might be determined by the nature of the energy-density 

assumed, which might then allow the age of the universe to be estimated.  

http://www.mysearch.org.uk/website1/html/358.Stars.html
http://www.mysearch.org.uk/website1/html/383.Dark%20Matter.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
http://www.mysearch.org.uk/website1/html/391.Model.html
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Nature of Expansion 

It might be also be argued that there are 

only 2 basic expansion models. In model-1, 

the material universe expands into pre-

existing space. In model-2, space within 

the material universe expands. 

Issues with Model-1: 

At face value, this would seem to require 

the substance of the material universe to 

move through space, which then needs to 

explain the apparent reality of 

superluminal recessional velocities. Of 

course, there would still be the open issue 

of the nature of the pre-existing space. 

Issues with Model-2: 

While we might be able to describe the 

effects of expanding space, it is not clear 

that we can describe the cause of this 

expansion within the constraint of known 

science. Of course, this model would also 

raise wider issues as to whether it 

represents the totality of the universe. 

1.2.2.1.2 The Expansion of the Universe 
 

It appears that the concept of the `cosmological principle` is a key assumption that underpins many of the interpretations 

concerning the basic nature of the universe. In essence, this principle implies that the position of the Earth, within the universe, 

is not special and that, on a very large scale, the universe is both homogeneous and isotropic.  

 

 

So, within an expanding homogeneous and isotropic universe, an arbitrary frame of reference G1 will perceive everything 

moving away from itself. For example, if G3 is twice as far away from G1 as G2, then doubling the size of the space universe, 

would cause G3 to then be twice the distance from G1 as G2 in any given unit of time. As such, G3 will appear to have twice the 

recessional velocity of G2. This effect would create the illusion of any point being at the centre of an expanding universe. 

However, there is still the issue of whether this expanding universe has any centre of mass, by virtue of its homogeneous 

density. The cosmological principle would appear to reject this notion; for such a universe may not then be isotropic from every 

point. Of course, if the rate of expansion exceeds the pull of gravity, then the existence of a centre of gravity may not be 

obvious within any observations restricted to our own limited perception of our visible universe. See earlier discussion entitled 

‘Energy, Gravity and Expansion’  for details. It would also appear difficult to adhere to the cosmological principle, if the universe 

has any form of boundary, which might be assumed of any universe said to be finite in time. However, within the scope of the 

current cosmological model, the universe is thought to be finite in time, which then suggests the universe must also be finite in 

size, although without a definitive understanding of the rate of expansion throughout the entire existence of the universe, it 

http://www.mysearch.org.uk/website1/html/352.Expansion.html
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may have expanded to a near infinite size or, at least, to a size much larger than our visible universe. At this point, a conceptual 

model of a curved space universe is often presented, such as the expanding surface of a balloon, which are meant to suggest 

that while space, like the surface of the balloon, may be finite; it may not have any boundaries. Whether there is any real 

justification to the assumption that the totality of the space universe is curved back on itself to form a self-contained enclosed 

system is debatable, but by the same token, it may be as plausible as some of the many other assumptions underpinning the 

current cosmological model. So, with reference to the diagram above, G1 corresponds to an object that perceives itself at the 

centre of its own frame of reference, while G3 might be perceived as an object at the `edge` of the visible universe with respect 

to G1, while G2 is an object perceived to be halfway between G1 and G3. In practice, we might imagine that these objects are 

galaxies, which retain their size, but expand away from each other. Based on the initial assumption of a flat [k=0] universe, the 

present-day visible universe is said to have expanded from a singularity. While we can say that  the Hubble constant [H] is a 

function of the inverse of time [t], we have not yet 

been able to quantify the function as it appears to be 

dependent on the energy-density components 

assumed by any given model. 

 

[1]       

 

However, we can play around with the units of [H] and 

describe it as a recessional velocity [v] that is a 

function of distance [d], i.e. metres/second per metre, 

or alternatively it may be described as an expansion, 

i.e. metres/metre per second. However, while the 

reciprocal of [H] is often said to  reflect the 

approximate period of expansion, consideration of the 

fluid and acceleration equations leads to the 

conclusion the Hubble rate of expansion is not constant throughout time, but proportional to density [ρ] and pressure [P] 

changes. Based on an initial assumption of a dust-matter only model, [H] would decrease as a function of time by a factor 

H=2/3t and, as such, we might make a preliminary expansion model based on the reduced Friedmann equation: 

 

[2]         

 

In essence, we have just two variables, i.e. [H] and [ρ] for which there are initial present-day estimates, i.e. H=71km/s/mpc and 

density [ρ= 9.28*10
-27

 kg/m
3
]. In the simplicity of this initial model, the density [ρ] will change as a function of expansion and so, 

as the radius [r] is reduced, we are conceptually rolling back time towards the singularity.   The first thing to note, in the graph 

above, is that we have included the H=2/3t factor, such that the age of the universe is now reduced from the accepted figure of 

13.7 to 9.3 billion years. As such, the graph shows the decreasing value of the Hubble parameter [H] as a function of time, 

modified to account for the H=2/3t factor. However, the present-day value of [H] still aligns with the observed value of 

70km/s/mpc, which would rise to 4067km/s/mpc if the universe were wound back to just 1 billion years, again, based on the 

H=2/3t assumption. This initial model suggests that after just 200 seconds, the universe would have expanded to about 1 
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million light-years in radius with a Hubble rate equivalent to about a third of light speed per second per megaparsec. However, 

in many respects, the only purpose of this model is simply to draw attention to the fact that any estimate of the size of the 

universe is predicated on the assumptions implicit in the model. 

 

So, are we referring to its physical size or its visible size? 

 

 

 

Given that there is no absolute data about the physical size of the universe, let us make an initial, and overly conservative, 

assumption that the physical size of the universe is only slightly larger than the visible universe at 15 billion light-years. The 

graph above then tries to illustrate a number of basic concepts. The top red line shows a conceptual radius of a physical 

universe simply selected to drive the model in which the value of 15 billion light years was arbitrarily selected to be only slightly 

higher than the Hubble radius to highlight the potential variance in the 3 plots shown. As a general statement, the Hubble 

radius [c/H], i.e. the middle green line, might be defined as a cosmological horizon because any galaxies beyond this distance 

would now effectively be receding faster than speed of light at this distance. However, including the H=2/3t factor would lower 

the age of the universe, such that the light travelled distance [ct] would be smaller than the Hubble radius. Of course, if this 

were the case, the visible size of the universe would also appear to be constrained by its lower age, i.e. the speed of light time 

its revised age. This line of reasoning is simply to illustrate that the physical universe could be larger than the visible universe. 

 

So what happens to the model if we make the physical radius of the universe larger? 

 

Although we are going to change the assumed physical size of the universe in the next model, the value of the Hubble rate [H] 

and density [ρ] must still align to observations in the present era, i.e. the end point must be the same as the last model. 

However, because the universe has a larger volume, with the same density in the present era, its overall mass [M] must 

increase if we assume a larger physical universe. In the graph below, the age of the universe is unchanged, as by definition, it is 

a requirement of this simplified model that we end up at the age predicted by the dust universe, i.e. +9.3 billion years, with the 

observed values of [H] and [ρ].  
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Limited Perspective 

Clearly, it would seem that our perspective of the totality of 

universe is limited by the ability to observe beyond certain 

'horizons'. Later discussions will be more explicit about the nature 

of what might be called Cosmological Horizons. 

While the curve must again fall towards today value 

of [H=70], a larger universe must contract 

backwards in time at a faster rate of [H] in equal 

time. Hence the initial value of [H=21131km/s/mpc] 

is much higher than in the previous graph. The 

actual sizes used by this model are outlined and 

discussed with respect to the next graph. Here we 

see the conceptual size of physical universe 

increasing with time to another arbitrary, but larger 

value of 45 billion light years, although the end 

values of the Hubble and light travelled radius 

remain unchanged. On reflection, this makes sense, 

as we made it a requirement that the Hubble value 

[H] end up at the same value that we now observe. 

Equally, the visible radius would still be constrained 

by the reduced age of the universe, based on the 

matter-only assumption of our simple model. 

Another implication of the graphs has to be 

considered in the context of special relativity, which 

states that objects with mass cannot exceed the 

speed of light [c]. However, this postulate is said not 

to stop physical objects from moving apart faster 

than the speed of light, when caused by the 

expansion of the space between two objects as a 

function of time. Therefore, it possible for two very 

distant objects to be moving away from each other 

at a speed greater than the speed of light, which 

means that the other objects may disappear behind 

the visible horizon of any arbitrary observer. 

 

So what interpretations can be drawn from this 

initial model? 

 

Well, at face value, the model suggests that by 

simply increasing the rate of expansion, we can end 

up with a universe that matches our observations of 

the present-day visible universe, even though the size and age of the universe used do not align to the accepted values of the 

standard model. So while both these conceptual models produced a density compatible with present-day observations, they 

are predicated on conflicting assumptions. However, while these models are based on false assumptions; they do hopefully 

help illustrate the variable nature of any perceived size of the universe. 

  

http://www.mysearch.org.uk/website1/html/512.Horizons.html
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1.2.2.2 The Quantum Nature 
 

We started the discussion of the basic nature of the universe by stating that 

the cosmological principle infers that the universe, on the very large scale, is 

both homogeneous and isotropic. While this is only a general principle, based 

on observations within the present era, it is one that is broadly assumed to 

hold true throughout the entirety of space and time. However, the reversal of 

the expansion of the universe, in time, suggests a conceptual point of infinite 

density, which is often referred to as the singularity, although we might 

equally describe such a concept as ‘non-existence’, as a singularity would 

appear to have no physical dimensions. Today, quantum theory puts limits on 

how close any physical model might come to the singularity. Therefore, if we 

define the singularity in terms of the Planck scale, it is the point where all basic laws of physics cease to apply. Later, within 

the Big Bang model, we shall describe the universe in terms of its past, present and future evolution as a series of distinct phase 

transitions, but for now we are constraining the discussion to the fundamental transitions between the quantum and material 

nature of the universe. Previously, we anchored the discussion of the material universe in the observed values of the energy-

density [ρ] and Hubble parameter [H] in the present era, which we then tried to reverse-engineer back towards its quantum 

beginnings within the first second of existence. The following table simply provides a frame of reference to what might be 

described as the Planck scale, beyond which science is not yet able to follow. 

 

Quantity Value Derivation Comments 

Planck Length  1.6 x 10
-35

 m 

   

The smallest measurement of length with any 

meaning in quantum theory 

Planck Time   5.4 x 10
-44 

s 
   

Is the time for a photon, velocity=[c], to cross 

the Planck length 

Planck Mass   2.17*10
-8

 kg 
   

The mass of a black hole whose Schwarzschild  

radius [2GM/c
2
] approximately equals the 

Compton wavelength [h/mc] 

Planck Energy  1.9*10
9
 m

2
.kg/s

2
 

   
Energy conversion of Planck mass 

Planck Temp   1.41 x 10
32

 K 
   

Essentially the upper limit of temperature,  

where [k] is Boltzmann's constant 

 

Today, we perceive the visible universe as encompassing billions of lightyears of space, estimated to contain a 100 billion 

galaxies, each with as many as a 100 billion stars. However, as indicated, the implication of the current cosmological model is 

that if you put the universe into time reversal, it will ultimately collapse back towards the concept of a singularity, where all 

quantities fall below the definitions in the table above. At this point, you can either ‘believe’ that the universe popped out of 

absolute nothing or ‘speculate’ on some form of pre-existing universe from which the energy of our universe may have been 

http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/493.Material.html
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extracted. The words ‘believe’ and ‘speculate’ are highlighted because it is unclear that present science really has any coherent 

hypothesis of the processes, which may or may not have existed below our perception of the Planck scale. Some may refute 

this position, although when pressed for a response, the reply may seem to be little more than a vague suggestion that the 

concept of time and space simply disappear into the ‘ quantum foam’ such that any questions concerning ‘events’ prior to this 

‘time’ are effectively meaningless. 

 

Is there any consensus on this issue? 

 

While it is not surprising that ambiguity persists surrounding a process that we cannot yet describe using any known science, it 

is possibly fair to say that there does seem to be a steady shift in opinion away from the idea of some single point of absolute 

creation. However, we might also recognise that despite all the advances of science, we have essentially arrive at a similar point 

as previous generations: 

 

Who or what was the ‘prime mover’ of creation? 

 

Today, science usually tries to avoid introducing any anthropomorphic overtones, as might be suggested in the question above, 

by presenting the issues in terms of ‘complex’ mathematics, but which may be ‘simply’ based on false assumptions. 

 

So what can science say of the creation of the universe? 

 

Of course, this is a deliberately loaded question, because while it might be true that science cannot really describe the actual 

instance of the creation of our universe; it can present a strong argument for a logical sequence of events that begin just after 

this point. While we will discuss the details of the next table in the following section entitled ‘The Big Bang’, we might initially 

reflect on the timeline and the processes implied. 

 

Seconds Event Description Temp 

<10
-43

 Planck Era No concept of space or time > 10
32

K 

10
-43

 Quantum Gravity Unification of all 4 forces 10
32

K 

10
-35

 Grand Unification E-M/Weak and Strong forces unify 10
27

K 

10
-35

 Inflation Universe exponentially expands by 10
26

 10
27

K 

10
-12

 Electro-weak unification E-M and weak force unify 10
15

K 

10
-4

 Proton-Antiproton Creation of nucleons pairs 10
13

K 

1 Electron-Positron Creation of electrons pairs 10
10

K 

180 Nucleosynthesis Light elements formed 10
8
K 

9*10
12

 Microwave Background Universe becomes transparent to photons 3000K 

3.1*10
16

 Galaxy formation First galaxies start to form 20K 

4.2*10
17

 Physical Universe Galaxies, stars and planets 3K 

 

http://www.mysearch.org.uk/website1/html/16.Prime-Mover.html
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Current Perception 

Today, we perceive the visible universe as 

encompassing billions of lightyears of space, 

estimated to contain a 100 billion galaxies, 

each with as many as a 100 billion stars. 

However, as indicated, the implication of 

the current cosmological model is that if 

you put the universe into time reverse, it 

will ultimately collapse back towards the 

concept of a singularity, where all quantities 

fall below the definitions of the Planck scale. 

At this point, you can either ‘believe’ that 

the universe popped out of absolute 

nothing or ‘speculate’ on some form of pre-

existing quantum universe from which the 

energy of our local bubble universe may 

have been sourced. 

For the first second, the universe is assumed to be an incandescent ball of 

quantum plasma with temperatures that exceeded 10 billion degrees Kelvin. 

It is a universe dominated by quantum processes, which are at best 

speculative. After some 3 minutes or so, the universe is thought to 

have `cooled` to about 100 million degrees, which allows the nuclei of the 

light elements of hydrogen and helium to form via a process called 

`nucleosynthesis` . However, at these temperatures, any atomic structures 

are continually being stripped of their electrons by high-energy photons and 

therefore the universe is still opaque plasma. The details behind this process 

are considered by many cosmologists to be some of the most powerful 

arguments for the Big Bang model. After some 300,000+ years, the universe 

cools to about 3000 degrees, at which point, photons no longer have enough 

energy to ionise hydrogen. As the electrons associated with hydrogen 

collapse into their ground state, i.e. lowest atomic orbits, photons become 

effectively unimpeded and the universe is no longer opaque, i.e. the universe 

is transparent to light. This process is often referred to as 'decoupling' or 

'recombination'. Finally, after about 1 billion years of cooling, the first 

galaxies start to form and the ‘material universe’ we now observe begins to 

form. 

 

But what can be said about the quantum universe? 

 

It is possible to model the evolution of material universe, backwards in time, towards the quantum universe, based on the rate 

of change of some given energy-density within the universe, which conforms to the 1
st

 law of thermodynamic in as much that 

energy is thought to be generally conserved.  However, while many might disagree, this model does not really seem to explain 

the expansion of the universe itself, rather it allows an expansion of the model to be based on the assumptions of the 

Friedmann equation. While the previous statement may be contentious, what seems to be accepted is that this model will not 

work based on only normal baryonic matter and photon radiation. As such, the basic energy-density model has to be extended 

to include types of energy-density, which cannot be explained by the current particle model of physics. Even so, this extended 

model still fails to explain how the initial expansion of the universe was initiated plus it seems somewhat ambiguous as to how 

this expansion was maintained for the first 7 billion years of the universe. In response to some of the known problems of the 

initial Big Bang model, the inflation model of cosmology was proposed in the early 1980’s as a possible solution to some of 

these problems and, in so doing, provide a better rationale for the creation of the quantum universe. 

 

Scope for Speculation? 

It is possible to conceive of disconnected space-times, where each defines a universe. You might initially visualize this 

idea as a cluster of separate bubble universes, each enclosing a volume of spacetime that remains isolated from the 

collective 'foam' or what some might call the 'quantum universe'. We might speculate further by suggesting that each 

bubble universe may support its own spacetime topology, which in-turn supports different notions of matter and energy, 

plus different physical laws. As such, the scope for speculation would also appear to be capable of 'expansion' without 

limits. 

  

http://www.mysearch.org.uk/website1/html/356.Primordial.html#Nucleosynthesis:_1-180_seconds
http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
90 of 392 

 

Scalar Field 

In physics, a scalar field assigns a scalar value to 

every point in space. Scalar fields are required to 

be coordinate-independent in that any two 

observers, using the same units, will agree on 

the value of the scalar field at the same point in 

space. By way of a physical example, we might 

include the temperature distribution throughout 

space, the pressure distribution in a fluid or 

spin-zero quantum fields, such as the Higgs field. 

1.2.2.2.1 The Cause of Expansion 
 

While we have been generally running along with the idea that the 

universe expanded, we have not really asked the most obvious 

question: 

 

How and why did the universe expand? 

 

In contradiction to the implication associated with its name, the ‘Big 

Bang’ model does not actually describe the process of expansion in 

terms of an explosion, where matter is thrown outwards with kinetic 

energy with the debris travelling through existing space, but rather as 

the uniform expansion of every cubic metre of space as a function of 

time. If we initially assume that the universe is a closed system that 

represents the totality of everything, nothing could have existed outside 

the singularity and therefore expansion must have occurred from within 

the ‘inner space’ of the singularity. As such, we might question whether 

the simplicity of the Friedmann equation, as shown in its reduced form 

in [1], is valid throughout all of time; especially as the previously 

described ‘material universe’  is rolled back to its quantum beginnings 

 

[1]          

 

At face value, [1] appears to have more to do with the gravitation of 

some given density [ρ], which we might assume would only slow expansion, if the universe has some overall centre of gravity. 

Alternatively, we might consider the expansion of space in terms of a metric, e.g. the FRW metric, to see if it tells us anything 

about the cause of expansion. 

 

[2]       

 

Based on the assumption of a homogeneous energy-density at the largest scale of the material universe, the spatial curvature 

[k] is often set to zero. At smaller scales, matter can be bounded into high concentrations due to gravitational, electromagnetic 

and strong nuclear forces that form galaxies, solar systems, atoms and atomic nuclei. However, it would appear that neither [1] 

or [2] really provide any great insight to the question: 

 

What caused space to expand? 

 

http://www.mysearch.org.uk/website1/html/493.Material.html
http://www.mysearch.org.uk/website1/html/491.Metric.html
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To be honest, the general description of this aspect of the cosmological model can often appear frustratingly ambiguous, but it 

is clearly of central importance to any real understanding. While we shall return to this issue, we are also trying to extend the 

basic cosmological model to include the idea of inflation, which is thought to describe a very short period of exponential 

expansion within the very first second of existence. The cause of this expansion is sometimes described in terms of a ‘scalar 

field’, although the physics that supports this concept is not necessarily well understood. It is also unclear how the expansion of 

space continued after the inflation period, as the scalar field is thought to have decayed during this process. Within the wider 

discussion of what is referred to as the Concordance Model, we will introduce the idea of dark energy, which has the strange 

attribute of negative pressure, which in the present-era is thought to account for the accelerated expansion of the universe. 

However, immediately following the inflationary era, the density of dark energy is thought to have been so low that it would 

have had no effect on the expansion of the universe until after some 7 billion years of elapsed time. At this point, some vague 

idea of the inertia of space is sometimes introduced to suggest that all the matter within the universe, put in motion by the 

initial inflation process, continues presumably based on some geometric concept of inertial momentum applied to space. 

 

But can space expand due inertia? 

 

Well, the first problem associated with this question is whether we really understand what causes inertia, because in many 

ways, even today, science only really describes the effect and not the cause of inertia. The second problem is that we usually 

associated inertia with the mass of an object moving through space and not with the expansion of ‘empty’ space. The 

word ‘empty’ is highlighted because in the context of the vacuum of space, quantum theory forwards the idea that the vacuum 

might consist of a form of energy that science is still debating, which might have some form of inertial energy-mass. However, if 

the singularity is assumed to contain all of existence, then nothing can exist outside the universe and the expansion of space 

has to be driven from within. As such, it seems difficult to reconcile the idea of inertia with the expansion of space itself, at 

least, when described in these terms. Alternatively, we might consider the possibility that our universe is not the sum total of 

existence, but simply part of a larger system that is not yet perceived. 

 

So is there anything more we can say about expansion at this point? 

 

Given that we have not really answered the previous questions, we might wish to pursue the issue a little further by first 

considering the implications within the accepted scope of the Friedmann and Acceleration equations. However, first we will 

make a few simplifying assumption within the scope of our initial homogeneous dust model based on flat spacetime, i.e. [k=0]. 

So, within the scope of this model, we can convert an energy-density [ρ] back into an effective mass [M] based on the volume 

implied by the radius [r]: 

 

[3]       

 

http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/344.Acceleration.html
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We can see that the logic of [3] starts with the form of the Friedmann equation, which the classical derivation rooted in the 

conservation of energy. This is also the starting point of [4], which also makes the assumption that the total energy is zero. 

 

[4]         

 

As such, the results in [3] and [4] would appear to be identical, which is not so surprising, as they are both based on the same 

conservation of energy premise. However, the implied direction of the velocity in [3] and [4] are reversed. In [3], it is assumed 

that the velocity relates to the outward expansion, which seems vaguely reflective of the idea of an ‘escape velocity’ with 

respect to mass [M]. In contrast, [4] is essentially reflecting the ‘free-fall velocity’ under gravitational acceleration. Therefore, 

we might wish to also compare the acceleration related to [3] and [4]: 

 

[5]       

 

The form of [5] is associated with [3] through the Fluid and Acceleration equations, which were rooted in the 1
st

 law of 

thermodynamics. It is the derivation of the Fluid equation that introduces the negative sign in [5], although as pointed out, this 

did not implicitly infer either expansion or contraction, only that expansion causes [dρ/dt] to be negative. In contrast, the 

determination of the gravitational acceleration in [6], associated with [4], has its roots in Newton’s 2
nd

 law of motion: 

 

[6]       

 

http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/343.Fluid.html
http://www.mysearch.org.uk/website1/html/344.Acceleration.html
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It may be noted that the direction of the acceleration in [5] and [6] is reversed, but consistent with the premise of [3] and [4] 

respectively. If we assume the velocity in [3] to be positive, then the negative acceleration in [5] reflects the suggestion that the 

expansion of the universe is slowing down, unless acted on by some component with negative pressure. In contrast, if we 

assume the velocity in [4] to be positive, then the positive acceleration simply reflects the increasing velocity under free-fall 

acceleration. 

 

So how are we to interpret the implications of these equations? 

 

At one level, all the equations seem to be consistent to the conservation of energy, where any change in kinetic energy is 

matched by a complementary change in the gravitational potential energy. However, we possibly need to be a little more 

specific as to how gravitation fits to the picture of an expanding universe, at least, as implied by [3]. Of course, the effect of a 

gravitational force in an expanding universe depends on what assumptions are made about the universe, as a whole, which we 

might again consider in terms of ‘Newton’s Shells’. For simplicity, we shall reduce all possibilities to just 2 basic forms: 

 

 Model-1:  

This model assumes the universe to be analogous to a large spherical volume of homogeneous density of radius [r], which 

exists within an infinite and absolute vacuum. As such, this homogeneous volume will have an effective mass [M] with a 

defined centre of gravity. The force on an object like a galaxy with mass (m) at a radius [a<r], i.e. within the homogeneous 

volume, is linearly proportional to [a]. This is because the effective mass [M] is proportional to [a
3
], as the gravitational 

effect of the mass outside [a] cancel out. The force on any object of mass (m) at a radius [a>r], i.e. outside the 

homogeneous volume, would be subject to the normal inverse square law [1/a
2
], but also ‘outside’ our local universe.  

 

 Model-2:  

This model may also assume a universe with a homogeneous density, but now its volume might be thought to conceptually 

extend to infinity. However, the logic of Newton’s Shells now appears ambiguous as it is difficult to resolve whether any 

object [m] has a near-zero or near-infinite radius as the centre cannot be specified. 

 

As such, we have defined 2 potential models of the universe, either of which might align to the description of our universe in 

the present era. Of course, we must also consider the fact that both of these models would have undergone expansion. 

 

 Model-1:  

At this point, we are only interested in the effects of expansion within the ‘local’ universe, as defined by the 

homogeneous density. Therefore anything inside this volume, co-moving with the expansion, would also see its radius 

[a] from the centre of gravity expand. However, the mass [M] contained within any arbitrary radius [a] does not 

change during this expansion, as the change volume is balanced by the changed density. It is highlighted that any 

expansion of this model might now be slowed by the gravitational pull towards its centre of gravity.  

 

 Model-2:  

This model might appear to align to the standard cosmological model, at least in its original form, as it is assumed to 

have no obvious centre of gravity. If so, there does not appear to be any obvious reason why the expansion of this 

universe would be slowed by gravity, if the density is homogeneous on the large-scale; although local perturbation 

might still account for local concentration, i.e. galaxies. 

http://www.mysearch.org.uk/website1/html/348.Implications.html
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Inflation Model 

There is a suggestion within the basic inflation 

model that a 'bubble universe' expanded out of 

a pre-existing 'quantum universe'. If so, it may 

be possible that our 'visible universe' exists as 

only a small region within the bubble universe. 

Should this be the case, it might allow the issue 

of a centre of gravity to be modelled. 

At this point in the discussion, we are only considering potential ideas, which may be later rejected by the rigour of general 

relativity and/or quantum theory. However, it is worth remembering that if we turn back the clock to when the Big Bang was 

first conceived, in 1922, linked to the derivation of the Friedmann equations, the concept of inflation and dark energy did not 

yet exist. As such, it was a model that only contained radiation and matter modelled as dust and therefore we might yet again 

be compelled to ask the questions: 

 

What caused the physical expansion of space? 

 

Clearly, there is a suggestion that we still lack a coherent explanation as to how the universe expanded. So, at this point, let us 

forward some speculative assumptions, which we may have to subsequently modify, to see how they shape up as we delve 

deeper into the issues: 

 

1. The universe has no centre of gravity and, as such, the expansion of the universe cannot be subject to any 

gravitational slow down.  

 

2. The concept of space continuing to expand due to some form of geometric inertia is too vague and is more 

representative of the effect rather than the cause.  

 

3. If (1) and (2) are true, then the expansion of the universe requires a cause, which has to exist throughout the entire 

timeline of the universe. 

 

In the present context, we are starting to consider the effects of 

including a preliminary inflation model, as a prerequisite phase, before 

the start of standard big-bang model. While the details of the inflation 

model itself will be the subject of another discussion, we might initially 

consider the implication of the inflation model on the description of the 

universe, as a whole. So far, we have defined a ‘visible universe’ simply 

in terms of the speed of light [c] times the age of the universe. However, 

we have already shown that this definition is relatively arbitrary and 

does not necessarily reflect the size of the ‘physical universe’. Of course, 

without knowing the actual rate of expansion, at all times, we can only guess at the potential size of the physical universe. 

However, the inclusion of the inflation model introduces two further definitions, which we might refer to as the ‘bubble 

universe’ and the ‘quantum universe’ that we might then align to either Model-1 or Model-2, as described above. In essence, 

the bubble universe is analogous to the physical universe, which is assumed to have expanded out of a conceptually infinite 

quantum universe. While we not know the size of the bubble universe, it is possibly easier to speculate that it does have a finite 

size. In this respect, the bubble universe might be said to better align to the description of Model-1 and, as such, it would have 

a centre of gravity. However, the effect of this centre of gravity on our visible universe would depend on its position within the 

larger bubble universe. 

 
 

 

 

http://www.mysearch.org.uk/website1/html/499.Inflation.html
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In the diagram above, the total size of the bubble universe is defined by its radius [r]. However, the effective radius used to 

calculate the gravitational force [F] and the acceleration due gravity [g] is defined by [a], i.e. the assumed position of our visible 

universe within the bubble universe. Although we can only speculate as to the size of the bubble universe within this model, we 

might simply consider an example where [r] is 100x greater than our visible universe. Within this example, mass [m] will be 

assumed to correspond to a typical galaxy within our visible universe. As such, we can proceed to calculate the gravitational 

force [F] and the acceleration [g] on [m] by the effective mass [M] corresponding to the density contained within the volume 

defined by radius [a]. 

a Radius Volume Density Mass [M] mass [m] 

1 1.29E+28 9.03E+84 9.50E-27 8.58E+58 1.94E+41 

0.001 1.29E+25 9.03E+75 9.50E-18 8.58E+58 1.94E+41 

0.000001 1.29E+22 9.03E+66 9.50E-09 8.58E+58 1.94E+41 

 

a Years F=GMm/a
2
 g=GMm/a

2
 

1 Now 6.65E+33 3.43E-08 

0.001 437,000 6.65E+39 3.43E-02 

0.000001 <1 6.65E+45 3.43E+04 

 

The first entry in the table above reflects the example outlined in the present era and while the gravitational force [F] on [m] 

might appear enormous, the more significant factor is the acceleration [g], which is 9 orders of magnitude smaller than normal 
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Speculative Model 

At the end of this discussion, a speculative 

model outlines two potential implications. 

1) If the bubble universe has a centre of 

gravity, the expansion of this universe may 

be subject to some form of gravitational 

slow down, although this slow down would 

weaken with expansion. 2) Not only does 

the expansion of the bubble universe 

require a cause, which has to exist 

throughout the entire timeline of the 

universe, but this cause must be sufficient 

to overcome a potentially enormous 

gravitational acceleration in the earliest 

stages of expansion. 

Earth gravity. The next 2 entries are reflective of the universe contracting in size as time is reversed back towards the cosmic 

singularity. However, it is highlighted that the effective mass [M] does not change with the reducing radius [a], as the density 

increases by a corresponding amount. As such, it can be seen that the effect of gravitational acceleration [g] must become an 

increasingly significant factor in the early stages of an expanding universe. However, we might make a number of comments 

based on the results above: 

 

 The strength of gravitational acceleration [g] would depend on the position of the visible universe within the bubble 

universe, i.e. it depends on [a].  

 

 If the visible universe was significantly smaller than the bubble universe, as reflected in the diagram above, the 

gravitational acceleration would effectively be uniform over the entire visible universe.  

 

 Based on the table above, the gravitational acceleration [g] might be so small as to be virtually impossible to detect in 

the present era, especially in comparison to the expansion of space. 

 

 However, the implication of increased gravitational acceleration [g], as the universe is contracted back in time, 

suggests that overall expansion of the bubble universe would have had to overcome the inherent probability of 

gravitational collapse in its earliest stages. 

 

Based on the comments above, this speculative model would require us to 

modify, and possibly rationalise, the original assumptions made above as 

follows: 

 

1. If the universe has a centre of gravity, the expansion of the 

universe will be subject to a gravitational slow down, but this slow 

down would weaken with the net expansion  

 

2. Not only does the expansion of the universe require a cause, which 

has to exist throughout the entire timeline of the universe, but this 

cause must be sufficient to overcome the enormous gravitational 

acceleration in the earliest stages of expansion. 

 

So if the bubble universe associated with the inflation model does have a 

centre of gravity, the inflation model must also explain how the initial 

expansion of the bubble universe overcame the inherent probability of 

gravitational collapse. While the effect of gravitational acceleration [g] on the visible universe might have weaken relatively 

quickly due to inflation, the subsequent expansion of the universe would still require a cause, if we are to  discounted the idea 

of space simply continuing to expansion based on some vague notion of inertial momentum, i.e. 

 

What physics describes how space itself expands? 
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Health Warning 

In this section, related to the basic nature of 

the universe, we have indulged in an 

increasing amount of speculation, which has 

gone well beyond the limits of inference. 

Initially, the justification for this speculation 

was to simply illustrate how the 

development of cosmology may have 

encouraged the presentation of ideas, 

which may not necessarily have adequate 

foundations. 

1.2.2.2.2 The Need for Inflation 
 

At this point, we are only really trying to justify the need for some form of inflationary process rather than attempting to 

explain the technical details, which are addressed further in subsequent discussion. Therefore, as a generalization, it will simply 

be stated that the inflation model of the very early universe requires a very, very short period of exponential expansion in 

which the universe is thought to have grown by ~2
100

, i.e. from about 10
-35 

metres to 10 centimetres in something of the order 

10
-32

 of a second. 

 
However, it will be highlighted from the outset that the basic inflationary 

model does not necessarily explain the subsequent introduction of dark 

energy, which might be described as another hypothetical addition to the 

standard model of cosmology, which has not really been reconciled with 

the standard model of particle physics. However, this level of detail will be 

taken up under the heading of the ‘Concordance Model’. Within this 

prelude to the main discussion of the ‘Big Bang’ model, we have already 

introduced the Friedmann equations of cosmology and the FRW metric said 

to describe the expansion of spacetime. However, on a number of 

occasions, issues have been raised with this basic model regarding the 

actual cause of expansion. In its original form, the Big Bang model appeared 

to provide no coherent explanation as to why the universe might have 

expanded and, in addition, there were a number of known problems with this theory, beyond the anomalies of age, size and 

density composition, as outlined in the discussion 'Material Nature' 

http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/491.Metric.html
http://www.mysearch.org.uk/website1/html/493.Material.html
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Continuing Speculation 

With the 'health warning' above noted, it 

would appears that the Big Bang model, in 

isolation, does not provide a fully coherent 

explanation of the universe we now 

observe. If this is the case, there will be 

further need for 'speculative' hypotheses, 

which may run ahead of the ability of 

science to fully verify for some considerable 

time. 

 Flatness Problem  

While we have often assumed k=0, if [k] deviates just a little from zero, this difference must have been increasingly small in 

the past as the radius of the universe decreases with time, i.e. k is proportional to 1/radius
2
. As already indicated, the 

flatness of today's universe would have required the flatness of the universe after 1 second to be less than one part in 

10
14

. 

 

 Horizon Problem  

The description of this problem is usually outlined in term of causality, i.e. how can different regions of space, which are 

separated by a distance greater than the speed of light multiplied by the age of the universe, all have the same cosmic 

background temperature? 

 

It is generally assumed that inflation takes place so quickly, nothing within the universe has time to move in a relative sense, 

while the exponential expansion process is taking place, so everything remains essentially fixed in its original homogeneous and 

isotropic state, which is a requirement of the subsequent mass-energy model. However, while the basic idea of an exponential 

expansion might be traced back to Willem deSitter, in 1917, Hubble's observations, in 1929 only suggested a linear expansion 

with distance, such that the deSitter model of exponential inflation initially appeared to be unrealistic. Later, in response to 

growing problems with the standard Big Bang model, inflation was rediscovered as a potential solution. While Alexei 

Starobinsky developed the first basic model, at the end of the 1970s, it was not called inflation and was apparently very 

complex. Subsequently, in 1981, Alan Guth  published another model, which 

was the first to carry the title of an 'inflation model`. However, since the 

proposal of what is now sometimes termed ‘old inflation’ by Guth in 1981, 

many new inflationary models have been proposed: 

 

o Chaotic inflation, 

o Eternal inflation, 

o Stochastic inflation, 

o Modified gravity, etc. 

 

One conclusion of the list above is that the development of new models 

reflects the need to make the model fit the ever-growing demands of more 

detailed observations being driven by new technology in the field of astrophysics. However, with this reservation stated, there 

clearly appears to be a need for some sort of inflationary model as a prerequisite to the standard model, which might be 

enough justification for us to continue to pursue some speculative ideas. 

 

How might inflation affect the earlier assumptions about the cause of expansion? 

 

Let us start with the conceptual assumption that the universe originated as singularity, i.e. a point with no dimensions and 

infinite density, some 13.7 billion years ago. As indicated, quantum theory can only really rationalize down to the Planck scale, 

even so the predicted density would have been in the order of 10
97

 kg/m
3
. Of course, the first question that comes to mind is 

how anything that density could expand, especially if we assume that it was subject to the force of gravitational collapse. 

However, taking one step at a time, it appears that quantum theory does allow, in concept, what might be called a ‘bubble 

universe’ to emerge within a pre-existing ‘quantum universe’ provided that it contained zero net energy. This concept is often 

http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/514.Cause.html#What_caused_the_physical_expansion_of_space
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referred to as vacuum fluctuations or zero point energy. However, this quantum uncertainty only allows for the temporary 

creation of a `bubble` of energy on the basis that the less energy involved, the longer the bubble can exist. Of course, if the 

universe had net-zero energy, quantum theory might then allow the bubble to exist for a much longer time. Even so, this 

quantum bubble has to ultimately account for all the mass-energy within the present universe and the energy needed to 

overcome the initial potential for gravitational collapse, if the bubble universe has a centre of gravity, as previously described. 

We might generalize on a number of issues as this stage: 

 

1. In the very earlier universe, gravity may not have existed as a separate force and therefore an initial phase of 

exponential expansion could have taken place unopposed by any form of gravity. In this context, the cause of the 

expansion is often attributed a quantum scalar field with the property of negative pressure.  

 

2. However, as the gravitational force unravelled, in the first second of existence, the flatness problem still requires the 

energy-density to be ‘crushed’ into almost absolute homogeneous uniformity.  

 

3. On this basis, the expansion of the early universe would need to be a 'balancing act' between driving the expansion in 

opposition to gravitational collapse, while allowing sufficient gravitational effects to create the required 

homogeneous density. 

 

At this stage, we are not attempting to explain how the inflation model might solve these issues; rather we are simply 

highlighting the potential need for inflation and the requirement being place on this model. It is worth highlighting that the 

basic premise of the inflation model appears to need a quantum universe to pre-exist from which the bubble universe emerges 

and in which our observable universe might exist - somewhere. Whether quantum theory is sufficiently developed to speculate 

further on this aspect on the model is really beyond the scope of this discussion, but it might worth tabling some comments and 

questions that surround these speculative issues. 

 

 The cosmological model that follows the inflationary model would require the bubble universe to have a huge energy-

density, which after cooling due to further expansion, consists of matter, both baryonic and dark, plus radiation in the 

form of photons.  

 

 Following inflation, there is nothing in the energy-density make-up that seems to explain the continued expansion of 

space. However, the model is still assumed to expand as defined by the Hubble parameter as a function of time. 

 

So is there an additional requirement for some expansive cause? 

 

 If the bubble universe expanded within the pre-existing quantum universe, it is unclear whether the bubble universe can 

be described as closed energy system. 

 

Can energy flow between the quantum and bubble universe(s)? 

 

 It was suggested that quantum theory might require the bubble to have net-zero energy, which might be described in 

terms of an equal amount of positive and negative energy. 
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Would a centre of gravity allow gravitational potential energy to 

be accounted as negative energy and what would account for 

the required positive energy, e.g. energy-density*volume? 

 

Could the cause of expansion be the result of some form of 

energy-density differential between the bubble and quantum 

universes? 

 

Is the entropy of the universe simply the process of the energy 

differential between the bubble and quantum universes 

equalizing over time? 

 

In this section related to the basic nature of the universe, we 

have indulged in an increasing amount of speculation, which has gone well beyond the limits of inference. In part, the primary 

justification for this speculation was to simply illustrate how the discussion of cosmology can encourage the development of 

ideas, which do not necessarily have any solid foundations in terms of verification. 

 

1.2.3 The Concept of Space-Time 
 

At this point, we need to try to qualify some of the previous 

descriptions of the ‘nature of the universe’ by adding some additional 

concepts related to spacetime. While this discussion of relativity has 

been now been superseded by the specific discussion of both ‘special 

and general relativity’, there may still be some benefits to presenting 

some of the basic tenets of general relativity for reference within the 

current discussion: 

 

 Relativity, The Basic Tenets 

o Flat Space, Curved Spacetime? 

o Spacetime Curvature 

o Spatial Curvature 

 

As far back as 1908, Hermann Minkowski proclaimed that our intuitive understanding of space and time was fundamentally 

flawed and that only spacetime existed. 

 

Henceforth space by itself, and time by itself, are doomed to fade away into mere shadows, and only a kind of union of 

the two will preserve an independent reality. 

 

While not arguing with one of the great mathematicians of his day, it is possible that the concept of spacetime needs to be put 

into some practical context. While accepting that 4D spacetime is an important concept for explaining time dilation and space 

contraction in terms of a `spacetime interval`, it is not clear that an intuitive distinction between time and space cannot still be 

retained for most general descriptions. 

http://www.mysearch.org.uk/website1/html/492.Nature.html
http://www.mysearch.org.uk/website1/html/237.Relativity.html
http://www.mysearch.org.uk/website1/html/237.Relativity.html
http://www.mysearch.org.uk/website1/html/373.Relativity.html
http://www.mysearch.org.uk/website1/html/374.Curvature.html
http://www.mysearch.org.uk/website1/html/375.SpaceTime.html
http://www.mysearch.org.uk/website1/html/376.Space.html
http://www.mysearch.org.uk/website1/html/246.Separation.html
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Douglas Adams 

“Space is big. You just won't believe how 

vastly, hugely, mind-bogglingly big it is. I 

mean, you may think it's a long way down 

the road to the drug store, but that's just 

peanuts to space.” 

Albert Einstein 

"Physical objects are not in space, but these 

objects are spatially extended. In this way 

the concept 'empty space' loses its 

meaning." 

 In many respects, the real paradigm shift between Einstein and Newton was 

the notion that time was relative and not an absolute concept, rather than 

necessarily implying that space and time could not still be treated as distinct 

quantities, especially within a single frame of reference. After special 

relativity, in 1905, Einstein published general relativity, in 1915, which 

expanded on the idea of spacetime curvature, which might be most readily 

understood in terms of the Schwarzschild metric, which describes the effects 

on both space and time caused by a specific mass [M] with an unambiguous centre of gravity. However, the primarily effects of 

general relativity are normally subject to interpretation by a distant observer and not normally within the observed frame of 

reference itself, i.e. an observer in free-fall can be subject to both relativistic velocity and gravitation but does not perceived 

local time dilation or spatial curvature. Equally, as suggested, the more dramatic effects of this form of space-time curvature 

are typically localised to points of extreme gravitational mass, e.g. black holes. In stark contrast, the FRW metric is based on the 

assumptions of a homogeneous density universe, which reflects the expansion of space as a function of time as defined by the 

scale factor a(t). For example, if we assumed the spatial curvature is flat, by setting [k=0], the large-scale geodesic nature of 

spacetime might be initially visualised in terms of 2 photons moving in parallel, e.g. 1 metre apart, but after a sufficiently long 

period of time this space would be subject to expansion and therefore our parallel photons might be described as following a 

curved or geodesic path in spacetime rather than a classical straight line. However, it is not the goal of this section to appear to 

be rejecting any of the ideas of relativity; simply that some aspects of theoretical physics, such as N-spatial dimensional 

manifolds, may not be that meaningful to anybody, but a trained mathematician, and therefore counter-productive when 

simply trying to acquire a general understanding of cosmology. As such, the 

focus will be put on examining the basic ideas that support the accepted 

cosmological models, and in doing so, tries to understand and question what 

aspects of these models remain essentially unverified hypothesis. Therefore, 

the following sub-sections will simply review some of the key concepts that 

collectively define the nature of spacetime prior to some further discussion 

of the specific assumptions underpinning the ΛCDM concordance model. 

 

 Energy, Density and Pressure 

 Energy Components 

 

1.2.3.1 Relativity: Basic Tenets 
 

Today, the nature of any cosmological model is often said to reflect the large-scale effects of general relativity, even though 

there is increasing emphasis being put on the thermodynamics and quantum theory in order to explain many of the observed 

anomalies. We might try to summarise the main tenets of relativity as follows: 

 

1. In any local frame, nothing travels faster than light. 

2. Gravity also propagates at the speed of light. 

3. Space and time are not absolute concepts. 

4. Matter tells space how to curve. 

5. Space tells matter how to move. 

6. E=mc
2
 

http://www.mysearch.org.uk/website1/html/275.Schwarzschild.html
http://www.mysearch.org.uk/website1/html/290.Blackholes.html
http://www.mysearch.org.uk/website1/html/491.Metric.html
http://www.mysearch.org.uk/website1/html/377.Concepts.html
http://www.mysearch.org.uk/website1/html/381.Components.html
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The previous summary is a little terse, such that each statement possibly requires some 

additional clarification in order to provide some general background to the following 

discussions concerning curvature and energy: 

 

1. While there are some speculative theories that suggest that the speed of light [c] may 

not have always been a constant, for now, we shall assume that its value has remained 

unchanged throughout time. In part, the reason for making this statement is based on 

Einstein equation E=mc
2
, i.e. any change in [c] would also infer some change in energy. 

However, this statement does not prevent the perception of superluminal recessional 

velocities in the context of an expanding universe.  

 

2. General relativity replaces the notion of a gravitational force with a curvature of 

spacetime; therefore a moving mass can cause `ripples` to form in the overall curvature 

of spacetime. These ripples or waves travel with the same speed as light and, as such, 

there can be no instantaneous change in the gravitational attraction between 2 masses. 

  

3. Based on tests to-date, it would seem that there is sufficient evidence to support the 

claim that the measurement of time and space are relative, not absolute concepts. However, such concepts are usually 

only manifest when relativistic speeds are involved or there is close proximity to an extreme source of gravitation.  

 

4. On the basis that mass is energy, it is assumed that any energy density will have an associated gravitational effect, which in 

terms of general relativity is described as a curvature of spacetime. The ambiguity that arises from considering matter as 

energy is that it is unclear how all the energy densities, supported by the ΛCDM model, exist in the vacuum of space 

without inferring some quantum structure on space itself.  

 

5. The previous ambiguity is highlighted even further by the statement that space tells matter, and presumably energy, how 

to move. Again, there appears to be an implication that the vacuum of space must have some form of structure or 

geometry to which energy can be ‘anchored’ in order to influence the movement of matter. In this context, the motion of 

matter is not characterised as the action of a force, but rather that mass-energy simply follows a straight line in curved 

spacetime, i.e. a geodesic. This is also said to explain why objects fall independent of their mass.  

 

6. Matter, by virtue of Einstein’s equation E=mc
2
, might be described as energy with structure. By the same argument, 

Planck’s equation E=hf, suggests that radiation is also a form of structured energy. If this is the case, then many of the 

statements that relativity, and classical physics, applies to matter may also apply to structured energy in whatever forms 

possible within the totality of the universe. However, the mechanism by which energy-density curves space or slows 

expansion on the scale of the universe is not clear. The transition from Newtonian gravity to GR spacetime is clearly an 

important assumption in modern cosmology and it is John Wheeler’s adage that stated: 

 

Matter tells spacetime how to curve, and  

Spacetime tells matter how to move 
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David Bohm  

In relativity, movement is continuous, 

causally determinate and well defined, 

while in quantum mechanics it is 

discontinuous, not causally determinate 

and not well defined. 

As such, it is intended to encapsulate the basic relationship between the 

geometry of spacetime and the density and pressures contained within it. 

However, the adage can also be turned around so that it ends up questioning 

the premise itself: 

 

How can space, which if assumed to be empty, expand and how is the 

‘nothingness’ of the vacuum curved, so that it may tell matter how to move? 

 

What is not always clear is how the curvature of spacetime, on the scale of the universe, is being modelled. Therefore, the 

purpose of the next discussion entitled `Flat Space, Curved Spacetime` is to try to basically understand the differences between 

spatial and spacetime curvature and what mechanisms account for this curvature. While GR is the preferred starting point for 

many, there may still be some advantage of correlating the description of GR to Newtonian approximations, at least, from an 

initial learning perspective. For example, in the same way that physicists still refer to the wave-particle duality, it may be useful 

to consider a force-curvature duality, if it helps visualise some aspects of the description which may ultimately have to be 

addressed within the complexity of general relativity. However, we shall start by making reference to the Newtonian notion of 

gravity as a force: 

 

[1]       

 

In the context of discussing the nature of spacetime, we are also interested in the overall energy density of any given volume of 

space. Therefore, any mass-energy density may also have an implicit potential energy associated with gravitation, which can be 

presented via the integration of force with distance [r]: 

 

[2]       

 

One of the key issues with respect to applying these equations to the universe at large concerns the homogeneity of the mass-

energy distribution. A flat (k=0) homogeneous universe appear to be based on the assumption that it has no centre of gravity, 

but this only seems to be classically consistent with an infinite universe, i.e. see Newton Shell Theorem. 

 

So what additional insights does GR bring to the table? 

 

While the John Wheeler quote above is a most succinct simplification, and therefore a definition that a non-expert might wish 

to grasp onto tightly, it possibly does not address the nature of matter as a specific form of structured energy or how space 

controls the movement of structured energy without itself having structure in the absence of any concept of a force. In many 

respect, we seem to be asked to accept that a free-falling object, i.e. one that is experiencing no net force, will simply move 

along a spacetime geodesic because it represents the shortest path in spacetime. In this respect, it often appears that 

spacetime is only being described in terms of geometry, as if this abstract mathematical concept exists without any reference to 

physical structure. Therefore, at this point, we may wish to table a question: 

 

http://www.mysearch.org.uk/website1/html/374.Curvature.html
http://www.mysearch.org.uk/website1/html/350.Shells.html
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Does spatial curvature have to be localized around a centre of gravity and, if so, can a homogeneous universe with no centre of 

gravity be spatial curved? 

 

In many ways, this is the sort of question that the next section tries to consider in the discussion concerning the distinction 

between  spatial curvature and  spacetime curvature and the subsequent discussion of energy, density and pressure. However, 

we shall conclude this discussion with reference to a solution of Einstein’s Field Equation in the form of the Schwarzschild 

metric: 

 

[3]       

 

Without going into any of the complexity of the mathematics associated with this equation, we can immediately simplify the 

essence of the equation above by only considering a free-fall solution along a radial path, which involves only the [dt] and [dr] 

terms: 

[4]       

 

While the ‘spacetime interval [ds]’ is invariant any local measure of spacetime may differ from the measurements inferred  on 

the right of [4], which corresponds to some distant observer in the coordinate system defined by [dt] and [dr]. The variable [Rs] 

is known as the Schwarzschild radius, which is often associated with the radius of a black hole event horizon. However, in the 

present context, it might be more appropriate to simply say that the Schwarzschild radius correspond to a radius at which the 

escape velocity exceeds the speed of light [c]. We can quickly show that while the Schwarzschild metric in [3] is a solution of 

general relativity, the links to Newtonian physics still remain. The derivation of the Friedmann equation in this website was 

shown to align to the assumption of the conservation of energy and [k=0] and that we can re-arrange a form of the Friedmann 

equation to derive [Rs]: 

 

[5]       

http://www.mysearch.org.uk/website1/html/376.Space.html
http://www.mysearch.org.uk/website1/html/375.SpaceTime.html
http://www.mysearch.org.uk/website1/html/275.Schwarzschild.html
http://www.mysearch.org.uk/website1/html/275.Schwarzschild.html
http://www.mysearch.org.uk/website1/html/246.Separation.html
http://www.mysearch.org.uk/website1/html/342.Friedmann.html
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Roy H. Williams  

General Relativity and Quantum Mechanics 

are both accepted as scientific fact even 

though they're mutually exclusive. Albert 

Einstein spent the second half of his life 

searching for a unifying truth that would 

reconcile the two. 

Nature of Curvature 

While general relativity describes both 

spatial and spacetime curvature, it does not 

make any direct judgement about the 

curvature of the universe as a whole. 

However, at this point, we only have to accept that [Rs] represents a point 

around any centre of gravity defined by [M], where the gravitational escape 

velocity exceeds the speed of light [c]. Therefore, in the present context, we 

are primarily using the ratio [Rs/r] as measure of relative gravitational 

strength, analogous to the relative velocity defined by [v/c] used in special 

relativity, irrespective of whether we describe it in terms of a force or 

curvature. So, only when [Rs/r=1] are we defining an event horizon where 

light cannot escape, but in general, [4] is used to simply reflect the 

gravitational effects defined by [Rs/r] on both time [dt] and space [dr] at any point in the universe. However, it would seem that 

without a centre of gravity, a homogeneous model of the universe would have an [Rs/r] value of zero, reflecting null spatial 

curvature, i.e. k=0, and consistency of cosmological time throughout the universe for all objects shown to be stationary with 

respect to the Cosmic Microwave Background (CMB). The issue and definition of a ‘peculiar velocity’ of most galaxies with 

respect to the CMB radiation will be expanded in a later discussion. 

 

1.2.3.1.1 Flat Space, Curved Spacetime? 
 

One of the first visualisation of spacetime curvature we often come across is the idea of a heavy ball on a rubber sheet. Of 

course, this image has its limitations in that it is just illustrating the curvature of 2D-space, where time is not really being 

addressed. 

 
 

So we will move quickly onto the centre collage of a sphere with a triangle 

on it, highlighting that the angles of this triangle don’t add up to 180 

degrees within this curved geometry. In addition, this visualisation also 

suggests that parallel lines in some geometries may converge. Possibly, the 

next step leads us naturally to the balloon analogy of cosmology, alluding to 

not only curvature, but also the expansion of the universe. However, we 

should note the caveat that comes with this visualisation, which states that only the surface of the balloon, not its volume, is 

included in the model. 

 

So what frame of reference is the surface of the balloon universe said to be curving around? 

 

http://www.mysearch.org.uk/website1/html/393.Terminology.html
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Douglas Adams  

The whole fabric of the space-time 

continuum is not merely curved, it is in fact 

totally bent. 

Spacetime Continuum  

If we simply merge space and time into a 

single continuum, where time is simply 

another variable of separation, how do we 

make the distinction between past and 

future? 

Often, this analogy is accompanied with an almost subliminal message that it might also explain how a finite universe is 

boundless, i.e. the surface of a sphere has no edge. However, it is not clear whether anybody can really justify this position, i.e. 

 

Is it really saying that setting off in any direction only leads back to the start? 

 

This analogy is also somewhat contradicted by the apparently spatial 

flatness of the ΛCDM concordance model , which we shall discuss in a later 

section. Of course, most presentations of this nature are normally focusing 

on the curvature resulting from the proximity to some large mass-density, 

which does not necessarily reflect the assumptions of a low mass density 

homogeneous universe, which may or may not have a centre of gravity. Of course, if we accept that mass is just a form of 

energy, i.e. E=mc
2
, then any localised concentrations of energy density, resulting from small-scale perturbations within a large-

scale homogeneous universe, may have what appears to be fairly extreme gravitational effects, such as black holes. However, it 

might be worth trying to clarify what might be understood as spacetime curvature as opposed to spatial curvature. 

 

1.2.3.1.2 Spacetime Curvature 
 

The diagram right first considers the path of 

two photons through spacetime in terms of 

the basic idea that parallel lines never 

converge or diverge. Basically, the diagram 

attempts to show 2 photons starting off from 

[A] at the same time, in parallel, separated by 

a given distance [ΔS1], which we might 

assumed to be initially unchanging, if both 

space and spacetime were not curved in some 

manner. However, even if the universe is 

spatially flat, but still expands with time, then the distance [ΔS1] will increase to [ΔS2] suggesting that the photons will travel 

along a curved geodesic path, irrespective of the spatial flatness of the universe. Conceptually, the change in the parallel 

separation suggests the photons take a longer curved path through spacetime, 

but the question being raised is: 

 

Is this perceived curvature only really a consequence of space expansion with 

time rather than any implicit geometric curvature of spacetime? 

 

If so, an expanding universe may be said to be making no implicit statement 

about spatial curvature, only a form of spacetime curvature, which appears readily understood. The diagram on the right above 

is a space-time diagram in which the speed of light [c] is normally represented by a 45
o
 line. As such, there is a suggestion that 

our 2 photons would travel the distance between A and B, as defined on arrival at B, faster than [c], implying superluminal 

speed in contradiction of special relativity. However, this is said not to be the case, because within any local frame defined by 

[Δt, Δs], the speed of light is preserved and it is the expansion of space that leads to this apparent anomaly, i.e. while the 

photons are on route.  

http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/375.SpaceTime.html
http://www.mysearch.org.uk/website1/html/376.Space.html
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The Arrow of Time  

We seem to have an intuitive sense of the flow of 

time from the past to the future. We also see this 

flow of time manifest itself in the world around us 

as things change with time from past to future. This 

directionality appears not to be reversible and is 

often referred to as the 'arrow of time'. As an 

example, we might cite a glass breaking, but which 

never unbreaks. However, this phenomena is 

something of a mystery to physicists because, at 

the microscopic level, all fundamental physical 

processes appear to be time-reversible. 

Separating Time & Space? 

Entropy is a process that infers a particular 

direction to time. In this context, the 2nd law of 

thermodynamics only allows the entropy of an 

isolated system to increase and may be said to 

distinguish the past from the future. However, in 

systems that are not closed, entropy can decrease 

with time at the expense of an increase in entropy 

of the overall system. As such, merging space and 

time might not necessarily bring clarity to the 

description of curvature. 

So, in this case, we might initially, and incorrectly, assume that the 

distance travelled by the photons is defined by [A-B], while the 

actual distance travelled through space is still defined [ct]. The 

distance [A-B] is a function of time, so when the photons left [A], it 

was closer to [B] than [ct], but when the photons arrive at [B], the 

distance [A-B] is greater than [ct]. As such, a degree of caution may 

need to be exercised in describing spacetime curvature. 

 

But what about the curvature associated with general relativity 

around a black hole? 

 

The specific discussion of spacetime curvature around extreme 

gravitational objects such as black hole can be reviewed by following 

the link. However, at this stage, we are simply addressing the impression given by ideas, such as Minkowski spacetime 

diagrams, that time is just another positional coordinate analogous to space, which might then suggest that our concept of 

past, present and future may all simultaneously exist in a continuous spacetime model. If so, the concept of a non-deterministic 

future might be called into question and become as restrictive as 

the mechanical determinism of the clockwork universe  attributed to 

Newton and Laplace: 

 

“In Laplace's view, a Supreme Intelligence armed with the 

knowledge of Newtonian laws of motion and knowledge of 

the positions and velocities of all particles in the Universe 

could deduce the state of the Universe at any future time.” 

 

However, as a footnote, quantum theory seems to reject this notion 

of time and space as a continuum on which events occur by injecting 

the non-determinism of probability and quantization back into any 

description of space and time. As a result, there is said to be an ‘arrow of time’ that cannot be reversed, which is not reflected 

in most equations of physics, but might be general described in terms of the 2
nd

 law of thermodynamics. 

 

1.2.3.1.3 Spatial Curvature 
 

Given that the ΛCDM model appears to suggest that the energy density of the universe approximates to the critical density, it 

would follow that the universe must be more or less spatially flat, i.e. [k=0], at least on the large scale where homogeneity is 

assumed. However, this only gives a mathematical rationale for the definition of spatial curvature without necessarily helping 

with any visualise perception of spatial curvature. Again, we might begin by trying to visualise the idea of geometric 2-D flatness 

in terms of the angles of a triangle adding up to 180 degrees. Of course, trying to map this idea onto a physical 3D concept of 

space may be more than a little problematic. However, the following diagram first tries to show an equilateral triangle that 

might be assumed to enclose a vast area of space at 2 different points in time. The second diagram then attempts to consider 

3D spatial curvature in the form a triangular pyramid constructed from the 2-D flat triangles.  

 

http://www.mysearch.org.uk/website1/html/290.Blackholes.html
http://www.mysearch.org.uk/website1/html/203.Classical.html
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N-Dimensional Space? 

It has been suggested that to account for the observed fundamental particles and forces, at least one additional spatial 

dimension may be required for every attribute coupling each force to matter. As such, the EM force would require 2 

dimensions for positive and negative charge. The strong force that binds quarks together to form protons and neutrons 

would need a further 3 dimensions. Finally, the weak nuclear force would require another 2 dimensions, amounting to 7 

additional spatial dimensions. 

 

Note, the problem of simultaneity is ignored and it is assumed that the 

length of the sides and angles are relative to an inertial observer 

and space-like at each instance in time. Of course, the only purpose of 

such a diagram, as shown above, is simply to provide an initial 

reference for introducing a number of issues associated with the 

concept of spatial curvature. It is accepted that this visualisation is 

intrinsically flawed because space is a 3-dimensional concept that 

cannot really be visualised in terms of a flat 2D triangle, but this said; 

we might still begin to consider some basic issues associated with 

spatial flatness. For example, in the absence of time, spatial flatness 

requires the angles of the triangle, as shown, to add up to 180 degrees 

at a synchronised instance in time, i.e. t1 or t2.  Therefore, in practice, 

we would have to first establish a spatially flat reference triangle at [t1], 

which we might assume remains geometrically flat at [t2]. Of course, any introduction of time could therefore lead to a 

‘distortion’ due to the spacetime curvature, as previously defined in terms of spacetime expansion. However, while each corner 

of the equilateral triangle might travel along curved spacetime in an expanding universe, this does not implicitly change its 

spatial flatness, therefore spatial curvature and spacetime curvature can be independent of each other.  

 

The Evolution of Space? 

The 7 additional dimensions may not play an obvious role in the present era, but this may not have always been the 

case. In the same way that the fundamental forces are thought to have undergone phase transitions, it is ‘possible’ that 

the additional dimensions played a different role in the early universe. So while the universe evolves to a state where 

only 3 spatial dimensions remain visible after expansion, the remaining dimensions may have remained vanishing small 

on the Planck scale. 

 

At this point, we might like to raise some questions: 

 

If we run time backwards, would the spatial flatness remain unchanged as the scale factor [a] changes from its present-day 

value of (1) back towards (0)? 

 

Is it possible that the curvature of space has no physical meaning, i.e. it is only inferred from the motion of an object moving 

through this space as perceived by a distant observer? 

 

Again, it is possible that the answers to some of these issues may require a deeper understanding of the mathematics of 

general relativity and concepts such as Riemann N-dimensional manifolds. Of course, at this point, we might try to discuss the 

http://www.mysearch.org.uk/website1/html/375.SpaceTime.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
109 of 392 

 

concept of any number of N-dimensional visualisation, i.e. 2D objects in a 1D universe, 3D objects in a 2D universe and 4D 

objects in a 3D universe. 

 

However, while mathematics is free to conceptually imagine any number of spatial dimensions, we might still have to question 

whether there any empirical evidence to support any of these assumptions in the physical universe? 

 

The most obvious example of this line of thinking is ‘string theory’, which speculates on the existence many additional spatial 

dimensions, but which only appear to exist on a quantum scale. Of course, we should not lose sight of the fact that such idea 

are still hypothesis without any physical verification. Therefore, it may also be worth highlighting that the definition of 4D 

spacetime, as used in relativity and cosmology, is typically referring to the normal 3 spatial dimensions and 1 time dimension. 

Therefore, while accepting that 4D spacetime is a useful concept for explaining time dilation and space contraction in terms of 

the spacetime interval, it is still be based on only 3 spatial dimensions, which may suggest that our intuitive understanding of 

time and space are not, as yet, completely obsolete as inferred by Minkowski. 

 

The Nature of Space? 

What is possibly intriguing about the previous ideas is that it might suggest a way in which space might have physically 

expanded via the unravelling of specific dimensions. Equally, spatial flatness may be defined in terms of [x,y,z] expanding 

at the same rate, although possibly subject to distortion in strong gravitational fields. 

 

1.2.3.2 Energy, Density & Pressure Concepts 
 

The purpose of this discussion is to provide some additional perspective of a 

number of concepts associated with energy, density and pressure, which 

underpin most cosmological models. In the context of the ΛCDM model, we 

have touched on 5 sources of energy in the form of an energy density per unit 

volume of homogeneous space. 

 

 Baryonic Matter 

 Cold Dark Matter 

 Radiation 

 Curvature 

 Dark Energy 

 

As to be explained in a subsequent section titled `Interpreting Friedmann`, the density of these energy sources changes as a 

function of expansion based on an assigned equation of state, which also allows a pressure to be associated with each source. 

However, it may be inappropriate to think of energy as a substance, even though each of the types of energy density listed 

above appears to be able to take a different ‘form’. While there are many and various definitions of energy, we might wish to 

start with a much simpler definition along the lines that energy is an ability of a system to affect change. We might also wish to 

cite the conservation of energy requiring that the total amount of energy in an isolated or closed system remains constant, and 

as a consequence, we might initially assume that energy within the universe, as a whole, cannot be created nor destroyed, only 

transformed from one form to another.  

http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/390.Pressure.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
110 of 392 

 

Richard P. Feynman  

It is important to realize that in physics today, we 

have no knowledge what energy is. We do not 

have a picture that energy comes in little blobs of a 

definite amount. 

What is energy? 

Energy can be defined as the ability to do work. To 

do work on an object, a force has to be exerted on 

the object such that it is moved through a distance. 

However, whether our universe is actually open or closed system is 

still subject to speculation and it may well turn out that our observed 

universe can both lose and gain energy within the definition of some 

larger universe. Therefore, for some of the reasons outlined, the 

following series of discussion, as listed below, will start off from a 

classical premise in which all forms of energy can be described in 

terms of either kinetic or potential energy. Within the examples to be outlined, the energy associated with rest mass, kinetic 

motion and gravitational potential are confined within a sphere of a finite volume, which then leads naturally to the concept of 

an energy density. However, along the way, the example will also try to highlight a number of issues related to the concept of 

pressure associated with certain types of energy density. As such, the following breakdown of the discussions will take place: 

 

 Energy 

 Energy Density 

 Pressure 

  
1.2.3.2.1 Energy 
 

As previously stated, the concept of energy can be elusive, as its definition in terms of its component units suggests that it 

always requires material substance, i.e. mass. However, while it has also been suggested that energy might only have two basic 

forms, i.e. kinetic and potential, we might now wish to add rest mass energy and photon-radiation energy into the definition, if 

were attempting to define the total energy within some given volume. On this basis, we might try first to formulate an 

expression for each of these fundamental energy components: 

 

[1]       

 
In [1], we see both the definition and segregation of 

positive and negative energy, which also differs in the fact 

that positive energy can be attributed to a single particle, if 

we include photons in this description, while negative 

potential energy is always based on the definition requiring 

the interaction between two particles. However, in the 

following example, we are going to initially reduce our 

description of energy to just the 2 original forms, i.e. kinetic 

and potential. Within this classical description, gravitational 

potential energy will imply a negative scalar quantity, while 

kinetic energy implies a positive scalar quantity in order to maintain the conservation of energy under the free fall example to 

be outlined. 

http://www.mysearch.org.uk/website1/html/378.Energy.html
http://www.mysearch.org.uk/website1/html/379.Density.html
http://www.mysearch.org.uk/website1/html/380.Pressure.html
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Forms of Energy 

The five main forms of energy are heat, chemical, 

electromagnetic, nuclear and mechanical. 

However, at a fundamental level it may be argued 

that total energy of a system can be defined in 

terms of its rest mass energy, its kinetic energy and 

its potential energy. 

Units of Energy 

In SI units, all components resolve to 1 of 4 

fundamental quantities, mass, length, time and 

charge. Energy is defined in terms of kg.m
2
/s

2
. 

However, this definition can appear anomalous 

when  it comes to radiation in the form of an EM 

wave, where energy [E=hf] is related to frequency 

and there is no obvious rest mass. 

We will initially consider mass [m] to be stationary and very far from 

the collective mass [M], such that we might assume the system to 

have zero kinetic energy and near zero potential energy. However, as 

[m] free-falls towards [M] it gains positive kinetic energy, i.e. 

velocity, while still maintaining the conservation of energy, because 

potential energy is defined as a negative form of energy. However, 

on approaching [M], we realise that [M] is a composite mass made 

up of [n] unit particles contained within a conceptual spherical shell 

without any mass. Initially, we will assume that each unit particle of [M] is stationary within its conceptual spherical container 

and, as such, the energy density would correspond to the sum of the rest energy of all the [n] particles with the given volume, 

i.e. 

 

[2]       

 

On the basis that each unit particle contained within the shell is stationary, we might simply conclude that there is no effective 

pressure [P] exerted on the shell in the form of kinetic collisions. This suggests that the definition of an energy density does not 

automatically imply any associated pressure, which is reflected in the following equation when [ω] is zero: 

 

[3]       

 

Of course, if we now make the assumption that each unit particle within the shell does have a velocity [v], we might 

immediately infer that the collective process of the unit particles colliding with the shell, over time, might be inferred as a 

pressure [P]. In fact, if we dismantle the units of pressure into force per unit volume, we can actually visualise this process, 

where the units of force can also be reduced to momentum [mv] per unit time. 

 

[4]       

 

So, if over time, the unit particles collided with the shell and changed direction, it would require the momentum of the particle, 

per unit time, to be contained within the shell, which might also be inferred as a pressure. However, while the density and 

pressure, as defined in [4], have the same units, the implication of density encompasses the description of the total energy 
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within the volume of the shell, while the pressure might be described as a localised effect on the surface of the shell, although 

the two are clearly linked. Another point to note is that if the unit particles undergo elastic collisions, with the shell, there 

would be no loss of energy from the system within the shell. As such, the pressure on the shell does not imply any net transfer 

of energy to the outside system. However, in the example of a star to be discussed, the outward radiation in the form of 

photons, not only creates pressure as they collide with particles at all radii within the star, but some also leave the system and 

result in a loss of energy, i.e. there is a net flow of heat energy out of the system. 

 

Energy Breakdown in the ΛCDM model 

By way of some sort to cross-reference to the initial model above and the actual energy-density of the universe, we 

might wish to consider the implications of the following density breakdown, as used by the ΛCDM model in the present 

era: 

 
Joules/m

3
 % kg/m

3
 

Baryon 3.41E-11 4.0 3.82E-28 

Dark Matter 1.96E-10 23.0 2.20E-27 

Radiation 7.03E-14 0.00824 7.86E-31 

Dark Energy 6.23E-10 72.99176 6.97E-27 

Total 8.53E-10 100.0 9.54E-27 

 

In the table above, the density is presented in terms of both the energy-density and equivalent mass-density plus the 

relative percentage make-up in the present era. To give some frame of reference to the scale of the mass-density, the 

mass of a single proton is estimated to be in the order of 1.67E-27kg with the mass of an electron given as 9.1E-31kg. 

This would suggest that there is less than 1 atom of normal baryon matter per cubic metre, while the inclusion of dark 

matter would slightly increase this figure, the actual atomic structure of dark matter is still speculative. However, given 

that photons are assumed not to be absorbed by dark matter, it might suggest that the structure of dark matter does 

not include electrons, which are required to absorb photons. In the present era, the percentage of the energy-density in 

the form of radiation is virtually non-existent. However, the ΛCDM model assumes that the ratio of photons to matter 

particle has not actually changed, which would mean that a cubic metre of homogeneous space may still have over a 

billion photons in the form of CMB radiation. If so, then the energy-density given for radiation in the table above would 

have to be divided by a billion to give the average energy per photon from which we might estimate the average 

frequency [f=E/h]. On this basis, the average frequency would approximate to 6.7e11Hz, which compares to 4.6E14Hz 

for red light, i.e. a factor of ~1000, which might be attributed to the expansion of the universe. In terms of the model 

implied above, we might assume that the particle-density of baryon matter and dark matter is so low that it can be 

modelled as dust, i.e. no pressure. While the energy-density of radiation is very low, the number of photons is still high, 

although individual photons appear to have very little effective energy. In terms of the model above, we might visualise 

the photons continuously entering and leaving, at light speed [c], any given unit volume of homogeneous space, which 

collectively constitute no net flow of energy. Finally, while dark energy has become the largest % component in the 

present era, its energy-density is still very low and its structure remains essentially speculation. 

  

http://www.mysearch.org.uk/website1/html/384.Radiation.html#CMB_Radiation


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
113 of 392 

 

Frame of Reference 

The density of air is 1.25 kg/m
3
, while the density 

of water is 1000 kg/m
3
. The density of a hydrogen 

atom might be approximated to 3.99E5 kg/m
3
, 

which might then be compared to nucleus density 

defined by a proton ~7.1E17 kg/m
3
. In essence the 

mass of an atom is defined by its nucleus, i.e. the 

proton mass is 1.67E-27kg, while the electron mass 

is 9.1E-31kg. The radius of an electron is said to 

have no real meaning. Equally, the space occupied 

by a photon is undefined. As such, it is difficult to 

define a density for these 'objects' in normal terms. 

The mass-density can be converted to energy-

density by multiplying by c
2
. 

1.2.3.2.2 Energy Density 
 

In the previous discussion, we used the following 

example as a basic frame of reference against which we 

tried to define some basic concepts of energy, energy 

density and pressure. However, in this first example, we 

assumed that the unit particles in the shell [M] were 

stationary. Based on the assumption that the unit 

particles were stationary, it was concluded that they 

would exert no pressure on the shell. However, we shall 

now consider a special case where the unit particles 

within the shell do have a velocity in order to reflect on a 

number of additional questions: 

 

Should we assume that the net energy density has to now reflect the sum of the kinetic energy plus the rest energy of the 

particles? 

 

If so, does the kinetic energy within the shell change the effective mass [M] with respect to [m], i.e. does [m] experience a larger 

gravitational force? 

 

Rest energy is a function of m0c
2
, which makes no reference to 

velocity and therefore its value is unambiguous. However, the nature 

of kinetic energy, tied to the perceived velocity of the unit particles, is 

more problematic because it is subject to relativistic considerations, 

e.g. different frames of reference. For simplicity, we shall declare our 

frame of reference with respect to the shell and initially assume a 

non-relativistic velocity for all the particles. In this case, the rest 

energy of the unit particles would be much greater than its kinetic 

energy, by virtue of [v] being so much smaller than [c], and so would 

have a minimal effect on the total energy and presumably cause no 

appreciable change in the effective mass within the shell. Of course, if 

we consider a relativistic velocity, the introduction of [γ] could lead to 

a measurable increase in the effective mass. This suggests that kinetic 

energy not only contributes to the energy density, but could also 

contribute to the effective gravitational mass of the system. 

 

So can potential energy also contribute to the energy density? 

 

In an attempt to consider this question, the original example illustrated in the diagram above is modified in a way that places 

some additional conditions on previous statements, which suggests that not only does potential energy have to be taken into 

account, but also a system having both rest and kinetic energy does not automatically have to have any associated pressure.  
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Density of Universe 

The vacuum of homogeneous space is quoted as 

having an energy density of 8.53E-10 joules/m3. 

This would convert to 9.54e-27 kg/m3 via the 

conversion factor c
2
. 

While not a rigorous representation, the diagram 

right parallels the previous version, except that 

the unit particles now orbit a larger central mass 

within the shell. Clearly, this system has rest mass 

energy, kinetic energy and potential energy, but 

none of the unit particles will collide with shell 

and, as such, there would be no obvious net 

pressure on the shell. As has been 

outlined elsewhere, the kinetic energy of a stable 

orbiting mass is half its potential energy, which 

implies the net energy of the orbiting particles 

has to include the kinetic and potential energy, 

which if ignoring the rest mass energy, would be negative. If true, the effective mass [M] of this system will be reduced, albeit 

by a minute amount when only non-relativistic velocities are involved, because the positive kinetic energy is offset by a larger 

negative potential energy. 

 

[1]       

 

So, in order to determine the effective mass, do we need to determine 

the total energy of the system in terms of its positive rest energy, its 

positive kinetic energy and its negative potential energy? 

 

In part, the issue of the effective mass [M] also returns us to the original equation formulated to represent the total energy 

within some given volume, i.e. the energy density: 

 

[2]       

 

Whether the definition of energy density, as used in cosmology models, reflects the implication of potential energy is not clear 

at this point as it would seem to be predicated on the existence of some sort of centre of gravity within the universe. 

 

Planck Density 

The idea behind the Planck density is considered further in the discussion 'Infinite or Finite'. However, the Planck density 

corresponds to 5.15e96 kg/m3. The implications of a universe contracting towards the Planck scale would require all the 

mass-energy of the universe to be compressed into an infinitely small radius. 

  

http://www.mysearch.org.uk/website1/html/488.Gravitation.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
115 of 392 

 

Temperature-Pressure 

It is the combination of intense temperature 

and pressure, which reflects energy, which 

allows fusion to take place. The process of 

fusion causes 4 protons, i.e. hydrogen 

nuclei, to fuse together to form one alpha 

particle, i.e. helium nucleus, plus the release 

of 2 photons. 

The Role of Pressure 

Despite the description in the main body of 

this discussion, we might want to consider 

the role of pressure within the wider scope 

of a cosmological model. While the Fluid 

equation introduced the idea of pressure [P] 

it was suggested that it did not directly 

explain the expansion of space. For further 

details, we might consider the equations of 

state associated with each energy-density 

component. 

1.2.3.2.3 Pressure 
 

While the concept of pressure has been introduced in previous discussions, 

it has not necessarily been explained how pressure might manifests itself in 

different systems when associated with different descriptions of energy-

density. For example: 

 

How does pressure work in a star? 

 

While we are aware that stars are spherical in shape, we might want to 

consider why they have a specific size. In order to try to answer this sort of 

question we have to introduce the idea of both energy density and the 

associated pressure. We might start by describing a star as a fusion-

powered system that generates enormous amount of energy within a given 

volume, which therefore leads to the idea of an associated energy density. In 

the case of a star, we do not really need to be told that this energy density 

manifests itself in the form of a tangible mass [M] and we might realise that 

it is the associated gravitational field that pulls the star into its spherical 

shape. While this may be fairly obvious, it does not explain why the 

gravitational effect does not just continue to collapse the star, unless there is 

an equally strong force to oppose it. In the case of a star, the opposing force 

per unit area is, in effect, the pressure, which radiates outwards and resists 

the force of gravity at a given radius. However, it might be useful to 

summarise this visually by imagining a spherical surface at some arbitrary 

radius [r] within the star that corresponds to a surface of particles: 

 

 Within this surface, hydrogen fusion produces photons that travel 

outwards towards our spherical surface.  

 

 These photons collide with particles at this conceptual surface and 

energy is transferred from photons to particles.  

 

 This can be interpreted as an outward pressure at a given radius [r] 

or as a force per unit area, resulting from the increasing energy-

density of photons, i.e. energy per unit volume, within the spherical 

surface due to the internal fusion process.  

 

 The energy-density of the photons within this surface also has an effective mass and therefore an inward gravitational 

effect on the particles at our surface. However, the increase in photons causes a net flow outwards, which is defined in 

terms of pressure.  

 

 In practice, this process reaches equilibrium at a given radius that defines the surface radius of the star. 
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Cosmic Calculator 

This calculator allows you to change the 

various energy-densities and age the 

universe via input of a redshift [z] value. 

What also needs to be highlighted is that the temperature inside the star is hotter than its outer surface. This means there is an 

energy and pressure gradient within the star that causes radiation, i.e. photons to move outwards, such that there is a net flow 

of energy, i.e. this system loses energy. In practice, the structure of a star is sub-divided into 7 layers, where the photosphere of 

our sun has a temperature of 6,000°C. 

 

1. Core 

2. Radiative zone 

3. Convective zone 

4. Photosphere 

5. Chromosphere 

6. Corona 

7. Prominence 

 

The Sun’s energy is created deep within its core, where the 

temperature is some 15,000,000°C with a pressure some 340 

billion times greater than Earth's air pressure at sea level. Note, in 

terms of fundamental physics, the temperature is actually 

representative of the kinetic energy of motion. However, in the 

wider context of the universe, as a whole, this temperature energy gradient does not appear to exist because the expansion of 

space is thought to occur simultaneously throughout the universe and, as such, there is no net flow of radiation in any given 

direction, i.e. the universe is thought to be both homogeneous and isotropic. As a result, radiation within the universe is said 

not exert a net outward pressure and, within the confines of this model, and the universe as a system would not lose energy. 

However, the issue of energy conservation will be questioned further within a following set of discussions under the title 

'Interpreting Friedmann'. 

 

Current State of Play? 

Today, neither matter or radiation have any effective pressure that might explain the expansion of the universe. As such, 

there is a somewhat speculative idea of dark energy providing the negative pressure necessary to drive the current 

accelerated expansion, although the mechanism of expansion appears vague. It was suggested in an earlier side-bar 

comment that space might actually be expanding due to the unravelling of 'hidden' quantum dimension. If so, the idea 

pressure may only be a simple analogy to the actual processes taking place at the quantum level. 

 

1.2.3.3 Energy Components 
 

Today, much of cosmology is said to be anchored in the ideas of general 

relativity, which seeks to describe the nature of spacetime as a relationship 

between mass and geometry. The essence of Einstein’s ideas about gravity is 

that it is not a force, but rather the implied curvature of spacetime due to 

the present of mass. However, based on Einstein’s equation E=mc
2
, it would 

appear that it must be energy that is actually telling spacetime how to curve and this energy, in the present era of the universe, 

appears to come in a number of distinct forms. 

http://www.mysearch.org.uk/website1/html/401.Calculator.html
http://www.mysearch.org.uk/website1/html/388.Friedmann.html
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Role of Gravity 

As a generalisation, all energy is assumed to have a 

gravitational effect, if a centre of gravity can be 

defined.  Clearly, local centres of gravity exist within 

planets, stars, solar systems and galaxies. However, 

there seems to be an open question regarding the 

role of gravity at the level of the universe itself, 

because the scope of the universe is unclear. 

 
 

The actual ratio of the energy-density makeup of the universe changes as a function of time. While the actual details will be 

covered in a later discussion, it has already been highlighted that the earlier universe was radiation dominant, which has now 

effectively dissipated due to expansion, hence its absence in the diagram above. So, with the exception of dark energy, about 

which we might only speculate, at this time, all other forms of energy appear to be rooted in the physical mass of atomic 

particles. However, earlier it was suggested that energy might only have two basic forms, i.e. kinetic and potential, to which we 

then added rest mass energy and photon-radiation energy in an attempt to define the total energy within some given volume. 

On this basis, we then formulated an expression for each of these fundamental energy components, which we might assume 

exist in some volume of spacetime in the disguise of one of the accepted components cited above: 

 

[1]       

 

In [1], we see both the definition and segregation of positive and negative energy, although it is not clear what aspects of the 

energy definitions in [1] are represented in the determination of the critical density of the universe. Generally, the value of the 

critical density seems to be derived by transforming the basic form of Friedmann’s equations and then using the observed value 

of Hubble parameter [H0] in the present era: 

 

[2]       

 

http://www.mysearch.org.uk/website1/html/391.Model.html
http://www.mysearch.org.uk/website1/html/378.Energy.html#Energy_Breakdown_in_the_ΛCDM_model
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Again, with reference to [1], it appears that all the positive 

energy components can be attributed to a single particle, 

especially if we describe radiation in the form of a particle-like 

photon. However, it is unclear whether negative potential 

energy is included in the definition of the critical density shown 

in [2], especially as potential energy relates to the interactions of 

multiple particles, which conceptually extends to infinity. When 

discussing the ‘Need for Inflation’, the standard cosmological 

model was extended by the speculative idea that 

our 'observable universe' exists within a much larger 'bubble 

universe', which in-turn exists within a conceptually infinite 

'quantum universe'. Within this context, it might be suggested 

that dark energy is a manifestation of the zero-point energy of 

space, which permeates the quantum universe, but is only one 

of the components of the critical density of the bubble universe. 

Based on this speculative model, it has been suggested that the 

bubble universe might have a centre of gravity, which exists far outside our observable universe. The following table was 

previously introduce, as an example, but has been modified to show the effects of expansion into the future in terms of both 

the age of the universe, the scale factor [a] and the associated redshift [z]: 

 

z a Years Radius Volume Density Mass g 

-0.9999 9.91E+03 1.43E+11 1.28E+32 8.79E+96 9.76E-39 8.58E+58 3.49E-16 

0 1.00E+00 1.37E+10 1.29E+28 9.03E+84 9.50E-27 8.58E+58 3.43E-08 

999 1.00E-03 4.37E+05 1.29E+25 9.03E+75 9.50E-18 8.58E+58 3.43E-02 

999999 1.00E-06 <1 1.29E+22 9.03E+66 9.50E-09 8.58E+58 3.43E+04 

 

What was previous highlighted was that the presence of a centre of gravity within the much larger bubble universe may be 

essentially undetectable due to the weakness of the localised gravitational acceleration [g] in the present era. However, what 

might also be highlighted in this model is that our 'observable universe' would not have a Schwarzschild radius [Rs] itself, 

because it would not have its own centre of gravity in this model. However, within the scope of the extended model being 

described, the bubble universe would have a Schwarzschild radius [Rs], which we might calculate using the assumed data from 

the table above: 

 

[3]       

http://www.mysearch.org.uk/website1/html/497.Inflation.html
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In [3], we see the inference that the Schwarzschild radius [Rs] has its roots in the conservation of energy, where the velocity [v] 

can either be interpreted as the free-fall velocity or escape velocity associated with mass [M]. However, the key point to 

highlight is that [Rs] remains constant based on a fixed energy-mass [M], which is calculated based on the energy-density [ρC] 

multiplied by the volume as a function of time. To give another frame of reference to the scope of [Rs], the following table 

provides the values, in metres, for a range of objects: 

 

Mass [M] Mass [m] Radius [r] Volume [V] Density [r] Rs 

1kg 1.00E+00 1.00E-02 4.19E-06 2.39E+05 1.49E-27 

Earth 6.02E+24 6.39E+06 1.09E+21 5.51E+03 8.98E-03 

Sun 1.94E+30 1.50E+11 1.41E+34 1.37E-04 2.89E+03 

Galaxy 1.94E+41 4.71E+20 4.39E+62 4.42E-22 2.89E+14 

Observable 8.58E+52 1.29E+26 9.03E+78 9.50E-27 n/a 

Bubble 8.58E+58 1.29E+28 9.03E+84 9.50E-27 1.28E+32 

 

As indicated, if our observable universe shares its centre of gravity with the bubble universe, it cannot define its own 

Schwarzschild radius [Rs]. However, we might also compare the Schwarzschild radius [Rs] of the bubble universe in the table 

above, based on equation [3], with the expanding radius of the universe, as presented in the first table. Only when the bubble 

universe has expanded by the scale factor [a=10,000], some 143 billion years along the timeline of the universe, will the radius 

of bubble universe shown in table-1 equal its Schwarzschild radius [Rs] shown in table-2. 

 

What might we infer or speculate from this data? 

 

While the data may be too tenuous to be taken seriously, it reflects a number of issues. First, while we have a perception of the 

observable universe being homogeneous in terms its energy-density, this may not hold true for the bubble universe. In part, 

this is suggested by the variable shading of the bubble universe in the diagram and reflects the speculation of some inflation 

models that suggests the density might be greater in the centre and at the boundary of the bubble universe. As such, the 

assumptions that underpin expansion in the ΛCDM concordance model would not necessarily hold true for the bubble universe. 

We have also introduce the possibility that the bubble universe might have a centre of gravity, which may then have slowed 

expansion due to gravitation in its earliest stages. There is also the possibility that the energy-density differential between the 

bubble universe and the quantum universe may also play an important part in the expansion we perceived within our local 

observable universe. At this stage, it is unclear whether the boundary between the bubble universe and the quantum universe 

would allow the two-way transfer of energy, i.e. 

 

Can energy pass from the quantum to bubble universe?  

Can energy dissipated from the bubble to quantum universe? 

 

Finally, there is the suggestion that the bubble universe would eventually expand and reach its Schwarzschild radius [Rs] at 

which point we might assume that the bubble universe would create an event horizon from which nothing in the bubble 

universe could escape into the quantum universe. However, given the level of speculation and the lack of any real 
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EM radiation 

Electromagnetic spectrum defines the scope of 

radiation as a stream of photons, travelling in waves. 

However, the photon is also described as the base 

particle for all forms of EM radiation. As such, we are 

confronted with the wave-particle duality of radiation. 

At this point, we might simply define a photon as a 

'bundle' of energy, which is always in motion. As a 

generalisation, low-energy photons, in the radio band, 

behave more like waves, while high-energy photons, in 

the X-ray band, behave more like particles - follow the 

link for some comparative data. 

understanding of the implied quantum process, it is probably time to end this very speculative discussion and return to the 

introduction of the energy components of the observable universe: 

 

 Radiation 

 Matter 

 Cold Dark Matter 

 Dark Energy 

 

Scope of Components 

As another generalisation, dark matter and dark energy were initially introduced as speculative solutions for a number 

of perceived problems associated with the original Big Bang model. However, dark energy is the only component 

thought to have the attribute of negative pressure. This said, dark energy in isolation does not explain the expansion of 

the universe, especially when time-reversed towards the quantum scale. Hence, the level of speculation introduced into 

this discussion. 

 

1.2.3.3.1 Radiation 
 

Today, the energy density of radiation is negligible in comparison 

to the other forms of energy density. However, this was not 

always the case and, before decoupling around +370,000 years, 

radiation was the dominant form of energy density within 

the ΛCDM model. In the post-inflation phase, a process called 

`baryogensis` is thought to have fuelled the universe after which 

the balance between matter and anti-matter is estimated to 

account for some 2 billion photons for every matter particle. The 

apparent discrepancy between the number density and the 

energy density is based on the assumption that a photon is 

subject to an additional expansion factor based on Planck’s 

equation E=hf=hc/λ. While possibly being a slightly inappropriate 

analogy, the expansion of space may be thought to have 

stretched the wavelength [λ] associated with the photon and thereby reducing its frequency [f] and associated energy [E]. So, 

as the expansion continued with time, the photon-radiation energy density per unit volume decreased, even though there was 

no net change in number of photons in the co-moving volume. This point is also said to explain why there is no pressure 

associated with radiation, i.e. there is no net flow of photons into or out of a given volume of the universe under expansion, at 

least, on the very large scale. 

 

Cosmic Microwave Background (CMB) 

Almost as a footnote to the discussion of radiation as a form of energy, CMB is the electromagnetic radiation associated with an 

event in the early history of the universe, i.e. decoupling at +370,000 years along a total timeline of 13.7 billion years. However, 

when first detected in 1965, it was originally thought to be noise in the microwave antenna being used. After this possibility 

was eliminated and it was realised that the signal was coming from all directions in space, the idea of CMB started to be taken 

seriously. 

http://www.mysearch.org.uk/website1/html/207.Energy.html#Table_:_Mass-_Frequency
http://www.mysearch.org.uk/website1/html/384.Radiation.html
http://www.mysearch.org.uk/website1/html/382.Matter.html
http://www.mysearch.org.uk/website1/html/383.Dark%20Matter.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/355.Quantum.html#Baryogenesis_10-35_seconds:
http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:
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CMB Radiation 

The early universe is assumed to have 

been very hot, i.e. there was a lot of 

energy. So much so that pairs of 

particles and anti-particles were 

continually being created and 

annihilated, which created radiation 

energy, i.e. photons. As the universe 

expanded and cooled, the particles and 

anti-particles annihilated for the last 

time. However, for reasons not well 

understood, the early universe had 

about one part in a billion more 

particles than anti-particles, which left 

about a billion photons for every 

particle of matter. As such, the 

photons that we observe in the cosmic 

microwave background were created 

in the first minute of the existence, 

which subsequently cooled, i.e. lost 

energy, due to the expansion of the 

Universe. Today, these photons have a 

temperature of about 2.73 Kelvin. 

 
 

As the earlier universe cooled under expansion to approximately 3000K, the 

photons within the primordial plasma ceased to have enough energy to ionise 

atoms. The significance of this event marked a phase transition from a universe 

that was opaque to light to one that was essentially transparent.  In a model that 

assumes the universe to be both homogeneous and isotropic, any observer 

looking out into the universe is ‘seeing’ events in both space and time. Objects, 

such as distant galaxies, are seen in terms of photons arriving having travelled 

through space, which has taken a finite amount of time as defined by the speed 

of light, i.e. [ct]. So, within the definition of this photon-spacetime model, any 

observer is surrounded by a conceptual spherical surface that corresponds to the 

phase transition between a radiation and matter dominated universe. However, 

CMB is best described in terms of the physics of blackbody radiation within an 

expanding universe, which explains why the CMB temperature cooled to from 

3000K to 2.7K. 

 

As space expands, the associated CMB wavelength is often described as also expanding by the same factor, which 

implies that the peak wavelength of the CMB spectrum is inversely proportional to the temperature of the CMB.  

Therefore, a drop in temperature from 3000K to 2.7K corresponds to an expansion of the universe and the increase in the 

CMB wavelength by a factor of 1090 from the moment of decoupling until now. 

 

However, the uniformity of the CMB temperature, measured in all directions, highlights an issue that has become known as the  

'horizon problem` and relates to how regions of space that are not now causally connected, i.e. greater than [ct], can have the 

same CMB temperature. In part, the inflationary model is a proposed solution to this problem by suggesting that inflation 

causally connected the entire universe, within the first second of existence, which allowed the properties of the universe, such 

CMB temperature to also become causally connected from the outset. 

 

In some ways, the temperature effect of CMB can also be used to answer Olbers’ paradox, which asks why the night sky 

isn’t lit up by the almost infinite number of stars and galaxies. Like CMB, the light from these billions and billions of stars 

is still arriving on Earth, but the wavelength of the radiation has also been stretched to near zero energy on-route. 

 

http://www.mysearch.org.uk/website1/html/502.Problems.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
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CMB Preferred Frame 

While relativity rejects the idea of an 

absolute frame of reference, it does not 

preclude a preferred frame of reference with 

respect to the CMB. As such, it appears that 

the CMB frame allows a measure of velocity 

with respect to the universe. As it turns out, 

our Solar System is not quite co-moving, as 

we have a velocity of 370 km/sec relative to 

the observable Universe. However, the Local 

Group of galaxies, which includes the Milky 

Way, appears to be moving at 600 km/sec 

relative to the observable Universe. These 

velocities are called the ‘peculiar velocity’ of 

an object and are typically much, much less 

than [c], such that the relativistic effects can 

be normally ignored. 

CMB reflects the fact that much of what we infer about the large-scale 

universe is based on how we interpret the properties of the photons arriving 

from its furthest reaches. Therefore, in the most basic terms, it could be 

suggested that any model of the large-scale universe has to be built on 2 key 

properties of a photon, i.e. its velocity and frequency, if we overlook the 

property of polarisation. Of course, the velocity of a photon implies not only 

its speed [c], but also its direction, while frequency [f] also infers a 

wavelength [λ] and energy [E] via the following equations: 

 

[1]       

 

However, given the assumed constancy of [c] throughout time, we can 

calculate the distance travelled in time [t] given the basic equation [d=ct] 

and so, by a knock-on process, scientists have come to some conclusions 

about the distance and luminosity of a given source, e.g. stars and galaxies, 

and the underlying physics that power them, e.g. fusion and gravity. 

However, the constancy of [c] and [t] used to determined distance possibly needs some qualification: 

 

 While we might assume that a photon from a distant galaxy has always travelled at velocity [c], the position of the source 

will have subsequently receded in an expanding universe with some recession velocity [v], which is also a function of 

distance. So, when the photon set out, the original distance would have been less than [ct], but when it arrives, the source 

will have receded even further than [ct].  

 

 There is also the potential issue of time dilation due to the position of the source within some large gravitation potential, 

which may depend on our assumed model of the universe. For example, if the source was positioned within a 

homogeneous density with a centre of gravity, the original frequency of the photon might has be subject to a different rate 

of time than it final destination, such that it appears to have be subject to an additional gravitational redshift. 

 

Anyway, the basic description of CMB is a process that can be extrapolated backwards from the observation of present-day 

microwave radiation having an energy corresponding to 2.7K, which is being received from all directions in space. Of course, 

over time the on-going expansion of the universe is generally described as having ‘s-t-r-e-t-c-h-e-d’ the wavelengths of on-route 

photons to lower energy-temperature, when observed at some future time. However, as indicated, the original starting 

temperature of 3000K is associated with the energy level at which the photon radiation would have ceased to ionise hydrogen 

atoms, which then allowed photons to become ‘decoupled’ from matter. This temperature is related to the peak temperature 

of a blackbody spectrum distribution, which is then shifted to ever-longer wavelengths, as its associated temperature fell, due 

to the expansion of the universe, towards the present-day value of 2.7K. While it is convenient to talk of the photon 

temperature, this temperature is really a reflection of the photon energy [E=hf]. Therefore, the ratio of the start and end 

temperatures, i.e. 1090, also reflects the expansion of the photon wavelength and the expansion of the universe while the 

photon was in `transit`. Therefore, a CMB photon arriving on Earth today will have travelled for nearly the entire timeline of the 

universe, i.e. 13.7 billion years-370,000 years, which implies a distance of some 13.3 billion lightyears. However, at the start of 

http://www.mysearch.org.uk/website1/html/251.Triplets.html
http://www.mysearch.org.uk/website1/html/346.Cepheids.html
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this epic journey, the source would have been physically closer than 13.3 billion lightyears, as implied by [d=ct], but will now be 

much further away than implied by [ct]. 

 

So how are events on the timeline of the universe being estimated so accurately, i.e. decoupling at 370,000 years, without equal 

accuracy in correlating the pressure, density and temperature of the universe to a given volume-radius of the universe? 

 

The actual figures will be discussed in a later results section associated with the energy density model. However, in principle, as 

we look out into the universe, the decoupling of matter and photons can be described as a spherical shell in our spacetime 

model of the universe, which exists in all directions in the sense that when looking out to ever greater distances, we are also 

looking back in time. Of course, lest we forget, we are not actually looking out at the universe, but rather it is just photons that 

come calling on us from the furthest reaches of spacetime to which we are still causally connected. Even so, scientists have 

continued to develop ever-more complex models on this basis, which they hope will shed even more `light’ on other aspects of 

the universe. For example: 

 

Would an observer’s velocity with respect to the CMB frame of reference be detectable as a Doppler shift and would this imply 

the universe has an absolute frame of reference in violation of relativity? 

 

To be honest, the answer to this question does seem to involve some careful semantics, which states NO, but then seems to 

imply YES. The negative answer is required to support the basic principle of relativity, which is normally interpreted to mean 

that there can be a ‘preferred frame’, but no absolute frame of reference. The clarification, which is said to resolve the 

situation, is based on the caveat that relativity does not apparently state that there are no special frames of reference, only that 

there are no special frames where the laws of physics are different. As such, it does appear that the CMB frame does allow a 

measure of velocity with respect to the universe. As it turns out, our Solar System is not quite co-moving, as we have a velocity 

of 370 km/sec relative to the observable Universe. However, the Local Group of galaxies, which includes the Milky Way, 

appears to be moving at 600 km/sec relative to the observable Universe. These velocities are called the ‘peculiar velocity’ of an 

object and are typically much, much less than [c], such that the relativistic effects can be normally ignored. 

 

 

1.2.3.3.2 Matter 
 

Currently the energy density of normal baryon matter, i.e. protons, neutrons and electrons, is estimated to only account for 

~4% of the required critical energy density necessary to support a spatially flat universe. In essence, we are describing matter as 

aligned, and restricted, to the particle model of atomic structure. 

 

Baryonic Matter 

This form of matter only includes matter composed of baryons, i.e. protons and neutrons, and particles composed of 

them, i.e. atomic nuclei. As such, this definition normally excludes electrons and neutrinos, which are defined as leptons. 

However, in the context of cosmology, baryonic matter uses a more general definition, since on astronomical scales, 

protons and neutrons are always accompanied by electrons, which then account for the charge neutrality of space. 

However, it should be noted that electrons only account for ~0.0005 of the mass. Neutrinos, on the other hand, are not 

considered as baryonic matter. 

http://www.mysearch.org.uk/website1/html/510.Results.html
http://www.mysearch.org.uk/website1/html/251.Triplets.html
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Black Holes 

These objects might be described as an oddity within 

the description of baryonic matter. They are included 

in the definition because the matter from which 

black holes are formed is assumed to be primarily 

baryonic matter, although once swallowed by the 

black hole, this distinction is essentially lost. 

 
 

Previous descriptions of energy have attempted to describe matter 

in terms of rest, kinetic and potential energy. However, if we 

constrain our definition of matter to only include non-relativistic 

forms, the overall implications of kinetic velocity is minimised in 

comparison to the rest energy. This is especially true within a 

homogeneous cosmology model, where matter is modelled as dust 

with no pressure. However, the implication of potential 

gravitational energy still appear to depend on whether the model in 

question can be considered to have a centre of gravity or not. While most accepted models would probably refute the existence 

of any centre of gravity, at least within the observable universe, there are models supported by respected researchers, which 

speculate whether our local universe, based on the observed critical density, is but part of a much larger universe. As such, our 

universe may be expanding into a lower density region, while at the same time being constrained by the gravitational centre of 

what might be described as a bubble universe. 

 

Curvature: 

While most of general relativity is taken up describing the curvature of space and spacetime, the current cosmological model 

appears to be based on a spatially flat or near spatially flat universe, i.e. k=0. Given all the inherent problems of trying to 

visualise spatial curvature, it is possible to explain the effects of spatial curvature in terms of an equivalent energy density. 

http://www.mysearch.org.uk/website1/html/378.Energy.html
http://www.mysearch.org.uk/website1/html/254.General.html
http://www.mysearch.org.uk/website1/html/376.Space.html
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Role of Spatial Curvature 

The derivation of the Acceleration equation is also 

cited as a reason for possibly ignoring spatial 

curvature. After equation [7], it is shown that the 

spatial curvature [k] cancels out in the final 

equation. This suggests that spatial curvature does 

not contribute to the accelerated expansion of the 

universe, at least, as defined. 

Cold Dark Matter (CDM)  

Is now a component of the standard model of 

cosmology. Its predictions appear to be in good 

agreement with observational data on the large 

scale and appears to accounts for many 

properties of galaxies. However, despite these 

successes, there are concerns about CDM on the 

small scale when trying to reconcile observation 

to the results of simulation models. The main 

alternatives to CDM are known as self-interacting 

dark matter (SIDM) and warm dark matter 

(WDM); although both are known to have 

serious drawbacks. 

[1]       

 

Current observations suggest this form of energy density must be 

relatively low in comparison to all other components of the critical 

density, if k»0. In addition, the [1/a
2
] factor suggests that this form of 

energy density would have been proportionally lower in the past in 

comparison to matter or radiation, which were driven by [1/a
3
] and 

[1/a
4
] respectively. Therefore, this form of energy density will be 

essentially ignored in the subsequent ΛCDM model. 

 

1.2.3.3.3 Dark Matter 
 

Within the expansion model, cold dark matter has the same  equation 

of state  as normal matter, although it has some fundamentally 

different property. However, the relevance of the previous statement 

is that the importance of cold dark matter also lies with the matter-

dominated era of the universe. The existence of cold dark matter 

(CDM) was initially very speculative and based on the observation of a 

number of gravitational anomalies, e.g. rotation anomalies in spiral 

galaxies through to gravitational lensing around unseen objects. 

However, models of the early formation of structure within the 

universe have subsequently strengthened support for this idea. 

Basically, it is argued that without dark matter, the process of 

`structural coagulation` could not have progress in a manner that 

would have led to the current observed universe. What adds to the 

validity of this idea was that the estimated energy density (23%) was 

originally based only on the amount of dark matter required to address 

these gravitational anomalies. Subsequent computer simulations then 

showed that this amount of cold dark matter would also support the 

process of clumping and the formation of cobweb-like strands within 

the voids, which were only later shown to align with observations. 

 

 MAssive Compact Halo Objects (MACHOs): 

The first hypothesis referred to dark matter in the form 

of MAssive Compact Halo Objects (MACHOs) consisted of 

Jupiter-sized planets, brown dwarf stars, faint low-mass stars, 

white dwarf stars and even black holes. However, this idea 

could only account for a fraction of the dark matter required to explain a growing list of anomalies.  

 

 

http://www.mysearch.org.uk/website1/html/344.Acceleration.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/390.Pressure.html
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General Consensus? 

Except for the density profiles at the centres of 

dwarf  galaxies, the predictions of CDM appear to 

be in good agreement with available observations. 

While it is generally accepted that there are 

discrepancies between simulation and observations, 

they are now thought to be smaller than was first 

predicted. However, it is still the position that these 

small discrepancies may ultimately show that CDM 

cannot be the correct theory of structure formation. 

Even so, CDM appears to be best theory that has  

been proposed and studied, at least, so far. 

 Weakly Interacting Massive Particles (WIMPs): 

The second hypothesis is known as Weakly Interacting Massive 

Particles (WIMPs) was then forwarded, which is now also 

known as Cold Dark Matter. While this hypothesis underpins 

the current concordance model, it should be pointed out that 

the existence of WIMPs has not yet been fully verified. 

However, WIMPs are described in terms of particles that may 

only interact through the weak nuclear force and gravity. On 

the basis that there is no electromagnetic interaction, WIMPs 

cannot be seen directly; equally if there is little to no strong 

nuclear force, there will little to no interaction with atomic 

nuclei. Therefore, WIMPs are often described in terms similar 

to neutrinos, although they would have to be more massive 

and hence slower. 

 

As such, it would seem that WIMPs have got the better of MACHOs, which may suggest some level of poetic justice within the 

universe, but then again, probably not. As indicated above, the energy density of cold dark matter is modelled on the same 

equation of state as baryon matter, i.e. [ω=0], and therefore its energy density changes as an inverse of volume and therefore 

also assumed to have no associated pressure [P]. 

 

1.2.3.3.4 Dark Energy 
 

In some ways, the argument supporting dark energy only really 

started to be seriously debated in 1998, when scientists discovered 

the possible accelerated expansion of the universe. This idea was 

based on the observation of a type of exploding star, i.e. a type-1a 

supernova, whose distance can be inferred from its apparent 

brightness.  Basically, what scientists had found was that the more 

distant supernovae were dimmer than expected, implying that the 

recessional distance, due to the expansion of the universe, was 

larger than expected, i.e. the universe was accelerating with respect 

to some earlier time. To put this situation into some historical 

perspectives, at the beginning of the 20
th

 century, most scientists 

would have probably shared Einstein’s view of a static universe. 

Only after Hubble’s discovery did most scientists become 'convinced' of the idea of an expanding universe, which was then 

assumed to be slowing under the effects of gravity. So, the idea that the universe could actually be accelerating required yet 

another fundamental shift in thinking, because it appears to require an unknown source of energy to explain the acceleration. 

Although the issue as to what caused the expansion prior to the acceptance of the idea of dark energy might, yet again, be 

tabled as an open question. In order to account for the observed acceleration, the hypothesis of dark energy was forwarded 

along with the idea of negative pressure.  Given the amount of acceleration required, it was estimated that the energy-density 

of dark energy would have to be 6.2E-10 joule/m
3
.  
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Casimir Effect 

Let us start with the assumption that a vacuum 

in space is not empty, but rather full of 

fluctuating energy 'waves' that come in all 

possible wavelengths. Then if 2 mirrors were 

placed facing each other in a vacuum, only some 

of the waves would exactly fit between them. As 

the two mirrors are moved closer and closer to 

each other, the longer waves will no longer fit 

and result in the total amount of energy in the 

vacuum between the mirror being a bit less than 

the amount elsewhere in the vacuum. Thus, the 

mirrors will attract each other. This effect was 

first predicted, in 1948, by Hendrick Casimir and 

initially measured as a tiny force in 1996. 

What was subsequently said to add weight to this hypothesis was the fact that the estimated energy density also explained the 

spatial flatness of the universe in terms of the sum of all the component energy densities adding up to the critical density, 

i.e. 8.53E-10 joule/m
3
. However, this said, the exact nature of dark energy is still very speculative. Current ideas suggest that 

dark energy would have to be homogeneous in distribution and have a net negative pressure in excess of any gravitational 

effects associated with its energy density. However, possibly the most perplexing attribute is its apparent unchanging energy 

density under expansion. All other forms of energy density change as a function of expansion, while dark energy remains 

constant per unit volume. Therefore, while the energy density of dark energy was virtually zero in comparison to all the other 

energy densities of the earlier universe, it constant energy density grows relative to all other energy densities as a function of 

the expanding volume - see density graph. Today, dark energy is thought to account for 73% of the critical density. There is also 

a suggestion in this characteristic of dark energy that the total energy per unit volume of the universe must be increasing in 

apparent contradiction to the conservation of energy - see energy graph. 

 

Vacuum Energy  

Is usually defined as the zero-point energy of all fields in empty space. This includes electromagnetic fields, gauge fields, 

fermionic fields and the Higgs field. In quantum field theory, the vacuum is not defined as empty space, but rather the 

ground state of the fields mentioned above. However, in cosmology, vacuum energy is also associated with the idea of 

the cosmological constant and dark energy. However, one of the most interesting aspects of vacuum energy is that 

according to quantum field theory, it is infinite. To some, this finding implies that the vacuum of space could be the 

source of what is sometime referred to as "zero point energy." 

 

Given the level of speculation surrounding dark energy, it should be no 

surprise that there are still many competing ideas. However, given the 

somewhat unusual attributes of this form of energy, there is a tendency 

to look towards quantum theory for an explanation. In physics, zero-

point energy is the lowest possible energy that a quantum system may 

possess as it is considered to be the ground state energy of a system. 

This idea is backed up by some experimental evidence in the form of 

the Casimir effect, which can be observed in nano-scale devices. 

However, in quantum theory, zero-point energy is often thought to be 

synonymous with the idea of vacuum energy, i.e. the energy within a 

unit volume of empty space; while in cosmology, this energy might also 

be discussed in terms of a cosmological constant [Λ]. However, in many 

respects, dark energy is an idea on which general relativity and 

quantum theory don’t always see eye to eye. While the actual details 

behind these opposing `worldviews` is too complex to consider in detail, 

some insight into the issues may be of some value. 

 

 If we put cosmology into the general relativity camp, the energy density of the vacuum is essentially determined by the 

idea of spatial curvature. However, this simply translates into the assertion supporting a spatially flat universe, i.e. k=0, 

where all known energy density components must add up to the critical density. On the basis of the ΛCDM model, the 

present-day dark energy or vacuum energy density corresponds to 73% of the critical density, i.e. 6.2E-10 joule/m
3
. As 

stated, this also seems to account for the observed acceleration.  

http://www.mysearch.org.uk/website1/html/378.Energy.html#Energy_Breakdown_in_the_ΛCDM_model
http://www.mysearch.org.uk/website1/html/511.Interpretation.html#density_graph
http://www.mysearch.org.uk/website1/html/511.Interpretation.html#energy_graph
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 However, various favours of quantum theory can come up with very different answers. For example, if we define the 

zero-point energy in terms of harmonic oscillators with energy E=hf/2 and simply add up all the possible harmonic 

oscillations based on the assumption that spacetime is a continuum; the vacuum energy density would be infinite. Even if 

we modify the previous assumption to only include those oscillations with a wavelength greater that the Planck length, 

i.e. ~10
-35

 metres, the answer is finite, but still enormous in comparison to the observed dark energy estimates. 

 

There are several other permutations along this line, but the bottom line, at present, seems to be that only the energy density 

estimate associated with the cosmological definition of dark energy makes any sense, although acknowledging that lack of 

support from quantum theory, at this time. However, within the confines of the concordance model, we shall assume that dark 

energy does have negative pressure as defined by the equation of state [ω=-1]. While we might initially perceive negative 

pressure in terms of a region of lower pressure, i.e. a vacuum that would suck things from a region of higher pressure, dark 

energy is said to act like more like anti-gravity. However, the justification for some of these statements will be deferred to the 

discussion entitled ‘Interpreting Friedmann’ in which the equation of state for each energy density will be derived. 

 

1.2.4 The Big Bang Model 
 

The goal of this section is to provide a description of the evolutionary timeline of the universe based on the premise of the Big 

Bang model; for within the framework of this model, cosmologists have speculated that the universe must also have a finite 

lifespan. 

 

http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/388.Friedmann.html
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Timothy Ferris 

“The term ‘Big Bang’ was coined with derisive intent by Fred Hoyle, and its endurance testifies to Sir Fred's creativity and 

wit. Indeed, the term survived an international competition in which three judges, the television science reporter Hugh 

Downs, the astronomer Carl Sagan, and myself sifted through 13,099 entries from 41 countries and concluded that none 

was apt enough to replace it. No winner was declared, and like it or not, we are stuck with the ‘Big Bang'." 

 

Based on the arguments of quantum physics, a bubble universe with no net energy may have come into existence some 13.7 

billion years ago, but by the arguments of the 2nd law of thermodynamics, this universe may ultimately decay into a final 

entropy state, based on a flat universe assumption, some 10
100

 years into the future. The 'present` era, sometimes called the 

`stelliferous era`, is estimated to last for some 100 trillion years, and while this is an almost unimaginably long period of time, it 

is but a small fraction of the total `lifespan` of the universe.  

 

Era Phase Time (Seconds) Time (Years) 

Past 

Quantum Beginnings  10
-43

 - 

Primordial Universe 1 - 

Present 

Star Formation  10
+15

 10
+8

 

Structure Formation  0
+15

 10
+8

 

Future 

End of Stars 10
+21

 10
+14

 

Black Holes 10
+47

 10
+40

 

The End of Days! 10
+107

 10
+100

 

 

In 1950, Sir Fred Hoyle coined the term `The Big Bang` in what was assumed to be derisorily comment that something, as 

profoundly complex as the universe, could emerge from such a chaotic concept. While we might also question the aptness of 

the naming of the ‘Big Bang’ in terms of its description of the actual expansion process, as sound bites go, we might still see 

some relevance in terms of modern-day slang for the beginnings of ‘life, the universe and everything`. 

 

Acknowledgement 

The timeline of the Big Bang to be described in this section was first published, in 1999, in a book written by Professor 

Fred Adams and Gregory Laughlin called the 'Five Ages Of The Universe' 

 

1.2.4.1 The Past Universe 
 

As we roll back time, the universe must contract towards the generalised definition of a cosmic singularity beyond which 

science cannot yet follow. As such, we might define this point as the quantum beginnings of our universe, which is positioned 

10
-43

 seconds along the timeline of the expansion of 'our' universe. 

 

Edward Teller  

A fact is a simple statement that everyone believes. It is innocent, unless found guilty. A hypothesis is a novel suggestion 

that no one wants to believe. It is guilty, until found effective. 

http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html
http://www.mysearch.org.uk/website1/html/354.Past.html
http://www.mysearch.org.uk/website1/html/355.Quantum.html
http://www.mysearch.org.uk/website1/html/356.Primordial.html
http://www.mysearch.org.uk/website1/html/357.Present.html
http://www.mysearch.org.uk/website1/html/358.Stars.html
http://www.mysearch.org.uk/website1/html/359.Structure.html
http://www.mysearch.org.uk/website1/html/360.Future.html
http://www.mysearch.org.uk/website1/html/361.Degenerate.html
http://www.mysearch.org.uk/website1/html/362.Black%20Hole.html
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So far, we have outlined a finite universe, based on the interpreted redshift observations, which led to the idea of an expanding 

universe. This expansion originally defined by Friedmann's equations also led to the estimated age of the universe being some 

13.7 billion years - see 'Modelling Friedmann'. However, our understanding of the quantum universe is limited, as there is no 

proven interpretation of what this theory is really telling us about the true nature of quantum reality in terms of either time or 

space. However, theory does suggest that we are talking about a time period within the first 10
-35

 second of existence of 'our' 

universe in which the laws of space and time, as we currently understand them, may not yet have been created. Therefore, to 

some extent, we are in the realm of quantum speculation, rather than any empirical reality. Generally, for the purposes of this 

discussion, the terminology of particle physics will be kept to a minimum, 

although there are some key terms that are required by cosmology in order 

to describe the processes taking place in the early universe: 

 

 Hadrons, e.g. protons/neutrons, are quarks bound by strong 

nuclear forces 

 Fermions have ½, odd spin, e.g. protons, neutrons, electrons 

 Fermions obey Pauli exclusion principle 

 Baryons are hadrons with the property of fermions 

 Leptons are light fermions, e.g. electrons 

 Bosons have integral spin, e.g. photons 

 Boson do not obey Pauli exclusion principle 

 

For the sake of simplicity, baryons and hadrons are essentially the same as 

protons and neutrons, which in turn are comprised of quarks. In the early 

universe, the energy-temperature was so high; even quarks held together by 

the strong nuclear force could not initially bind together to form protons or 

neutrons, which are subsequently required to form atomic nuclei. 

 

Food for Thought 

As science continues in its attempts to rollback time, it is left trying to describe the nature of space-time in which no 

structural matter existed and even the 4 fundamental forces of nature may not have existed separately. There is also a 

suggestion that the spatial structure of spacetime might not have been limited to just 3 dimensions, but extended to 10 

dimensions plus time. As such, it would be a universe that defies our human senses and will remain a challenge for 

mathematics to even describe for many years to come, despite the initial optimism of 20th century science. 

 

1.2.4.1.1 The Quantum Universe 
 

In human terms, we might assume that the universe has to begin at time=0 seconds. However, on the Planck scale, there may 

be no meaning to time below 10
-43 

seconds. If so, there may be no real measure of time against which to judge how long the 

bubble universe existed in this state or how to dimension any wider quantum universe, from which it presumably emerged, in 

terms of either time or space.  The logic of the original cosmological models suggested that the expansion of our universe, 

when played back in time, leads to an initial state that was described in terms of a ‘cosmic singularity’, which was then assumed 

to have essentially zero dimensions and infinite density.  

 

http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/391.Model.html
http://www.mysearch.org.uk/website1/html/558.Particles.html
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Carl Sagan  

Those afraid of the universe as it really 

is, those who pretend to nonexistent 

knowledge and envision a Cosmos 

cantered on human beings will prefer 

the fleeting comforts of superstition. 

They avoid rather than confront the 

world. But those with the courage to 

explore the weave and structure of the 

Cosmos, even where it differs profoundly 

from their wishes and prejudices, will 

penetrate its deepest mysteries. 

Again, within the context of the Planck scale, there may be no meaning of 

spatial size below 10
-35

m. Even so, if all the energy-mass of the universe was 

contained within something called a singularity approaching the Planck scale, 

we have to assume a density that would have exceeded 10
+100

kg/m
3
 and have a 

temperature in excess of 10
32

 degrees Kelvin. At this energy-density 

temperature, science has speculated that the four fundamental forces would 

collapse into one fundamental force. 

 

1.2.4.1.1.1 The Unification of Forces: 
 

As the universe expanded and cooled from the Planck epoch, gravity is thought 

to have been the first to separate from the unified fundamental force, followed 

shortly after by the strong nuclear force. At this point, there are two attractive 

forces, the short-range strong nuclear force that binds quarks into atomic nuclei and the long-range force of gravity. However, it 

is highlighted that the initial energy-temperature is far too high to allow normal matter to exist. However, given the existence 

of these attractive forces, so early in the life of the universe, it is also assumed that inflation must have occurred at a very early 

stage, otherwise the Planck universe would have simply been crushed back into a singularity. Of course, at this point, we might 

raise the issue of the gravitational centre within the singularity.  

 

 
1.2.4.1.1.2 Inflation <10

-35
 seconds 

 

Inflation is now a collective term for a class of models attempting to describe the very early universe, which involve a short 

period of extremely rapid, i.e. exponential, expansion in which the universe may have grown by ~2
100

, i.e. from about 10
-

35 
metres to 10 centimetres in something of the order 10

-32
 of a second. Due to the implications of gravity unravelling from the 

unified forces, it is assumed that the inflationary era took place very early in the history of the universe. This early phase of 

expansion attempts to explain many of the properties that we see in our universe today, i.e. why the universe is both 

homogeneous and isotropic. 

 

http://www.mysearch.org.uk/website1/html/499.Inflation.html
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Thomas Huxley 

The great tragedy of science is 

the slaying of a beautiful theory 

by an ugly fact. 

1.2.4.1.1.3 Baryogenesis >10
-35

 seconds 
 

Baryogenesis is a rather impressive name given to a process in which the balance between matter and anti-matter may have 

been resolved in the very early universe. Quantum theory predicts that every particle should have a corresponding antiparticle 

with the same mass and lifetime, but opposite charge. By virtue of these properties, particles and anti-particles would 

annihilate on contact. 

 

Given the timeframe of baryogenesis, can we assume that the only particles that could have existed, at this time, were the most 

elementary, i.e. quarks and electrons plus their anti-particles? 

 

What is strange in this process is that we start with the singularity apparently containing all the mass-energy of the universe, 

where the temperature and density of the singularity does not initially allow matter to exist, at least, not in the normal sense. In 

fact, from E=mc
2
, we might visualise matter `condensing` out of some form of quantum energy-density, as it cools. However, 

baryogenesis goes onto suggest that for every 1 billion antiparticles created, billion+1 normal particle are created, which are 

then all effectively converted back into energy, presumably in the form of photons, through the process of particle-antiparticle 

annihilation leaving a net-gain of only 1 matter particle per billion pair particles. Today, there are several hypotheses that try to 

explain the asymmetry of baryogenesis, but no solid theories. 

 

1.2.4.1.1.4 Post-Inflation 
 

At about 10
-12

 seconds, the symmetry of the electro-weak force breaks and some of the 

most fundamental particles may therefore have started to acquire mass. Also, at this 

point, neutrinos decouple and begin travelling freely through space. This process is 

analogous to the cosmic microwave background decoupling, although this specific event 

will be described in more detail later in the evolutionary timeline. Following this process, 

the super-hot quark-gluon plasma, which defines the composition of the quantum universe, begins to cool allowing particles, 

such as protons and neutrons, to form. 

 

1.2.4.1.2 The Primordial Universe 
 

We enter the `Primordial Universe` when the universe itself is about 1 second old. It is about the size of our solar system and 

has a temperature of about 100 billion degrees Kelvin. 

 

Big Bang Nucleosynthesis  

After one millisecond, the universe had 'cooled' to a temperature of ~10
12

K, which was enough to allow quarks to bind 

together to form free protons and neutrons. Free neutrons are unstable with a half-life of 614.8 seconds and formed in 

much smaller numbers. As a result, there was a ratio of ~7 protons for every neutron. However, in the span of one 

neutron half-life, nearly every neutron had paired up with a proton; subsequently these pairs then formed helium. At this 

point, the universe had cooled to ~10
9
K and the rate of nucleosynthesis was slowing significantly, such that after 3 

minutes, the process had basically stopped and the relative abundances of the elements was fixed at  75% hydrogen and 

25% helium with a few trace elements. As such, the process of nucleosynthesis resulted in no heavy elements, which 

subsequent required the fusion of the first stars around +200 million years. 
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Next Phase of Transitions  

1. Recombination: 

The time when the baryonic 

component of the universe became 

neutral, i.e. the number of ions 

equals the number of neutral 

atoms. 

 

2. Photon decoupling: 

When photons cease to interact 

with electrons and the universe 

becomes transparent to light.  

 

3. Last scattering.  

This is the time when a typical CMB 

photon underwent its last 

scattering from an electron. 

1.2.4.1.2.1 Nucleosynthesis: 1-180 seconds 
 

Analysis of the evolution of the universe indicates that the ratio of baryons, i.e. protons and neutrons, has effectively remained 

constant throughout the life of the universe. However, there are about a billion photons for every baryon. Initially, in the early 

super-hot universe, these photons had so much energy that this energy exceeded the binding energy of an electron to its 

nucleus. Basically, this means that no atomic structure could exist at this stage. At these high temperatures, protons and 

neutrons essentially exist in equal numbers, defined by the following two-way transitions: 

 

[1]       

 

Where [n] is a neutron, [p] is a proton, [e+/e-] are electron/positron pairs and [v+/v-] 

are neutrino/anti-neutrino pairs. Energy of 0.8MeV is released within the (n->p) 

transition, but requires this energy input to proceed in the other direction. While the 

temperature of the universe was high, there was sufficient energy to maintain the 

two-way transition, but as the universe cools, another `phase transition` in the 

evolution of the universe takes place. At this point, the transitions converge to: 

 

[2]       

 

The half-life of a neuron is about 615 seconds and without some further reactions, all 

neutrons would decay to protons and we would be left with a universe containing 

only pure hydrogen. However, ~1 second after the Big Bang, the temperature has 

cooled to about 100 billion degrees, which allows the process known as 

`nucleosynthesis` to begin in which simple atomic nuclei can begin to form, i.e. 

protons and neutrons bind via the strong nuclear force. As this process proceeds, the 

proton-neutron phase transition, outlined above, continues. The production of nuclei 

that form the basis of the light-elements is taking place via a complex chain reaction, 

i.e. 

 

[3]       

 

Through this process, the neuron retains its stability, which ultimately allows heavier elements to be formed. However, initially 

this process only produces hydrogen and helium-4 in any significant quantity. Helium-4 contains 2 neutrons and 2 protons, 

while hydrogen contains only 1 proton. The net result of this process is based on a 7:1 ratio of protons to neutrons, e.g. 700 

http://www.mysearch.org.uk/website1/html/367.Phases.html
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Gravitational Collapse 

After the previous processes had 

completed, perturbations in the 

density of the hydrogen-helium 

mixture allowed the process of 

gravitational collapse to start, 

which after about ~200 million 

years would see the first stars 

ignite and begin the next epoch in 

timeline of the universe. 

protons and 100 neutrons would create 50 helium-4 nuclei, leaving 600 protons to form the basis of 600 hydrogen nuclei. Given 

that protons and neutrons are nearly equivalent in mass, we get the following mass ratio of hydrogen to helium-4: 

 

Element Mass Total % Mass 

Hydrogen = (1p*600) 600 75% 

Helium-4 = (2p*50) + (2n*50) 200 25% 

 

1.2.4.1.2.2 Decoupling & Recombination: 300,000 years 
 

The universe has expanded to some 600,000 light-years in diameter and cooled towards 3000 degrees Kelvin. However, in the 

+370,000 years since nucleosynthesis, the universe has essentially remained in the state of a hot plasma consisting of atomic 

nuclei of hydrogen and helium. Above a temperature of 3000K, the photons, which outnumber matter particles in the order of 

1 billion to 1, have enough energy to knock any electron out of its ground state atomic orbit. As such, the universe would have 

been opaque, as any photon would have almost immediately collided with an electron and scattered. However, as the universe 

cools below 3000K, the photons no longer have enough energy to ionise the atomic nuclei and electrons begin to bind to form 

the light atomic elements of hydrogen and helium. As electrons `recombine` to form atoms, photons and matter are 

`decoupled` and do not directly interact; this makes the universe transparent to light. 

 

There are several important implications that result from this event. As we look out into the universe, we are effectively looking 

back in time. So, if we could look far enough in any ‘direction in time’ rather than space, we would come to a spherical surface, 

when the universe was approximately 370,000 years old. However, we would not be able to see pass this surface, as prior to 

this time, the universe was opaque. As the first photons left this surface they collectively create what is now called ` cosmic 

microwave background radiation`. Although this radiation originally had a temperature of 3000K, the subsequent redshift 

[z=1089] of the frequency has reduced the energy [E=hf] such that it is now measured as only being 2.7K above absolute zero. 

 

1.2.4.1.2.3 Radiation to Matter: 100 million Years 
 

After the hectic pace of the quantum phase transitions, the universe entered what is 

sometimes referred to as the primordial universe. It defines the few hundred million 

years in which the universe undergoes another phase transition from radiation to 

matter dominance. During this time, electrons settle into their atomic orbits of 

hydrogen and helium, but as matter emerges, so the force of gravitational slowly 

starts to condense clouds of gas into the primordial structures of the universe. 

 

The formation of structure is usually described in terms of smaller structures forming 

before larger ones, although there are other proposals that suggest the aggregation 

of larger structures in which smaller structures then emerge. However, it is generally 

agreed, by the supporters of this paradigm, that one of the first structures to form 

were quasars, which is an early type of galaxy, which forms through gravitational collapse. Later, within this process, the very 

first stars will start to form and via the process of fusion, heavier elements are created from the original light elements of 

hydrogen and helium. 

http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
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Gravitational Collapse  

The energy source for star formation is essentially extracted from 

the process of gravitational collapse. As such, potential energy of 

gravitation heats the gas of the protostar to the ignition point of 

hydrogen fusion, i.e. ~15 million Kelvins. The distribution of the 

mass within the gas cloud permits  detailed modelling of the 

processes at work and suggests that half of the energy from 

gravitational collapse goes into kinetic energy, which manifests 

itself as heat. 

Jean's Mass  

As the gas within the protostar begins the process of gravitational 

collapse, it is also opposed by radiation pressure. The 'Jean's mass' 

is the minimum mass required to overcome the radiation pressure 

for a given energy density. In the big bang model, galaxies cannot 

form before the 'transparency point' at which the universe has 

cooled enough for atoms to form and electromagnetic radiation in 

the form of photons to travel unimpeded. After this point, the 

Jean's mass was small enough to allow galaxies and clusters of 

galaxies to form. 

1.2.4.2 The Present Universe 
 

The Primordial Era ends when the universe is about 

100-200 million years old and the first generation of 

stars start to form. At this point, we enter the 

present era, sometimes called the `Stelliferous Era`, 

which extends from 10
8
-10

14 
years, i.e. it will extend 

into the future until finally ending when the universe 

is about 100 trillion years old. Stars are the source of 

most of the energy that is generated in our universe 

today and, as such, our sun is the source of energy 

that supports virtually all life on planet Earth. Most 

energy in the Stelliferous Era is generated through 

the process of nuclear fusion, i.e. a process that 

converts hydrogen into helium and releases radiated 

energy as a by-product. This process, which powers 

our sun, can continue for some 5-10 billion years 

depending on the size and composition of the star. 

When a star, like the sun, comes to the end of its life, 

it becomes a red giant, growing to about a hundred 

thousand times brighter than its current luminosity. 

In the case of our own sun, this expansion will extend 

to a radius that will probably consume the Earth. 

However, a typical star has a mass about one quarter of our sun, while the smallest star that can burn hydrogen is about 8% of 

the sun's mass and about a thousand times dimmer. This type of star is called a red dwarfs and, due to its low fusion rate; it will 

live much longer than a larger star, typically in the order of trillions of years. However, about half of the stellar bodies are not 

stars, but brown dwarfs, which are essentially stars that just too small to ignite fusion. As such, brown dwarfs can basically exist 

for hundreds of trillions of years and therefore may have a key role to play in the life of the universe, long after all the bright 

fusion stars have died. 

 

Over 99% of stars are hydrogen-burning stars; this 

includes stars in the range 8-800% of our sun. 

However, our sun is destined to become a white 

dwarf after its red giant phase, where it will shed 

about half of its mass and its core will shrink to 

about the size of our Earth and have a density about 

a million times denser than the current sun. A red 

dwarf star can also become a white dwarf, but unlike 

its giant cousin, preserves most of its mass during 

the transition process. Therefore, becoming a white 

dwarf is the fate of the vast majority of all hydrogen-

burning stars. 
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Nuclear Synthesis  

Elements above iron in the periodic table cannot be formed via the 

normal fusion processes in stars. This is because iron represents 

the peak binding energy, above which the process absorbs too 

much energy. Therefore,  it is believed that the heavier elements 

are formed when a star of a certain mass explodes in what is called 

a supernova. In the supernova explosion, a large flux of energetic 

neutrons is produced that collide with other nuclei, which then 

acquire the additional atomic mass  to build the heavy elements. 

About 3 in every 1000 stars come to a far more 

dramatic end, marked by an enormous explosion 

called a supernova. However, this seemingly 

destructive process is critical to the evolution of 

complex structure, e.g. life, which requires heavier 

elements above iron in the periodic table - see inset 

right 'Nuclear Synthesis'. After the supernova, two 

possible objects can result, a neutron star or a black 

hole. A neutron star results when the mass of our sun 

is compressed to about 10 kilometres in radius, which 

has a density analogous to a giant atomic nucleus. However, dependent on the initial mass, the supernova may also collapse 

into a black hole, which has an event horizon, and is some 3-4 times smaller than a neutron star. A black hole has a value of 

gravity [g] that exceeds the escape velocity of light, i.e. photons, and so (almost) nothing can escape its gravitational pulls. 

Collectively, taking all these processes into account, the longest that a galaxy, like our own Milky Way, can sustain star 

formation is about 10 trillion years. At which point, the universe will undergo another phase transition from a universe with 

stars to a universe without stars. Ultimately, by the laws of thermodynamics and entropy, all of the galaxies will exhaust their 

supply of hydrogen and the process of star formation will shut down forever. By this stage, the universe will be over 100 trillion 

year old. 

 

Probability of Extraterrestial Life? 

If the stelliferous age extends to 10
14

 year, then within this timeframe, our universe at 13.7 billion years is only 0.01% 

into this era. The fact that life has already evolved to sentient intelligence here on earth may therefore be both 

remarkable and unique at what amounts to a very early stage in the timeline of the universe. Therefore, maybe 

humanity should consider the possibility that it might be one of the very first lifeforms ever to reach this stage. In the 

great scheme of things, something has to be first and it is interesting to speculate whether it might be humanity.  Given 

that higher lifeforms require heavier elements that only formed within supernova, it is possible that the first star systems 

capable of supporting life of any description may have require, at least, 1 billion years to stabilise, which is about 10% of 

the current age of the universe, but only 0.001% of the projected stelliferous age. If we then consider the number of 

remarkable conditions that have existed for the last 5 billion years it has taken for planet Earth to evolve sentient 

intelligence, plus the fact that no evidence of other intelligent life has been found to-date, would it be so remarkable 

that we might be the very first? 

 

1.2.4.2.1 Star Types 
 

Clearly, stars have been an observed feature of the night sky ever since the dawn of human civilisation. Of course, with the 

advances in modern technology and the deeper understanding of the physical process within a star, i.e. fusion, cosmologists 

have been able to piece together a comprehensive model of the types of stars that must exist throughout the universe, as a 

whole. This, in-turn, has provided the means by which cosmologists have been able to speculate about larger scaled structures 

within the universe. The following diagram is known as the Hertzsprung-Russell diagram and provides an indication of 

the 'spectrum' of star types, which range in luminosity, temperature and size. 

http://www.mysearch.org.uk/website1/html/290.Blackholes.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html
http://www.mysearch.org.uk/website1/html/96.Alien.html
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The vertical scale of the diagram above shows the relative luminosity or brightness with respect to our own sun and its absolute 

surface temperature in degrees Kelvin. Along the top is an indication of the spectral class of the stars, which is then described in 

a little more detail in the table below. 

 

Star 

Type 
Colour 

Surface 

Temp. 

Mass 

Sun=1 

Radius 

Sun=1 

Luminosity  

Sun=1 
Main Characteristics 

O Blue +25,000 K 60 15 1,400,000 

Singly ionized helium lines (H I) either in 

emission 

or absorption. Strong UV continuum. 

B Blue 
11,000- 

25,000 K 
18 7 20,000 Neutral helium lines (H II) in absorption. 

A Blue 
7,500 - 

11,000 K 
3.2 2.5 80 

Hydrogen (H) lines strongest for A0 stars,  

decreasing for other A's. 

F 
Blue- 

White 

6,000 - 

7,500 K 
1.7 1.3 6 

Ca II absorption. Metallic lines become 

noticeable. 

G 
White- 

Yellow 

5,000 - 

6,000 K 
1.1 1.1 1.2 

Absorption lines of neutral metallic atoms and 

ions (e.g. once-ionized calcium). 

K 
Orange 

-Red 

3,500 - 

5,000 K 
0.8 0.9 0.4 Metallic lines, some blue continuum. 

M Red <3,500 K 0.3 0.4 0.04 
(very faint) Some molecular bands of titanium 

oxide. 
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There are many distinct types of stars, which result from the original mass accreted by the star on formation within a stellar 

cloud. The rate of fusion and the subsequent temperatures and pressures generated are a function of the original mass. For 

example, a star of 1 solar mass equates to the size of our sun and is typically expected to have a lifetime of some 10-12 billion 

years. Normally, the mass of a star will range between 0.1 to 100 solar masses, but a mass of less than 0.1 will not have enough 

gravitational pressure to trigger fusion and are called brown dwarves. In contrast, massive stars burn so fierce that their lifetime 

is a fraction of a normal star. They can also end their lives in a spectacular explosion called a supernova in which the heavy 

elements are formed. Without these heavy elements, life as we know it could not exist. 

 

1.2.4.2.1.1 Dwarf Stars 
 

Dwarf stars are relatively small stars, but can range up to 20 times larger than our sun and up to 20,000 times brighter. Our sun 

is a dwarf star. 

 

 Brown Dwarf  

Brown dwarfs are sub-stellar objects, of between 5 to 90 Jupiter masses, which do not fuse hydrogen into helium and 

heavier chemical elements in their cores, as per stars on the main sequence, but have fully convective surfaces and 

interiors, with no chemical differentiation by depth. There is some question as to whether brown dwarfs are required to 

have experienced fusion at some point in their history; in any event, brown dwarfs heavier than 13 Jupiter masses (MJ) do 

fuse deuterium. As a consequence, a brown dwarf is not very luminous.  

 

 Red Dwarf 

Red dwarfs comprise the vast majority of stars. They have a mass of less than one-third that of the Sun and a surface 

temperature of less than 3,500 K. They emit little light, as little as 1/10,000th that of the sun. Due to the slow burn rate of 

hydrogen, red dwarfs have an enormous lifespan, e.g. billions to trillions of years. As such, there has not been sufficient 

time since the Big Bang for red dwarfs to evolve off the main sequence. Red dwarfs never initiate helium fusion and so 

cannot become red giants. The stars slowly contract and heat up until all the hydrogen is consumed. Red dwarfs are the 

most common type of star. The nearest star Proxima Centauri is a red dwarf. The fact that red dwarfs remain on the main 

sequence while older stars have moved off the main sequence allows one to date star clusters by finding the mass at 

which the stars turn off the main sequence. In addition, the fact that no observed red dwarfs have evolved off the main 

sequence is seen as evidence that the universe has a finite age. However, there is another fact related to the lack of red 

dwarf stars with no metals. The Big Bang model predicts the first generation of stars should have only hydrogen, helium 

and lithium, and given their lifespan, 1st generation red dwarfs should still be observable today, but are not. Either there is 

a problem with the big bang theory or red dwarves cannot form without heavier metals. This position requires that the 1st 

generation of stars were extremely high mass, which died quickly and produced the metals necessary for low mass stars to 

form subsequently.  

 

 Yellow Dwarf  

In astronomy, a yellow dwarf is a small star, ~1-1.4 solar masses, which is in its main sequence, i.e. in the process of 

converting hydrogen to helium in its core by means of nuclear fusion. Our Sun is an example of a yellow dwarf. A yellow 

dwarf's lifespan is about 10 billion years, when its supply of hydrogen runs out, the star expands to many times its previous 

size and becomes a red giant. The star Betelgeuse is an example of a red giant. Eventually the red giant sheds its outer 

layers of gas, which become a planetary nebula, while the core collapses into a small, dense white dwarf.  
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 White Dwarf  

Almost all small and medium-size stars will end up as white dwarfs, after all the hydrogen they contain is fused into 

helium. Near the end of its nuclear burning stage, such a star goes through a red giant phase and then expels most of its 

outer material until only the hot (T>100,000K) core remains, which then settles down to become a young white dwarf 

which shines by virtue of its residual heat. A typical white dwarf has half the mass of the Sun, yet is only slightly bigger 

than Earth. This makes white dwarfs one of the densest forms of matter (10
9
 kg/m

3
), surpassed only by neutron stars and 

black holes. The higher the mass of the white dwarf, the smaller the size and so there is an upper limit to the mass of a 

white dwarf, which is called the `Chandrasekhar limit` of about 1.4 solar masses. When this limit is exceeded, the pressure 

exerted by electrons is no longer able to balance the force of gravity, and the star continues to contract, eventually 

forming a neutron star. 

 

1.2.4.2.1.2 Giant Stars 
 

Typically, giant stars are rather old, large stars: 

 

 Red Giant:  

A red giant is a relatively old star whose diameter is about 100 times bigger than original size. Its surface temperature has 

cool below 6,500K and as a result are frequently orange/red in colour. Betelgeuse is a red giant that is about 20 times as 

massive as the Sun and about 14,000 times brighter. It is approximately 600 light-years from Earth.  

 

 Blue Giant:  

A blue giant is a huge, very hot, blue star. It is a post-main sequence star that burns helium. And can blaze with a surface 

temperature in excess of 20,000 Kelvin and, as such, and are extremely luminous. For comparison, a star like our Sun only 

has a surface temperature of about 6,000 Kelvin. A blue giant star can put out 10,000 times as much energy as the Sun. 

 

 Super Giant :  

A super-giant is the largest known type of star; some are almost as large as our entire solar system. Betelgeuse and Rigel 

are super-giants. These stars are rare and when they die they can become supernova and may subsequently become black 

holes. 

 

1.2.4.2.1.3 Exotic Stars 
 

 Neutron Star:  

A neutron star is a very small, super-dense star, which is composed mostly of tightly packed neutrons. It has a thin 

atmosphere of hydrogen. It has a diameter of about 5-10 miles (5-16 km) and a density of roughly 10
15

 gm/cm
3
.  

 

 Pulsar:  

A pulsar is a rapidly spinning neutron star that emits energy in pulses.  

 

 Black Hole:  

A black hole was a star massive enough to eventually collapse under its own gravity to a point where the escape velocity 

exceeds the speed of light. The boundary at which the escape velocity exceeds the speed of light is called the event 

http://www.mysearch.org.uk/website1/html/290.Blackholes.html
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horizon; behind which is a much smaller theoretical core exist. The term theoretical is used because the laws of physics 

behind the event horizon are still essentially hypothetical. 

 

1.2.4.2.2 Large-scale Structure of the Universe 
 

Astronomy, cosmology and astrophysics all study the universe in order to better understand the formation of the large-scale 

structure of the cosmos. In contrast with early historical perceptions, the universe does appear to support many types of large-

scale structures, which are not yet fully understood, 

 

 Planets plus a star form solar systems 

 Solar systems in turn form galaxies 

 Galaxies form clusters and super-clusters 

 Galactic clusters are separated by voids connected by filaments 

 

Since the invention of the telescope, scientists have 

been able to peer further into space and 

observations expanded to include the 'fixed` stars. 

Although, historically, the initial focus was primarily 

constrained to explaining the relative motion of the 

planets within our own solar system, the realization 

that the Earth and the solar system were part of 

the structure of a galaxy only came at a later stage. 

Initially, the power of the telescopes only allowed 

the observation of fuzzy spiral objects that were 

generally grouped together under the heading of 

`nebulae`. However, by the end of the 18th 

century, the German philosopher, Immanuel Kant, 

had suggested that the Milky Way might be one of 

many `island universes`. As telescopes continued 

improved, it emerged that certain nebulae had a 

spiral shape and by the 19th century the idea that 

the Milky Way itself might be a spiral nebula was 

beginning to be suggested. Finally, in 1918, the 

American astronomer Harlow showed that the Sun is positioned some 30,000 lightyears from the centre of the Milky Way, 

which has an overall radius of some 50,000 light-years. Subsequently, Edwin Hubble demonstrated that most `nebulae` were 

objects outside our galaxy and ultimately concluded that these object were, in fact, other galaxies. Initially, the spiral structure 

of many galaxies was difficult to explain. When modelled as a gravitational system with angular velocity, the period of rotation 

is calculated to be of the order 200-300 million years. However, given the age of the galaxy, the visible spiral arms should have 

been lost, as they became increasing wounded up after multiple rotations. This problem was known as the `winding dilemma` 

and one solution forwarded is the concept of a `density wave`. This concept can be introduced, by analogy, as being similar to 

traffic on a motorway, where overtaking trucks can cause a build up of other traffic behind them.  

http://www.mysearch.org.uk/website1/html/33.Kant.html
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A similar explanation is proposed for the density of stars in the spiral arms of many observed galaxies, i.e. they exist because 

the arms exert a gravitational influence on stars and gas that orbit the galaxy. As a result, gas clouds orbit more slowly in the 

spiral arms and, as a consequence, the density increases in this region. Therefore, spiral arms do not end up getting wound 

tighter on each rotation, because they are not solid objects, but rather density patterns that shift like cars in traffic. This 

explanation also goes some way to explaining why there are so many young stars in the spiral arms. The higher density of gas 

means more gas clouds and cloud collisions. This, in-turn, triggers more star formation and as the young stars age, they drift out 

of the spiral pattern. There are basically three types of star populations in our galaxy, which reflect the nature of the structure 

of the galaxy itself, i.e. the disk, bulge and halo populations. The disk population inhabits the rotating, flattened region of our 

galaxy, while the bulge population is restricted to the rounded, central region of the galaxy that also rotates, and finally the halo 

population that inhabits the far outer regions of the galaxy. The nature of the stars in these regions tends to vary by 

composition. The disk contains most of the gas and young stars, although old stars can also found there. In contrast, old stars 

are predominately in the bulge, while the halo only contains very old stars and globular clusters. However, more importantly, 

the reason for this difference provides a clue to how the galaxy itself was formed. Stars in the disk and bulge regions tend to be 

rich in heavy elements, while halo stars tend to be very poor in the heavy elements. It is believed that the heavy elements are 

mostly produced by supernova explosions so, as time passes, the gas clouds within the galaxy will see an increase in the heavier 

elements, such as carbon, iron. As a consequence, the more recent star will be richer in heavy elements and can be used as a 

guideline to date the stars by region 

 

Bernard Jones  

The numerical simulations certainly show how the large scale structures form, and they allow us to test different 

hypotheses regarding the initial spectrum, biasing, cosmological constants and whatever other parameters come into 

describing the universe. They do not however explain why the structure is the way it is. In other words, why do we see 

voids bounded by sheet-like structures? Until recently, the models were limited to several tens of thousands of particles, 

or at most 250,000. As impressive as this number seems, it still imposes a major limitation on our ability to resolve the 

structures on scales as small as galaxies while still looking at the largest structures. There is a lot of room for trying to 

develop a mathematical understanding of the process of structure formation. 

 

Prior to 1989, it was commonly assumed that super-clusters were the largest structures in existence, and that they were 

distributed more or less uniformly throughout the universe in every direction. However, based on redshift survey data, the 

`Great Wall` structure was discovered, comprising of a sheet of galaxies more than 500 million light years long and 200 million 

light years wide, but only 15 million light years thick. The existence of this structure had escaped notice because it requires 

locating the position of galaxies, in three dimensions, derived from its distance as determined by its spectrum redshift. 

Subsequent studies allude to a universe with large-scale structures in conjunction with a collection of giant bubble-like voids 

separated by sheets and filaments of galaxies in which a super-cluster appears as occasional relatively dense nodes. At the 

centre of the local super-cluster there is a gravitational anomaly, known as `The Great Attractor`, which affects the motion of 

galaxies over a region hundreds of millions of light years. These galaxies are all redshifted, in accordance with Hubble's law, 

which can be interpreted as a recession velocity, indicating that the galaxies are receding from us and from each other. 

However, the redshift variance is sufficient to suggest the existence of a collective mass of the order of some tens of thousands 

of galaxies. Discovered in 1986, the Great Attractor is located some 150-250 million light years in the direction of the Hydra and 

Centaurus constellations. Another anomaly that has been interpreted as an indicator of a large-scale structure is called 'Lyman 

Alpha Forest ', which is a collection of absorption lines associated with quasars. This effect seems to suggest the existence of 

huge thin sheets of intergalactic gas and it is believed that these sheets are associated with the formation of new galaxies. 
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C. S. Frenk 

The unknown nature of the dark matter is another source of concern. Is the dark matter really “cold” and non-

interacting, and is it really dark? Does it exist at all? Until the posited elementary particles are discovered, we will not 

have definitive answers to these questions. Already there are hints of more complicated possibilities. 

 

While this review cannot refute any of the interpretations of the standard model, a note of caution may be necessary at this 

stage. Most cosmologists are well aware that that many of their interpretations are still speculative and could have an 

alternative explanation. For example, there has been some observations of a redshift quantisation, which alludes to an 

unexplained discrete jump in recession velocity with distance, which it is claimed cannot be explained within the accepted 

interpretation of redshift. While supporters of the standard model may dismiss these anomalies, they remain a subject of 

controversy. Therefore, while accepting the current tenets of the model, it may be prudent to retain an open mind, as some 

structures on a cosmic scale may not actually conform to our initial model. The duty of inquiry still exists. 

 

V. Springel 

The evidence for an accelerating universe provided by type-Ia supernovae relies on a purely phenomenological 

calibration of the relation between the peak luminosity and the shape of the light curve. It is this that lets these 

supernovae be used as an accurate standard candle. Yet this relation is not at all understood theoretically. 

 

It has long been accepted that gravitation may affect the path of light and, in cosmology, this has led to the idea of gravitational 

lensing in which a distance object may be located at a point that is actually different to its real origin. In cosmology, a 

foreground object, such as a galaxy, can distort the space around itself, as predicted by general relativity, which then deflects 

light passing nearby. In some circumstances, a strong gravitational lens can magnify a distant object, which would otherwise be 

very difficult to observe. Such techniques have been important additions to the cosmologist toolbox and have allowed 

cosmologist to peer ever deeper into the universe. Based on the increasing weight of observation, in conjunction with advances 

in physics, astrophysicists have attempted to further model the large-scale structures of the universe based on the underlying 

assumptions of the Big Bang model. 

 

S. D. M. White 

Very few of the important questions in cosmology and large-scale structure can be regarded as closed. The recent history 

of the subject provides a vivid reminder of how new theoretical insights and/or new observational datasets can quickly 

overturn conventional wisdom in rapidly advancing fields of science. At the present time, the two outstanding questions 

are the identity of the dark matter and the nature of the dark energy. 

 

Today, there is now much speculation about the type and nature of matter that makes up the universe, which has led to further 

speculation about the expected distribution of matter, which might support or refute certain cosmological theories. For 

example, based on gravitation anomalies that cannot be explained by conventional matter, it has been speculated that much of 

the universe must consist of cold dark matter.  Clearly, the existence of such exotic matter could profoundly change the 

evolutionary model of the universe. However, today, cosmologists have, by general consensus, interpreted the irregularities in 

the cosmic microwave background radiation and presence of high redshift into a model that suggests we are living in an 

expanding universe of finite age, in the order of 13.7 billion years. 
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Consensus: 1990's 

In the 1990s, there was a growing consensus that the universe 

might not have enough matter to allow gravity to stop or reverse 

the observed expansion. However, subsequent observations then 

appear to suggest that the universe was actually expanding faster 

than it was a billion years ago. So while it was still generally 

assumed that gravity was causing a slow-down effect, a new 

'force' was required to explain the apparent accelerated 

expansion, at which point, dark energy entered onto the stage. 

Consensus: 2010 

Today, there is a growing consensus among cosmologists that the 

total density of matter is equal to the critical density, such that 

the universe is spatially flat. The make-up of this density is 4% 

normal matter, 23% dark matter, an 73% dark energy. If true, 

then dark energy is already the major force that will determine 

the fate of the universe, which will ultimately lead to a 'heat 

death' due to on-going expansion. 

1.2.4.3 The Future Universe 
 

In the previous section, we associated the present era 

with the age of stars. However, at some future point in 

time, possibly some 10-100 trillion years, the last 

hydrogen-fuelled star will cease the process of fusion. 

No matter how dramatic this may appear from our 

current perspective, the life span of the universe may 

have barely started. At this moment in time, i.e. +13.7 

billion years, we are currently less than 0.15% into the 

stelliferous era of stars. As we enter the far future, the 

distribution of stars will have changed radically. An 

accurate prediction of the nature of a far future universe will, like the early universe, require additional advances in 

fundamental physics. So before discussing just one scenario, it is possibly worth outlining a few other possibilities: 

 

 The Big Crunch:  

If the energy density currently attributed to `dark 

energy` diminishes to a point where the universe 

is closed, i.e. [k>0], it would be possible for the 

expansion of the universe to reverse and the 

universe contract back towards a hot, dense 

state, analogous to a time-reversal of the Big 

Bang. This is often discussed as part of an 

oscillating universe, similar in scope to simple 

harmonic motion. Note, the collapse of the 

universe under gravity is assumed by this 

hypothesis, but not necessarily explained by it, as there appears to be an implicit suggestion that gravity is either pulling 

matter towards some centre, analogous to a black hole, or can somehow reverse the expansion of space.  

 

 The Big Rip: 

This scenario is associated with the speculation 

that the energy density of dark energy increases 

without limit over time. As a consequence, the 

expansion rate [H] of the universe will increase 

without limit. Gravitationally bound systems, 

such as clusters of galaxies, galaxies, the solar 

system and ultimately the Earth would be torn 

apart as all gravitational cohesion is lost to 

expansion. Eventually, the expansion would 

increase so that the electromagnetic forces holding people, molecules and atoms together would be overcome. Finally, 

even atomic nuclei will be torn apart and the universe as we know it will end.  

 

http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
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Consensus: 2030? 

Another 20 years will see a new generation of 

scientists representing the weight of 

authority. Whether they will hold to the 

current consensus might be debatable. 

 Vacuum Meta-stability Disaster:  

If our universe is in a very long-lived false vacuum, it is possible that 

the universe will collapse into a lower energy state. In this case, all 

structures will be destroyed instantaneously, without any forewarning 

and be worthy of its foreboding name.  

 

 Heat Death:  

This scenario is generally considered to be the most likely and is the one that will underpin our discussion. Essentially, it 

assumes that the universe continues to expand based on k=0. As such, the universe must eventually enter a high entropy 

state, in which galaxies collapse into black holes that subsequently evaporate via Hawking radiation. In this case, the 

universe will ultimately consist of only uniform radiation. 

 

1.2.4.3.1 The Degenerate Era: 10
14

 to 10
40

 Years 
 

Fate of Stars 

A 100 trillion (10
14

) years from now, star formation will come to an end, 

leaving what might be called only the 'degenerate remnants' of the 

universe we see today. 

 

When stellar evolution comes to an end, we have about equal numbers of 

brown dwarfs and white dwarfs, and as many as about 1 in every 1000 will be 

black holes or neutron stars. Using the expansion rate defined by [H] as a 

function of time, the universe will be, by the end of the stelliferous era, some 

100,000 times larger than at the present age. However, during the Degenerate 

era, the universe still will expand, albeit at a slower rate from 10
15

 to 10
30

 light-

years in radius. A brown dwarf is a potential fledgling star that had insufficient 

mass to create the pressure and temperature required for hydrogen fusion. As 

a result, by the degenerate era, brown dwarfs end up holding most of the 

unburned hydrogen in the universe. If these objects collide then new stars 

could be created, although in the context of the totality of the universe, this 

will be a relatively rare event. Since we can make an estimate of the number of 

brown dwarfs, per galaxy, and their potential collision rate, we can also make a 

ballpark estimate as to how many of these aggregated brown dwarf stars might be shining in a galaxy in the Degenerate Era. 

From a galaxy that original has 100 billion shining stars, by the degenerate era, this would have reduce to 2-3 stars and typically 

they will be about 10,000 times dimmer than our Sun. 

 

The 'New' Age 

On entering the Degenerate Era, there will be an inventory of brown dwarfs, white dwarfs, neutron stars and black 

holes. This era is estimated to last for as long as 10,000 trillion, trillion, trillion (10
40

) years. At the end of this era, all that 

will remain are black holes that have continued to capture stars and gas and anything that falls into their event horizons. 
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The 'Visible' Universe 

Not only will the light literally  stop 

shining, but the recessional velocity 

of universe will have separated all 

another stellar object beyond the 

cosmological horizon of any 

conceptual observer. Surprisingly, 

this is far from the end of the story. 

Since the white dwarfs are quite a bit larger than the brown dwarfs, by a factor of 

10 in mass, the vast majority of the baryonic mass, i.e. protons, are contained 

within the white dwarfs. These objects will be the most important stellar objects in 

the universe for the next 10
37

 years. A white dwarf is the core of a small and 

medium-size star after all the hydrogen it contained has fused into helium. During a 

red giant phase, most of its outer material was expelled until only the core 

remained. Although this core was incredibly hot, by the degenerate era it has 

cooled to the frigid temperate of liquid nitrogen.  Occasionally, as measured on this 

astronomical scale, white dwarfs may also collide, which may result in the gloom 

being punctuated by a spectacular supernova. However, white dwarfs would also collect dark matter particles and, over time, 

these particles annihilate within the star and generate radiation that would become the dominant energy source in the 

universe. The power generated by such a white dwarf is about quadrillion watts, which is quite small compared to the total 

output of the Sun; in fact it is more analogous to the energy that our Earth currently receives from the sun. Over a longer 

timeframe, the white dwarfs and neutron stars will evaporate energy via a process called neutron and proton decay. At this 

stage in the life of the universe, most of the protons and electrons are contained in the white dwarfs. When a proton decays 

into a positron, this positron will very quickly collide with an electron and annihilate, thus mass-energy begins to be converted 

back into radiation-energy. At this point, we can summarise the complete life cycle of our Sun. It was born in the spiral arm of a 

galaxy and shines as a normal star for some 10-12 billion years. After which it becomes a red giant and then a hot white dwarf, 

which then radiates its heat into the universe for trillions of years. However, proton decay ultimately takes over as the white 

dwarf continues to radiate its mass and energy away. During this phase, a white dwarf may only be generating 400 watts of 

power, i.e. the energy of about 4 light bulbs. Eventually the star is reduced to a 

block of hydrogen ice, with a dwindling store of mass and internal radiation energy. 

Eventually, the block of hydrogen ice will simply evaporate out of existence. This is 

the projected fate that awaits 99% of all stars. At the beginning of the Degenerate 

Era, there was an inventory of brown dwarfs, white dwarfs, neutron stars and black 

holes. As the era draws to a close, all that remains are black holes that have 

continued to capture stars and gas and anything that falls into their event horizons. 

It has been estimated that the degenerate era may last for as long as 10,000 trillion, 

trillion, trillion (10
40

) years. 

 

1.2.4.3.2 The Black Hole Era: 10
40

-10
100

 years 
 

As the Degenerate Era closes, we enter the Black Hole Era. Black holes are objects 

that are so dense and so massive that their escape velocity is greater than the speed 

of light. They are the only objects that may survive proton decay. Originally, the 

definition of a black hole implied that anything entering the black hole horizon 

would be lost and its gravitational attraction would not even allow light to escape. 

However, developments in quantum theory have subsequently suggested that it 

might be possible for radiation to leak out, although the process would be so slow 

that it would be almost imperceptible in today's universe. However, in a universe 

where all other stellar objects have evaporated, a black hole would be the brightest, 

albeit the only, objects that exist. 

http://www.mysearch.org.uk/website1/html/512.Horizons.html
http://www.mysearch.org.uk/website1/html/290.Blackholes.html
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The Fate of the Universe 

In the description presented, it might be 

interpreted that the universe does indeed 

'die' a sort of 'heat death'. Of course, we 

might recognise that, in principle, time 

does not stop and therefore we have only 

really described the stagnation of all 

particle physics, as we know it. 

A Happier Ending? 

While beyond the scope of the present 

discussion, there is a suggestion that the 

energy of our universe emerged from a 

conceptually infinite quantum universe. As 

such, this may open the door to the 

speculation that our universe may, at 

some point, undergo one final phase 

transition, which returns everything back 

to its quantum source, only for the cycle 

to be renewed. While possibly too fanciful 

to ever be true, it is in the nature of 

humanity to hope for a happy ending. 

Just in case we forget, we are in the realm of near total speculation. In 

reality, science has not yet even conclusively proved that black holes 

exist, although there are many who would now say that there is 

sufficient circumstantial evidence to validate their existence. 

 

However, today, it is generally accepted that black holes can be created when 

a very large star explodes as a supernova. While the normal outcome may be a 

neutron star, if the remnant star left by the explosion is more than about 

twice the mass of the sun, the object may collapse into a black hole. 

 

Again, while there is some observational evidence that black holes do 

indeed exist, it is still too early to put a figure on the total number. 

 

Even so, some have suggested that in a galaxy of some 100 billion stars, there 

may be as many as a million black holes. There is also some evidence 

suggesting that a super-massive black hole may exist at the heart of most 

galaxies. If so, this black hole could have a mass that is a billion times greater 

than our sun. The evidence cited in support of this speculation is based on the 

orbital velocities of stars at the centre of the galaxy. The high orbital speed 

suggests that there is a huge gravitational mass at the centre, which cannot be 

seen and is compressed into an extraordinary small volume. Keeping the 

degree of the speculation in mind, it is possible that by the black hole era, the 

galaxies could be reduced to a massive black hole and up to a million smaller 

ones, all radiating small amounts of energy. While this process would be 

incredibly slow, it suggests that even black holes would have a finite lifetime, which depends on their original mass. Therefore, 

the super-massive black holes will live much longer than smaller black holes. The following numbers give an indication of the 

life spans of black holes: 

 

 At 1 solar mass, life expectancy would be ~10
65

 years. 

 At 10 solar masses, life expectancy would be a 1000 time greater at 10
68

 years. 

 At 1 million solar masses, in line with a galactic black hole, life expectancy would be ~10
83

 years. 

 

While, in human terms this may appear close to an eternity, the black hole era is finite and therefore destined to end. At this 

point, the active life of the universe would effectively end. 
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The Anthropic Principle 

Was originally forwarded by F.R. 

Tennant and might be summarised in 

terms of 'if something moves towards 

complexity, then there must be a 

guiding hand'. The adoption of this 

principle in the field cosmology basically 

aligns to the perception that the 

probability of the precise sequence of 

events defined by the Big Bang is so 

incredibly small that there must have 

been a 'guiding hand' in the process. 

1.2.5 Summary-2: Anthropic Principles 
 

Depending on your present  worldview, you may argue the ‘weight of 

authority’ presented in this section is completely biased towards the idea of a 

scientific authority, which totally disregards any other form of intellectual 

authority. While this is a fair criticism, the stated purpose of this entire section, 

from the outset, was to present the scientific worldview as best as it is understood 

by somebody who makes no claim to be scientist. Of course, by the same token, a 

professional scientist might equally argue that the clarity of science has been lost 

in the simplification and misunderstandings of a hobbyist, who has not fully 

understood the complexity of modern science.  

 

But who is really qualified to talk about the creation of the universe? 

 

Within the scope of this summary, we shall again widen the perspective, a little, 

by considering some of the open issues that science has not, yet, been able to 

address with its mathematical models, let alone empirically verify. While, at this 

point, we might attempt to describe the ‘anthropic principle’ solely in term of a 

scientific debate, this would be overtly one-dimensional, as the nature of the 

debate has to, at least, consider the  philosophical  and  theological  perspectives. 

Therefore, we need to begin by providing some background to the scope of the 

debate in general. Today, it seems foolish not to accept that there are still many 

unanswerable questions about the universe, e.g. 

 

Has the universe existed for eternity or was it subject to some act of creation? 

 

Embedded in the question are two basic options. First, if we avoid the issue creation by assuming the universe has always 

existed, we are forced to confront the problem of the infinity of time and space. On the other hand, if we consider the 

possibility of the universe only having a finite existence, we are forced to consider the act or process of creation, i.e.  

 

Who or what did the creating and if 'who', then why? 

 

It has been previously argued that human rationale operates on both an emotional and intellectual level. On one level, our 

rational consciousness may not be able to accept the universe just `popping` into existence; so questions about who or what 

did the creating will always be a natural point of debate, especially for theologians and philosophers. For the scientist, 

questions about creation may be translated into the context of the conservation of energy or the nature of entropy, while for 

the theologian it is more natural to look for the hand of God. If we accept that there is still a lack of undeniable evidence, then 

each approach may feel entitled to speculate, although by this argument, no approach can claim the full `weight of 

authority` such that it might appear dogmatic in trying to impose its view on others. Yet again, to quote Clifford’s central 

conclusion: 

 

“ It is wrong always, everywhere, and for anyone, to believe anything on insufficient evidence .” 

http://www.mysearch.org.uk/website1/html/5.Worldviews.html
http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/38.Philosophy.html
http://www.mysearch.org.uk/website1/html/49.Theology.html
http://www.mysearch.org.uk/website1/html/102.Emotions.html
http://www.mysearch.org.uk/website1/html/109.Intelligence.html
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Counter-Counter Arguments 

In truth, there appears to be a certain 

futility in continuing with the process of 

'argument and counter-argument' in the 

current context, because, 'in truth', nobody 

knows all the answers to all the questions 

raised by cosmology. Of course, some will 

continue to rationalise the validity of their 

worldview, based on deduction or simple 

belief, but for now, we are left to consider 

the probability, not the certainty, of any 

speculation. 

As such, this axiom must equally apply to the scientific worldview as any 

other. However, if we try to take emotional beliefs out of the debate for one 

moment, it might be argued that science should be left to seek its truth 

through rational logic backed up by empirical evidence. On this basis, the 

standard models of science represent a consensus of what science believes 

to be its best interpretation to-date. However, it is probably fair to say that 

few scientists have ever accepted any of the cosmological models as 

anything more than interim; i.e. they represent a process of learning that is 

always subject to new discoveries. In this respect, history has also repeatedly 

shown us that as empirical evidence grew, older models eventually had to 

give way to new models.  If we consider the effects of the 2
nd

 law of 

thermodynamics (or entropy) on the workings of the universe, there is the 

perception that the universe is moving towards thermal stagnation, i.e. 

increasing entropy. In contrast, the effect of gravity creates what might be described as an `anti-entropy` effect. Under the 

crushing force of gravity, fusion ignites the stars, which are the source of other `anti-entropy` processes that includes life itself. 

However, while fusion is the process by which some of the heavier elements are built, and on which life is also dependent, none 

of this could take place without the energy initially imparted by gravitational collapse. However, today, one of the biggest 

problems with the standard model is the apparent inability to completely resolve both general relativity and quantum theory 

into a single unified model of quantum gravity. As such, it appears that we still need two paradigms, one that explains the very 

large and another to explain the very small, which is particularly problematic in the field of cosmology, where these two 

paradigms appear to collide. The discussion of entropy and gravity can also lead into the general issue of structural 

organisation, i.e. 

 

How did the structural complexity of the universe evolve? 

 

Some forms of structural organisation may occur because it represents an entropy process, in the sense, that the new structure 

represents a lower energy configuration. For example, the chemical potential energy, which is bound up in most of the 

20,000,000 known kinds of molecules is less than their component elements. However, higher structural organisation will 

typically require input energy. In an ecosystem, such as the Earth, all this energy is derived from gravity, in the sense that 

gravity drove the process of fusion within our Sun, and the Sun radiates the energy required by the Earth. An understanding of 

how and why structural organisation evolves is key, not only to the understanding of how fundamental particles combine, but 

to why galaxies forms and ultimately to why life has evolved. Of course, in this context, we may question whether the approach 

of experimental particle physics, i.e. smashing things into ever-smaller particles, is ever going to provide any of the real answers 

for which we search. Even so, the particle model represents some of the deepest understanding of the workings of the 

universe, although it does not account for either dark matter or dark energy, i.e. 96% of the cosmological model. Equally, within 

the standard cosmological model, there are some 20 parameters that could be described as `magic numbers`. Even relatively 

minuscule changes in some of these magic numbers would result in a very different universe. While it is beyond the scope of 

this discussion to go into all the details, it may be useful to have some appreciation of the basic issues. The items listed below 

are only intended to be representative of the issues, which have led science into the debate known as the `Anthropic Principle`, 

which can also encompass the equally contentious debate between science and theology referred to as `Intelligent Design`: 

 

http://www.mysearch.org.uk/website1/html/11.Premise.html
http://www.mysearch.org.uk/website1/html/558.Particles.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
149 of 392 

 

The Nature of Complexity? 

The chemical potential energy, i.e. the 

enthalpy of formation, bound up in most 

of the 20,000,000 known kinds of 

molecules, is less than that of its 

constituent elements. Therefore, in this 

case, entropy allows complexity to be 

spontaneously created from simpler 

elements. Of course, while this example 

might refute the need for a 'guiding 

hand', the counter-argument is that the 

'guiding hand' wrote the laws of physics. 

 The electromagnetic force is some 39 orders of magnitude stronger 

than the gravitational force, but even a small change, in this seeming 

impossibly large disparity, would cause the stars to collapse long 

before life had a chance to evolve.  

 

 The electron mass is less than the difference in the masses of the 

neutron and proton. This fact allows a free neutron to decay into a 

proton, electron, and anti-neutrino. Of course, if a neutron is not 

really a fundamental particle, but rather an energy configuration, 

which includes the proton and electron, then this is not so surprising. 

However, if this were not the case, the neutron would be stable and 

most of the protons and electrons in the early universe would have 

combined to form neutrons, leaving little hydrogen to fuel the stars.  

 

 The neutron is heavier than the proton, but by only a small amount that does not prevent the neutrons being bound 

in nuclei, where the conservation of energy prevents the neutrons from decaying. Without neutrons we would not 

have the heavier elements needed for building complex systems such as life. 

 

To illustrate the size of the gravity force, without worrying about the units, the force gravity can be compared in the 4 

examples: 

Electron orbiting a proton ~10
-47

 

Two 1kg masses, 1 metre apart ~10
-10

 

A 1kg mass on Earth surface ~10
1
 

Between the Earth and Sun ~10
+22

 

 

In the first case, we get some appreciation of the minuscule force of gravity at the nuclear level. The second case also illustrates 

that the force of gravity is still very small between two everyday masses on Earth. However, in third case, gravity starts to 

become a dominant force, once the mass of an object becomes as large as the Earth. In the last cases, gravity is now operating 

on masses on a cosmologic scale, i.e. the Earth and Sun. While the effect of gravity at the atomic level may appear so small as to 

be irrelevant, this not the case, as it still has a major effect when atomic effects are scaled to the size of nuclear fusion in stars. 

If we were to change the strength of the gravitation force from 10
-47

 to 10
-46

, i.e. by a factor of 10, the lifetime of the star would 

change by a factor of 1000. This would reduce the lifetime of a typical star from 10 billion years to 10 million years, which would 

not allow sufficient time for life, as we know it, to evolve. In 1973, astronomer Brandon Carter injected the notion of the 

anthropic principle to the cosmological debate, by hypothesized that the anthropic coincidences are not the result of chance, 

but somehow built into the structure of the universe. However, there are several variant forms of anthropic principles, e.g. 

 

 Weak anthropic principle (WAP): 

The observed values of all physical and cosmological quantities are not equally probable, but take on values restricted 

by the requirement that there exist sites where carbon-based life can evolve and by the requirement that the 

Universe be old enough for it to have already done so.  
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Douglas Adams  

Imagine a puddle waking up one morning 

and thinking, ‘This is an interesting world I 

find myself in – an interesting hole I find 

myself in – fits me rather neatly, doesn’t 

it? In fact it fits me staggeringly well, must 

have been made to have me in it!’ This is 

such a powerful idea that as the sun rises 

in the sky and the air heats up and as, 

gradually, the puddle gets smaller and 

smaller, it’s still frantically hanging on to 

the notion that everything’s going to be 

alright, because this world was meant to 

have him in it, was built to have him in it; 

so the moment he disappears catches him 

rather by surprise. 

 Strong anthropic principle (SAP):  

The Universe must have those properties, which allow life to develop within it at some stage in its history.  

 

 Final anthropic principle (FAP):  

Intelligent information processing must come into evidence in the Universe, and, once it comes into existence, it will 

never die out. 

 

These anthropic principles are driven by coincidences that strike most people as 

puzzling and naturally they begin to wonder as to what it might imply about the 

nature and structure of the universe. Not surprisingly, there is no shortage of 

suggestions and which, if any, of these options is the most attractive to you will 

probably depend on your current worldview.   

 

 The universe was designed to sustain observers. 

People often interpret this position as evidence for a creator, or to be 

more specific, the God they happen to believe in. They point to the 

unique set of physical constants, which appear so exquisitely fine-

tuned for life and conclude that there has to be purposeful design 

behind the universe. However, nothing in any previous discussions 

requires that this God has to be one of any particular faith. Indeed, 

`design` might simply infer a purely natural process, e.g. the design 

inherent in Darwinian natural selection or just some structure built 

into the universe that science has not yet explained.  

 

 Observers are necessary to bring the Universe into being.  

This idea arises from an interpretation of quantum theory, i.e. the collapse of the quantum wave function due to the 

observer. Though it has formed the basis of a large volume of popular literature, few physicists now take it very 

seriously.  

 

 Our Universe is but one of an infinite number of universes . 

Presents the notion that multiple universes exist and so we just happen to live in a universe, which is suitable for the 

evolution of our kind of life, i.e. given an infinite number of universes, the probability of almost anything eventually 

becomes a certainty.  

 

 The anthropic principle is wrong  

There is nothing magical about the 20 parameters other than our lack of understanding of the process of how they 

come to be. 

 

To be honest, at this point, the conclusion is that the ‘weight of authority’ appears insufficient to assume that there is the 

necessary understanding of all the detailed workings of the universe to say with any confidence that Big Bang model will be 

around in its current form for even the next 10 years, let alone the next 100 years. For this reason, the next section will reflect 

further on whether this model may have already exceeded the ‘limits of inference’ . 

http://www.mysearch.org.uk/website1/html/5.Worldviews.html
http://www.mysearch.org.uk/website1/html/323.Quantum.html
http://www.mysearch.org.uk/website1/html/549.Collapse.html
http://www.mysearch.org.uk/website1/html/620.Many-Worlds.html
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Philosophical Footnote:  

It is realised that many people prefer not to overload a scientific discussion with philosophical speculation, but to some 

extent it is in the nature of cosmology that it overlaps into both philosophical and theological debate, as in the case of 

the anthropic principle. In this context, questions can be raised that not only touch on the purpose of the universe, but 

the purpose of any life within it. While there appears to be no immediate resolution to this debate, other than the 

preference of your own worldview, we might rephrase the question about 'purpose' in another way, by asking whether 

there is any purpose of existence after death? As an anthropomorphic analogy, the universe is predicted to finally 

succumb to 'heat death' after a 'lifetime' of 10
100 

years, after which nothing else can happen. If so, we might question 

the purpose of any continued existence of empty spacetime, in which nothing happens, for the rest of eternity? 

Alternatively, we might consider the possibility within the inflation model that all the energy of this universe might 

eventually returned to a 'quantum universe' such that it may then continuously spawn other 'bubble universes' in an 

endless cycle of creation. However, in this context, the physics of inflation would  suggest that nothing of the original 

universe would survive this process. So the corollary to this analogy, in terms of humanity, is whether there would be any 

purpose, let alone rationale, to life after our own death, especially as our sentient intelligence appears to be predicated 

on the physical existence of our brains, while our emotional intelligence seems to require physical embodiment? 

 

  

http://www.mysearch.org.uk/website1/html/455.Personal.html
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Richard Keen 

"Inference upon inference, leading 

to another inference." 

William Kingdon Clifford,  

“The aim of scientific thought, then, is to apply 

past experience to new circumstances; the 

instrument is an observed uniformity in the 

course of events. By the use of this instrument 

it gives us information transcending our 

experience, it enables us to infer things that 

we have not seen from things that we have 

seen; and the evidence for the truth of that 

information depends on our supposing that 

the uniformity holds good beyond our 

experience.”  

1.3 The Limits of Inference 
 

The ‘Concordance Model’  that encompasses an initial ‘inflationary model’ and the 

subsequent ‘Lambda Cold Dark Matter (ΛCDM)’ model still aligns to the basic idea of 

the `Big Bang` model. This composite model has evolved in response to increasingly 

detailed study of the Cosmic Microwave Background (CMB) radiation plus the large-

scale structures of the cosmos, which appear to exist within an accelerating expanding universe. As such, it is possibly the most 

accepted model that is in general agreement with observed phenomena. However, it is also a model based on normal matter 

only constituting 4% of the universe with the remaining 96% described in terms of 23% cold dark matter and 73% dark energy; 

the exact nature of which are essentially unknown and unverified. 

 

 
 

It is stated from the outset that this discussion does not intend, or aspire, 

to replicate the in-depth technical details supporting the concordance 

model, which may be found within other websites. Instead, the goal is to 

select certain key issues and see what, if any, physical interpretation can 

be associated with this model. The discussion also attempts to strike 

some balance in terms of arguments for and against the model; for while 

this model is supported by many observations, there are some key 

aspects that still remain conjecture. So, as in other areas of science, we 

need to recognise where aspects of this model are based on speculative 

assumptions, especially those that may have been extrapolated well 

beyond the `limits of inference’. This is not a criticism, just a statement of 

the processes involved and one that the reader may wish to take into 

consideration. However, to begin this section of the overall discussion, we 

shall assume that the concordance model is an accepted cosmological model, which includes, and requires, the conceptual 

ideas of cold dark matter and dark energy; although they are not really explained by the standard particle model of physics and, 

as such, may be said to be unverified. So, in essence, the concordance model describes a universe that is 13.7 billion years old 

and made up of 4% baryonic matter, 23% dark matter and 73% dark energy. In addition, the Hubble constant [H] is said to 

http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/235.Accepted.html#Particle_model
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reflect an expanding universe with a measured value of 71 km/s/Mpc linked to an overall energy density, which is very close to 

the critical energy-density value. As far as can be ascertained at this time, this model appears to conform to certain key 

observations, although this statement should not be interpreted as a statement that the model has pass all reasonable criteria 

of empirical verification. 

 

1.3.1 Concordance Model 
 

Possibly the two most salient questions regarding the concordance model is who believes it and why. First, in response to the 

`who`, it is probably true to say that the majority of cosmologists working in this field would probably support the basic tenets 

of this model, but not necessarily all its conclusions. Second, considering the `why`, it is assumed that the supporters of the 

model would simply say that there is sufficient evidence to convinced them that this model is on the right tracks.  

 

 

 

Model Limits: 

Scientific models have limitations for a number of reasons. First, almost by definition, all models have limits beyond 

which the phenomena might not be accurately predicted. Second, as a consequence of the first, all models become a 

logical analogy, which proceed on a possibly tenuous assumption that each preceding element in the model reflects the 

actuality of the physical process. Finally, while it was once assumed that for something to be true, a basic model should 

be possible; this assumption can now be strained to breaking point by the 'physical reality' of some phenomena, e.g. 

quantum processes. 

 

While noting the implication of general support for the concordance model, let us also summarise 3 key aspects of the current 

model, which although compatible with observations, invoke new ideas that extend beyond the baseline of standard particle 

physics: 
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1. Inflation is a hypothesis that might explain why the Universe has evolved as we now see it. However, it requires a 

concept of ultra-high energy physics that is not verified or even necessarily understood. 

  

2. The evolution of the large-scale structures of the universe seems to require the existence of a new type of matter, 

which does not interact with normal matter. Again, the existence of this matter has not been verified, only inferred 

from various galactic anomalies. However, it does have a name, i.e. Cold Dark Matter (CDM).  

 

3. Observations now suggest that the universe is not only expanding, but this expansion is now accelerating, which 

suggests some causative agent. So far, the nature of this agent is unverified, not understood and referenced via 

several different names. To some it is the cosmological constant; while others refer to it as dark energy or possibly 

vacuum energy or even zero point energy. 

 

So while the weight of authority undoubtedly supports the current model, the previous summary does appear to highlight a 

level of speculation underpinning this model, which has led some to question, not only its interpretations, but the scientific 

principles underpinning its development: 

 

"Astronomy can never be a hard-core physics discipline, because the Universe offers no control experiment, i.e. with no 

independent checks it is bound to be highly ambiguous and degenerate. For example, while superluminal motion can be 

explained by Special Relativity, data on the former can never on their own be used to establish the latter. This is why 

traditionally astrophysicists have been content with (and proud of) their ability to use known physical laws and processes 

established in the laboratory to explain celestial phenomena. Cosmology is not even astrophysics: all the principal 

assumptions in this field are unverified (or unverifiable) in the laboratory, and researchers are quite comfortable with 

inventing unknowns to explain the unknown. How then could, after fifty years of failed attempt in finding dark matter, 

the fields of dark matter and now dark energy have become such lofty priorities in astronomy funding, to the detriment 

of all other branches of astronomy?" 

 

This statement was not written by a marginalized amateur trying to push his own unsubstantiated theory, but rather a 

respected professor of physics at the University of Alabama, Dr. Richard Lieu. The full article can be read by following the title 

link: ΛCDM cosmology, from which the next extract is also taken: 

 

"Cosmologists should not pretend to be mainstream physicists, because there is only one irreproducible Universe and 

control experiments are impossible. The claim to overwhelming evidence in support of dark energy and dark matter is an 

act of exaggeration, which involves heavy selection of evidence and an inconsiderate attitude towards alternative 

models with fewer (or no) dark components. When all evidence are taken into account, it is by no means clear that 

ΛCDM wins by such leaps and bounds." 

 

Please accept that the goal of this discussion is not to try and discredit the concordance model, but neither is it a goal to simply 

accept statements, as fact, without carrying some level of inquiry. So, initially, it will be assumed that the experts qualified to 

discuss the ΛCDM model fall into 1 of 2 camps, i.e. for or against. While possibly too much of generalisation, we might initially 

assume that the ‘for’ camp will naturally focus on all the upside observational evidence that support their position, while 

the ‘against’ camp want to cite all the anomalies, no matter how obscure. So, while this overview may lack any authority, it will 

try to look at both sides of the argument, simply because the ΛCDM model is just what is its name suggests, i.e. a model, and 

http://www.mysearch.org.uk/website1/pdf/364.0705.2462v1.pdf


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
155 of 392 

 

Seneca  

The time will come when diligent 

research over long periods will bring 

to light things that now lie hidden. A 

single life time, even though 

entirely devoted to research, would 

not be enough for the investigation 

of so vast a subject. And so this 

knowledge will be unfolded through 

long successive ages. There will 

come a time when our descendants 

will be amazed that we did not 

know things that are so plain to 

them. Many discoveries are 

reserved for ages still to come, 

when memory of us will have been 

effaced. Our universe is a sorry little 

affair unless it has in it something 

for every age to investigate. Nature 

does not reveal her mysteries once 

and for all. 

not, as yet, a statement of verified fact. So on this basis we will continue with what might appear a number of questioning 

statements, but which might encapsulate some of the central issues of the current model: 

 

 The ΛCDM model requires some form of prerequisite and additional inflationary model as, in isolation; as the ΛCDM 

model cannot explain the expansion of the observed universe from a cosmic singularity of zero dimensions and 

infinite density. 

 

 The ΛCDM model is predicated on normal matter only constituting 4% of the universe with the remaining 96% 

described in terms of 23% cold dark matter and 73% dark energy; the exact nature of both are essentially unknown 

and unverified.  

 

 However, the ΛCDM model still aligns to the idea of a basic `big bang` model, which said to explain the cosmic 

microwave background observations, as well as the large-scale structural and supernovae observations of an 

accelerating expanding universe. As such, it is the simplest known model that is in general agreement with observed 

phenomena. 

 

The next 2 sub-sections of this introduction are intended to provide an initial insight of the key concepts that will be expanded 

on throughout the overall discussion of the ΛCDM concordance model: 

 

 Introductory Overview 

 Phased Transitions 

 

1.3.1.1 Introductory Overview 
 

Up front, it will simply be stated that whether the ΛCDM model of the universe 

describes the totality of all spacetime is an open question, which many experts 

continue to debate. However, as a generalisation, our universe is often described as 

starting from a ‘cosmic singularity’ of near infinite energy density and near zero 

spatial dimensions, from which all other events can be defined along a timeline, 

which might be thought to define the age of the universe. 

 

 Beginning at the Planck scale, the singularity is thought to have expanded with 

a radial velocity far in excess of the speed of light [c]. This inflationary epoch 

may have lasted little more than a fraction of second, but created an initial 

universe that was a causally connected volume of homogeneous spacetime, 

which continued to expand and cool.  

 

 After inflation, the universe was dominated by radiation in the form of a 

primordial super-hot plasma in which matter and antimatter are thought to 

have annihilated leaving only a net gain of 1 matter particle and 1-2 billion 

photons for every billion matter-antimatter particles annihilated.  

 

http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/366.Overview.html
http://www.mysearch.org.uk/website1/html/367.Phases.html
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 As the universe continued to expand, the temperature fell 

and particles, in the form of electrons and quarks, started 

to `condense` out of the plasma, which some fraction 

subsequently bind to form protons and neutrons. However, 

the plasma was initially so hot, the photons had enough 

energy to continually ionise any atomic structure that 

formed, i.e. hydrogen atoms. As such, the passage of 

photons was impeded and the universe is opaque to light.  

 

 As the universe continued to cool, a point was reached after 

some 370,000 years, where the temperature dropped below 

3000K. At this point, referred to as ‘decoupling’, photons no 

longer had enough energy to continuously ionise hydrogen 

atoms and photons became free to travel through the 

universe.  

 

 Decoupling also marked the transition to a matter-

dominated universe, where hydrogen and helium started to 

coalesce under gravity and will eventually form galaxies and 

stars. Within this epoch, most of the large-scale structures 

of the universe are thought to have formed.  

 

 For reasons that are not really understood, but based on observations of distant supernovae, the expansion of universe is 

now generally thought to have started to accelerate about 7 billion years along the timeline of the universe. However, 

such a phase transition usually needs to be explained in terms of some energy density component of the universe being 

more sensitive to expansion than another. For example, the energy density of radiation falls by a factor of [1/a
4
], while 

matter falls by a factor of [1/a
3
].  

 

 The definition of dark energy is predicated on its energy density remaining constant under spatial expansion. Therefore, 

the percentage of the total energy density per unit volume, made up of dark energy, increases with respect to both matter 

and radiation under expansion. Based on current measurements, it seems that the dark energy epoch may come to 

dominate into the far future, where exponential expansion leads to the eventually heat death of the universe. 

 

Please note that the entirety of this subject is enormous and generations of experts have written volumes in an attempt to 

describe all its technical details. As such, this overview may be little more than a starting point for those seriously interested in 

pursuing a deeper understanding. 

 

Dave Schramm 

Bishop Usher measured the age of the Universe to 9 significant figures, 

thereby demonstrating the difference between accuracy and precision. 

 

 

http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:
http://www.mysearch.org.uk/website1/html/357.Present.html
http://www.mysearch.org.uk/website1/html/367.Phases.html
http://www.mysearch.org.uk/website1/html/360.Future.html#Heat_Death:_
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Note of Caution 

It is highlighted that there are perceived problems with the basic 

energy density model linked to the Friedmann equations that 

will be raised throughout this section. This because the inflation 

process itself is not really well understood at this time and 

neither is how the expansion persisted for the 1st 7 billion years. 

1.3.1.2 Phased Transitions 
 

While the concordance model is still aligned to the 

standard Big Bang concept, it might be described as an 

extended phased model of the universe, which starts 

with inflation and ends in a heat death associated with 

the exponential expansion in the far future. It is 

highlighted that some cosmologists might contest the 

last statement because the exact  outcome of the 

universe  will depend on factors, which currently are still 

being researched. As alluded by the diagram, the 

evolution of the universe can be sub-divided into many 

stages. However, the model to be described will only 

provide an initial outline of the most salient phases. It is 

essentially a thermodynamic model, which is initially 

driven by the ultra-high temperatures associated with 

the near infinite energy density of the singularity that 

cooled under expansion to the very low temperatures 

now associated with the Cosmic Microwave Background 

(CMB)  of today. While the initial thermodynamic 

processes after the first second of existence almost defy 

human comprehension, they apparently still fall within 

the remit of 'known' physics as we leave the domain of 

Planck spacetime associated with the singularity. As 

such, the evolution of the universe can be described as a 

function of temperature and expansion against time. 

Therefore, the real complexity of the cosmological 

model must be justified in terms of known  

thermodynamic processes, which can then be used to 

explain the rate of expansion. However, this complexity 

is often initially reduced to a conceptual framework in 

which the universe is simply assumed to have expanded 

in terms of the  Friedmann-Robertson-Walker metric, 

which is then underpinned by the additional 

simplification of the cosmological principle. In this 

context, the FRW metric might be seen as a description 

of the effect of expansion, not an explanation of the cause; while the cosmological principle encapsulates the idea that the 

universe is both homogeneous and isotropic, at least, on its largest scale. Therefore, we now need to further consider the 

thermodynamic processes that support the generalised description of the concordance model in terms of an evolution 

separated into 4 fundamental phases, which start a fraction of a second after the Big Bang and can be extrapolated into the far 

future: 

 

http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/360.Future.html
http://www.mysearch.org.uk/website1/html/360.Future.html
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html
http://www.mysearch.org.uk/website1/html/491.Metric.html
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A Transitional Nature 

As the expansion of the universe is reversed 

in time towards the cosmic singularity, the 

universe becomes hotter and denser until 

matter undergoes a phase transition, i.e. it 

changes its form and properties. Using 

water as an analogy, increasing temperature 

causes a succession of phase transitions in 

which its properties change dramatically, i.e. 

ice (solid phase) melts to water (liquid 

phase) and then evaporates as steam 

(gaseous phase). Within these transitions, 

steam is said to be more 'symmetric' than 

water, which in turn is more 'symmetric' 

than ice. Within this description, energy 

within the universe begins in a unified or 

`symmetric' phase and then passes through 

a succession of phase transitions until, at 

lower temperatures, matter particles form, 

i.e. electrons, protons and neutrons. 

1. Inflation dominated 

2. Radiation dominated 

3. Matter dominated 

4. Dark Energy dominated 

 

Each of these phases has a distinct expansion scale factor a(t), which 

defines its temperature range and therefore the nature of the 

thermodynamics processes possible. At the end of each phase, there is 

essentially a phase transition, which decouples the physics of one phase 

from the next. Clearly, it is not the goal of this overview to do anything 

more than outline the most salient facts of these phases, primarily in terms 

of the scale factors that drive the expansion rate, e.g. 

 

[1]       

 

For clarification, [α] and [β] in the exponential components of the inflation 

and dark-energy expansion process simply identify another factor that may 

have to be introduced to separate the actual rate of expansion in each 

phase. A brief description of each phase is presented below, although it 

should be realised that each is a gross simplification of a much more 

complex process that scientist are still trying to unravel. 

 

1.3.1.2.1 Inflation Dominated Phase 
 

The exponential expansion due to inflation (e
αHt 

) is linked to a hypothesis that is required in order to explain the homogeneous 

and isotropic nature of the universe, which is observed in the form of the near uniform CMB temperature over all space. As 

such, it would have required a rate of expansion that far exceeded the speed of light and causally-connected the entire early 

universe. Estimates, within this hypothesis, suggest that the universe may have grown by ~2
100

, i.e. from about 10
-35

cms to 

~10cms in ~10
-32

 of a second. While equally speculative, it is possible that this enormous rate of expansion may be explained by 

the idea that the `force` of gravity was essentially absence, while still in the process of unravelling itself from a single unified 

force that may have existed within the Planck era of the universe. The end of inflation is referred to reheating, but is as 

speculative as the hypothesis of inflation itself, although the main idea is that some possibly unknown energy source drove 

inflation, which quickly decayed into relativistic particles, i.e. radiation, which then had an effective gravitational mass. 

See Inflation Model for more details. The description as to why the singularity started to expand exponentially is normally 

explained in terms of inflation theory and the concept of cosmological scalar fields, which in some way represent the energy 

density and pressure of the very early universe before normal particle physics stabilised. However, given that inflation theory 

only accounts for a minuscule period of time within the first second of existence, it is not obvious by what means expansion 

http://www.mysearch.org.uk/website1/html/499.Inflation.html
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continued, especially as the scalar field is acquired to decay within this initial phase. The problem perceived also relates to the 

implied nature of the Big Bang, not as an explosion, but rather the uniform expansion of each unit volume of space. Therefore, 

in these terms, it is difficult to explain how the `effect` of expansion persisted after inflation without some `cause` being 

maintained throughout all phases. 

 

1.3.1.2.2 Radiation Dominated Phase 
 

The post-inflation phase of the universe is thought to be fuelled by `baryogensis`, which describes the balance between matter 

and anti-matter being resolved in the very early universe and may account for some 2 billion photons for every particle. 

However, any sub-atomic particle in existence, at this time, should be considered in the form of hot plasma in which the 

radiation energy dominated. The temperatures associated with the energy density of the universe, at this stage, are initially so 

high that no atomic structure can be maintained due to high-energy photon collisions. While it is convenient to talk in terms of 

temperature, this quantity may be better understood as simply reflective of the kinetic energy being expended in photon 

collisions and the net energy density per unit volume. 

 

Can positive kinetic energy be considered in terms of a pressure that would drive the actual expansion of space? 

Would expansion increases the negative potential energy with respect to a speculative centre of gravity? 

 

Of course, as the universe is assumed to  have continued to expand, this energy density must have fallen, but there is also 

another factor related to Planck’s energy equation [E=hf] that needs to be taken into consideration. The wavelength associated 

with each photon can be ‘initially’ visualised as being stretched by the expansion of space and so the energy density associated 

with radiation falls by the factor [1/a
4
], while the energy density of matter particles only falls by the factor [1/a

3
]. As such, it can 

be seen that the dominance of radiation over matter would only have lasted for a finite duration under expansion. Typically, 

the end of the radiation dominated phase is often linked to the process of `decoupling` in which the temperature associated 

with the energy density falls below 3000K, approximately 370,000 years along the timeline of the universe. However, the 

derivation of the Fluid equation in this website was based on the assumption that the universe expanded as an adiabatic 

process in which there is no heat flow, where the equation of state for radiation is [+1/3]. As such, how space itself or the 

universe is thought to have expanded through this phase appears to be an open question. 

 

1.3.1.2.3 Matter Dominated Phase 
 

What meaning can be inferred from expansion, as defined by the value of [H=v/r], will be deferred to the section entitled 

'Interpreting Friedmann`. However, it will be highlighted that it seems difficult to explain how the following equation explains 

gravitational slow-down of the universe without any centre of gravity and what is possibly even more difficult is how it 

quantifies an expansion velocity. 

 

[2]       

 

As the radiation-dominated era ended, the original Big Bang model would have only been left with matter particles as the 

dominant energy-density in the universe. This matter would have been affected by localised gravity perturbations within the 

large-scale homogeneous density of the universe, which over time coalesced into galaxies and solar systems. However, in this 

http://www.mysearch.org.uk/website1/html/355.Quantum.html#Baryogenesis_10-35_seconds:
http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:
http://www.mysearch.org.uk/website1/html/343.Fluid.html
http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
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A Force of Nature  

In the present era, the fundamental forces 

of nature are each distinct and have very 

different attributes. However, the 

concordance model assumes that this was 

not always the case. If we step-frame time 

in the 1st second of existence, it is assumed 

that gravity separated out in the Planck 

phase (10
-43

s), followed by the strong 

nuclear (10
-35

s), followed finally by the split 

of the weak nuclear and electromagnetic 

forces (10
-19

s). The process of the forces 

separating from each other is called 

'spontaneous symmetry breaking'. 

context, the nature of the energy density [ρ] of matter would primarily be defined by its rest mass energy, i.e. E=mc
2
, if we 

assume that the velocity associated with this matter is low with respect to the speed of light [c]. If we extrapolate the 

requirements of a homogeneous universe onto an expanding universe, matter become increasingly rarefied to the point that it 

can be modelled as dust, which has no associated pressure [ω=0]. Again, it is not obvious as to why the universe would either 

expand or contract unless some additional assumption is added to this simplistic model. However, observations now appear to 

suggest that the universe may have quietly undergone yet another phase transition some 7 billion years along its timeline from 

the Big Bang, which actually caused the expansion of the universe to start accelerating, again. 

 

1.3.1.2.4 Dark Energy Dominated Phase 
 

The evidence for an accelerating expansion is based on observations of 

the brightness of distant supernovae. If the expansion of the universe 

were accelerating, its expansion must have been slower at some point in 

the past. Therefore, the time required to expand the distance between 2 

object, by a given factor, becomes longer and the distance larger at some 

points in the past. Therefore, if the universe is undergoing accelerated 

expansion, some supernovae should appear fainter because their current 

distances are larger and this seems to be the case. In order to account for 

this apparent accelerated expansion, cosmologists have forwarded the 

speculative concept of 'dark energy`, which is then assumed to drive an 

accelerated expansion into the present era. However, for this to work, 

dark energy must now account for about 73% of the present-day energy 

density of universe, even though it has never been directly detected and 

nobody really understands the physics necessary to explain its required 

attributes. As a basic description, dark energy seems to act as a form of 

anti-gravity, although this is somewhat contradicted by some descriptions of dark energy actually expanding the volume of 

space between objects in the large-scale universe rather than actively pushing these objects through space. However, possibly 

the most remarkable property is that as the volume of space increases, the energy density is unaffected by the exponential 

increase in the volume of the universe. It is this assumption about dark energy that leads to the suggestion that it must one day 

swamp the effects of gravitation associated with normal matter and cause the final phase transition into a dark energy 

dominated universe. Where the apparent increase in energy is coming from within the model is unclear, but it would also 

appear to undermine the conservation of energy assumptions underpinning the classical derivations of the Friedmann and 

Fluid equations. However, derivations anchored in general relativity may provide a better approach, which avoids such 

problems, although it is not known whether this is actually the case. 

  

http://www.mysearch.org.uk/website1/html/378.Energy.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/341.Equations.html
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1.3.2 Interpreting Friedmann 
 

While it is accepted that the Friedmann equations are a solution to Einstein’s field equations of general relativity, a more 

classical derivation seems to also provide some possibly interesting insights to the underlying physics. Therefore, it might be 

worth highlighting the following points about the classical derivations in comparison to the GR based derivations: 

 

 Both lead to the Friedmann equation set, i.e. there are no correction factors.  

 

 Although the Newtonian premise is based on gravitational energy rather than the curvature of space, the results are 

still the same.  

 

 Although the Newtonian derivation is based on mass-density, the equations can be converted to an energy-density 

using E=mc
2
. 

 

It may also be highlighted that while general relativity and 

Newtonian mechanics describe the effects of gravity in a 

fundamentally different ways, i.e. spatial curvature as 

opposed to a gravitational force, in relative weak gravitational 

fields, the results of both approaches must converge. One 

other point of convergence is that a gravitational centre is still 

required by both approaches, i.e. gravitation curvature or a 

gravitational force. However, in order to reconcile the 

Friedmann equation to the ΛCDM model, we also need to 

consider the density [ρ] and pressure [P] implications that 

arise out of the Fluid equation, which were based on the 

classical idea of the conservation of energy and tied to the 

1
st

 law of thermodynamics. While it is accepted that 

speculation has a valid role in science, there appears to be a 

growing preference to ‘market’ what may be little more than 

speculation as a theory or hypothesis, especially when it 

appears to be underpinned by some degree of mathematical logic. However, given that many hypotheses are eventually proven 

to be unfounded, it might also be recognised that mathematics, in isolation, does not necessarily lead to an accurate 

description of the physical universe. So let us try to put the scope of this speculation into some overall perspective, based on 

the starting assumption that some form of energy-density model is thought to underpin the basic premise of the Big Bang 

concept. In this context, we might wish to highlight that dark energy must still be labelled as hypothesis, at least, at this point in 

time. However, within the assumed energy-density model, it can be shown that dark energy does not have a sufficient presence 

in the universe, until about +7 billion years, when its density rises to a sufficient proportion to be a ‘possible’ explanation to the 

‘apparent’ observation of the accelerated expansion of the universe. However, it is unclear how dark energy maintains a 

constant energy density under expansion, as this would ‘seem’ to contradict the conservation of energy, at least, within 

an isolated thermodynamic system. Of course, ‘maybe’ the universe is not all there is, ‘maybe’ there is some form of quantum 

energy in the vacuum of space, as both may be valid speculations, but not ‘necessarily’ verified fact. However, dark energy does 

not ‘seem’ to explain how the universe initially expanded or why it kept expanding in the absence of any obvious energy-density 

http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html
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for the 1st 7 billion years. At this point, we might ‘speculate’ further regarding scalar fields of the inflationary model and on the 

'idea' of the momentum of expanding space. Of course, others may wish to alternatively ‘speculate’ that space is infinite and 

that the expansion of our local universe took place within existing space. In essence, all that is being highlighted in this 

commentary is that there is plenty of scope for speculation, such that we might wish to table a question at the start of this 

section of the discussion for further consideration: 

 

Can any of these ‘speculations’ be ruled out by the mathematics of GR or it is just as susceptible to the adage ‘garbage in, 

garbage out’ as any other branch of mechanised science? 

 

While those who already have an in-depth understanding of cosmology may possibly be able to debunk the following 

interpretation of the Friedmann equations, as either wrong or no longer relevant to modern cosmology, such arguments can 

only presented when found and understood. Unfortunately, many technical references either appear to avoid, trivialize or 

suggest that certain issues are so complex that they can only be explained based on a prerequisite and deep understanding of 

general relativity and its mathematics. If true, it might seem to suggest that any substantive understanding of cosmology may 

be beyond the educational reach of most people. 

 

Is this an acceptable position? 

 

While possibly it is not, what may have to be accepted is that it does actually represents the current situation, which then 

returns to  the issues as to whether the ‘accepted worldview’ is one of consensus of the majority or simply the imposition of a 

minority, albeit in this case, an educated scientifically-minded minority. However, at this point another adage is possibly apt: 

 

In the land of the blind, the one eyed man is king. 

 

Anyway, leaving these issues aside, we may wish to pursue the questioning of cosmology based on more widely understood 

principles of physics, even though they may only approximate the solutions within general relativity. As such, we shall continue 

the discussion of the Friedmann equations in order to try to determine where problems may appear to arise in terms of the 

classical approximations made so far, i.e. the conservation of energy, 1st law of thermodynamics, centres of gravity and inertia 

of expansion. As such, we need to return to the issue as to whether there is anything in the Friedman equations that actually 

explains why the universe is expanding, as the inference of Hubble’s law [H=v/d] is often directly interpreted in terms of an 

expansion velocity. The following equations in [1] below correspond to the previously derived Friedmann equation set, although 

the form of each has now been modified to show the component energy densities, which have been subsequently introduced 

as requirements of the current ΛCDM model. 

 

 matter energy density [ρM≈4%] 

 radiation energy density [ρR⇒0%] 

 dark matter energy density [ρD≈23%] 

 space curvature energy density [ρK=0%] 

 dark energy density [ρΛ≈73%] 

 

The values associated with the respective energy-densities above correspond to the present era, which will change as a 

function of time due to expansion - see Cosmic Calculator for details. The numeric weightings associated with each energy 

http://www.mysearch.org.uk/website1/html/5.Worldviews.html
http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/401.Calculator.html
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The Friedmann Equation 

When considered in terms of Newtonian 

physics, the Friedmann equation appears 

to be more reflective of either a free-fall 

velocity or an escape velocity from some 

centre of gravity associated with the 

collective mass [M]. However, what it does 

not seem to explain is why either of these 

interpretations aligns to the expansion of 

the physical universe. 

density in [1] below are determined by the ‘equation of state’ associated with each 'energy-density’. Both these issues will be 

explained in more detail, later within this section of the discussion. 

 

[1]       

 

The equations in [1] corresponds to the Friedmann, Fluid and Acceleration equations, where pressure [P] has been normalised 

to just energy-density using the associated equation of state. They effectively represent the rate of change of the scale-factor 

[a], i.e. the normalised radius [r] of the universe, and the rate of change of the energy-density [ρ]. 

 

1.3.2.1 Friedmann Equation: 
 

With reference to the first equation in [1], the effect of each energy-density 

might be said to be unambiguous, at least, in the sense that the sign of each 

quantity is assumed to be positive. As such, we may combine the component 

densities back into a summed total [ρT] and revert [da/dt] back to the velocity 

[v]. It might also be useful to remind ourselves of the conservation of energy 

that underpinned the classical derivation of the Friedmann equation: 

 

[2]       

 

In terms of Newtonian physics, what [2] appears to be telling us is that the velocity [v] would normally be interpreted as the a 

free-fall velocity towards the centre of gravity associated with [M]. Of course, what this interpretation would clearly fail to 

explain is how the velocity in [2] is then interpreted as the expansion velocity of the physical universe. However, the scope of 

this issue is picked up in the discussion of Energy Density, while the assumption concerning zero energy will be further 

questioned in the discussion  entitled 'Model Assumptions'. Of course, if pressure [P] can be converted to an equivalent energy-

density, as in the following discussions of the Fluid and Acceleration equation, might we reverse the process for the Friedmann 

equation, which normally makes no reference to pressure? 

http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/389.Energy.html
http://www.mysearch.org.uk/website1/html/390.Pressure.html#First,_let_us_again_identify_the_primary_energy-densities_defined_within_the_ΛCDM_model
http://www.mysearch.org.uk/website1/html/389.Energy.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html
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The Fluid Equation 

At one level, the fluid equation only appears 

to reflect the relationship between velocity 

and the rate of change density, not its 

explicit direction. 

[3]     

 

So, based on the same arguments associated with the equation of state for each component energy-density, baryon and cold 

dark matter would exert no pressure. Radiation pressure would appear to be expansive, which seems to contradict the 

implications of its energy-density, but either way, would have only been effective in the very early universe. The curvature 

pressure would oppose the radiation pressure, irrespective of the direction of the radiation pressure when finally resolved, 

although generally this component is ignored in a spatially flat universe, i.e. when [k=0]. This leaves dark energy, which also 

opposes radiation, but its energy-density only becomes effective after about 

7 billion years along the timeline of expansion, as predicted by the 

acceleration equation. 

 

1.3.2.2 Fluid Equation: 
 

The second equation in [1] corresponds to the Fluid equation and reflects 

the rate of change of the energy density components with time. At this point, the key interpretation to highlight is the zero 

numeric weighting for dark energy, which implies that this energy-density does not change with expansion.  As such, dark 

energy must become an increasing dominant factor as the universe expands, although we might need to again question what 

this means to any assumptions relating to the conservation of energy, which underpins the classical derivation of both the 

Friedmann and Fluid equations. However, it might also be suggested that the Fluid equation, in isolation, does not explain the 

cause of expansion or contraction, only that should either occur, then there is a defined relationship between the rate of 

change of density [dρ/dt] and velocity [v] of expansion or contraction. 

 

1.3.2.3 Acceleration Equation: 
 

First, it might be worth highlighting that the negative sign in the acceleration equation is a direct result of the substitution of 

the Fluid equation in its derivation. However, it might be useful to simplify the form of the acceleration equation, as shown in 

[1], by setting all constants to unity and substituting in the relative energy-density of each component in the present era, where 

[a=1]: 

[4]       
 

http://www.mysearch.org.uk/website1/html/515.Assumptions.html
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The Acceleration Equation 

If we interpret the acceleration equation in 

terms of Newton’s 2nd Law, i.e. F=ma, it 

might be suggested that, prior to +7 billion 

years, the default negative acceleration would 

result in an ‘inwards’ force, attributable to 

gravitation, and only after this point would 

the positive acceleration suggest an ‘outward’ 

force of expansion. However, this description 

is problematic on a number of levels. 

What we can now see more clearly is that the acceleration equation 

carries a negative sign, by default, which would appear to reflect 

gravitational collapse, not expansion. However, the collective value of 

each component density, in the present era, now seems to suggest a 

positive accelerating expansion, which is solely based on the negative 

pressure of dark energy. At this point, we might initially try to interpret the 

implication of this acceleration in terms of Newton’s 2
nd

 Law, i.e. F=ma. At 

face value, [4] would then suggest that prior to +7 billion years, the default 

negative acceleration would result in an ‘inwards’ force, i.e. gravitational 

slow-down, and only after this point would the positive acceleration 

suggest an ‘outward’ force of accelerated expansion. Of course, this 

description is problematic on a number of levels: 

 

 Irrespective of the direction of the force implied by the acceleration, it is assumed that the universe has always been 

expanding in accordance to the usual interpretation of the Friedmann’s equation. However, in both cases, it is unclear 

what is thought to be driving the physical expansion, although it would appear that dark energy cannot account for 

this expansion.  

 

 Within the general concept of expanding space, any mass [m] considered to be stationary with respect to the CMB 

radiation would have no velocity or acceleration and therefore experience no obvious force. However, according to 

the acceleration equation, any two points in space must now be subject to accelerated expansion. 

 

 Again, we must list the problem of gravitational slow-down, which appears to operate without the acceptance of any 

obvious centre of gravity. 

 

As such, we either have to accept that the expansion of space continued based on some notion of inertial momentum or 

consider that some, as yet, undefined process continued to drive the expansion of space after the process of inflation 

completed. 

 

 

1.3.2.4 Pressure & Equations of State 
 

In the current context, the equation of state defines a 

relationship between pressure [P] and the energy density [ρ] of 

a given constituent of the cosmological model under 

discussion. In a wider context, an equation of state is a 

thermodynamic equation describing the state of matter, or 

equivalent energy density, under a given set of physical 

conditions, such as temperature, pressure, volume or internal 

energy. Equations of state are useful in describing the 

properties of fluids, mixtures of fluids, solids, and even the 

interior of stars. 
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Boyle's law  

This might be seen as one of the first definitions 

of an equation of state. In 1662,  Robert Boyle 

discovered that a volume of gas varied inversely 

with the pressure, i.e. PV=constant 

Gay-Lussac Law 

In 1802, Joseph Louis Gay-Lussac published 

the results of an experiment that indicated a 

linear relationship between volume and 

temperature, i.e. V1/T1=V2/T2. 

Ideal Gas Law 

This law is the equation of state of a conceptual ideal gas. However, it is a good approximation of the behaviour of many 

gases, although it has known limitations. It was first stated by Émile Clapeyron, in 1834, as a combination of Boyle's Law 

and Gay-Lussac Law and reflects the state of a gas is determined by its pressure, volume, and temperature. The modern 

form of the equation is PV=nkT. Where [P] is the absolute pressure of the gas; [V] is the volume; [n] is the number of 

particles in the gas; [k] is Boltzmann's constant relating temperature and energy; and [T] is the absolute temperature. 

 

In this discussion, the goal is to build on the earlier introduction of some basic concepts about 'energy [E]', 'energy-density [ρ]' 

and 'pressure [P]'. However, as already outlined, it is the relationship between pressure and energy-density that is the key 

factor in how many of the cosmological models change as a function of time: 

 

[1]       

 

Here the symbol [ω] is sometimes referred to as the ‘equation of state’ that differs for each component density under 

consideration. However, we shall start by highlighting the similarity between the units associated with pressure and energy 

density: 

 

[2]        

 

From [2] we might notice that the units of pressure [P] and energy-density [ρ] are essentially equivalent. However, when 

expressing density in terms of mass, not energy, the mass-energy [c
2
] conversion factor is required: 

 

[3]       

 

But what is the inference of the weighting factor [ω]? 

 

If we reference back to an earlier discussion entitled ‘Energy, Density & Pressure’ it was shown that the presence of an energy-

density did not automatically infer a pressure. So while pressure [P] is always proportional to the energy-density, the actual 

pressure depends on the nature of the energy-density, which is why [ω] is referred to as an ‘equation of state’. In this context, 

the equation of state will be described as the relationship, which reflects the sensitivity of pressure [P] to the energy density 

under expansion, as defined by its co-moving radius [a]. This relationship can therefore be expressed in the form: 

 

[4]       

 

http://www.mysearch.org.uk/website1/html/378.Energy.html
http://www.mysearch.org.uk/website1/html/379.Density.html
http://www.mysearch.org.uk/website1/html/380.Pressure.html
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First, let us again identify the primary energy-densities defined within the ΛCDM model: 

 

 matter energy density [ρM] 

 dark matter energy density [ρD] 

 radiation energy density [ρR] 

 space curvature energy density [ρK] 

 dark energy density [ρΛ] 

 

Based on the equations in [4], which were previously explained in another discussion, we can infer the value of [n] associated 

with each component of density above by considering its sensitivity to radial expansion [a] and establishing the equation of 

state [ω] for each component: 

 

[5]       

 

So based on the present discussion, we can now update the Fluid equation by substituting for pressure [P=ωρc
2
] based on the 

equation of state determined in [5], which like the Friedmann equation considers the density in mass units of [kg/m
3
] 

 

[6]       

 

By the same arguments we can also update the Acceleration equation by substituting for pressure [P=ωpc
2
] based on [5]. Again, 

just for clarity, the acceleration equation also considers density [ρ] in terms of [kg/m
3
] 

 

http://www.mysearch.org.uk/website1/html/494.Age.html#useful_references_in_later_discussions
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[7]       

 

As such, we have justified the rationalisation of the Friedmann equation, as presented at the outset of this section, in terms of 

the energy-density [ρ] only. Of course, the effects of pressure [P] and the corresponding equations of state [ω] are still present, 

but now integrated into the numeric weighting accompanying each density component. Therefore, we appear to have the 

possible starting point for a density model, although we still need to determine how this model will change as a function of 

time [t] and consider some of the implication of the various energy-densities being introduced by the ΛCDM model. 

 

1.3.2.5 Energy Density 
 

Following on from the previous discussion of pressure [P], 

which relates to the energy density [ρ] via an equation of 

state [P=ωρ], we shall now try to consider the implication of 

the role of the various energy-densities in the expansion of 

the universe, as defined by the ΛCDM model. Clearly, it is a 

goal of any cosmological model to be able to describe how 

the universe expanded as a function of time. Therefore, in 

this context, we are seeking to understand how the 

attributes of any given energy-density might explain how the 

very fabric of space expanded. As such, this discussion is 

attempting to highlight some of the potential issues 

surrounding the energy-density [ρ] and pressure [P] 

components, as used in the Friedmann equation, to describe an expanding universe. Therefore, we shall start this discussion by 

asking what appears to be a fundamental question of any expanding cosmological model: 

 

How does space expand? 

 

To be honest, given that this question is of such central importance to any model, a surprising degree of ambiguity appears to 

surround the actual mechanism of expansion. For example, here are a series of edited descriptions offered up by Wikipedia: 

 

The metric expansion of space is the increase of distance between distant objects in the universe with time. It is an 

intrinsic expansion, i.e. it is defined by the relative separation of parts of the universe and not by motion ‘outwards’ into 

pre-existing space, i.e. the universe is not expanding ‘into’ anything outside of itself. 

 

http://www.mysearch.org.uk/website1/html/391.Model.html
http://www.mysearch.org.uk/website1/html/391.Model.html
http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
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Definition of Energy 

Energy is often defined in terms of its capacity to do 

work. While energy might be perceived to exist in 

many  forms,  primary forms are most easily described 

in terms of rest mass, kinetic and potential energy. 

OK, this would appear to be a reasonably clear statement that ‘something’ is expanding, which does not cause any physical 

motion through space, but rather by the physical expansion of space. However, the statement as to whether the ‘universe’ is 

expanding into anything might be considered speculative, at this stage, and subject to the scope of the model being described. 

So what about the next statement? 

 

The expansion is due partly to inertia, i.e. the matter in the universe is separating because it was separating in the past, 

and partly to a repulsive force of unknown nature. Inertia dominated the expansion in the early universe, and according 

to the ΛCDM model, dark energy will dominate in the future. 

 

This might be offered up as a good example where speculation 

appears to be presented as a statement of fact. So, if we combine 

the 1
st

 and 2
nd

 statement, it appears that the expansion of space 

is attributed to some form of inertial momentum. In this context, 

it appears that once space started to expand, presumably due to 

inflation, its ‘inertia’ simply kept it expanding. Finally, by affirming 

that it is space expanding, the issue of superluminal velocity through space appears to be avoided: 

 

While special relativity constrains objects in the universe from moving faster than the speed of light with respect to each 

other, there is no such theoretical constraint when space itself is expanding. 

 

However, while this series of statements has clarified the terms of its own description, they do not necessarily addressed what 

many might consider to be the more fundamental issue: 

 

What known physics is actually describing the expansion of space? 

 

At this point, we might forward the idea that quantum physics suggests that as many as 7 additional internal spatial dimensions 

might exist, at the Planck scale, which may have an ability to expand 3-dimensional space, when perceived on the macroscopic 

scale. Of course, this might be even more speculative than the idea that space continues to expand due to its inertia, which is 

presumably based on the idea that space has momentum due to the equivalence of energy and mass. Given that the current 

discussion is not in a position to really address the scope of this issue, let us table another question: 

 

Once in motion, why did the expansion of space slow-down? 

 

Normally, this question is addressed in terms of some sort of gravitational slow down, although the actual details as to how 

gravity would act on expanding homogeneous space can also lead to what can appear to be fairly vague speculation. Here is an 

example taken from a Scientific American article: 

 

In Einstein’s theory, the notion of gravity as an attractive force still holds for all known forms of matter and energy, even 

on the cosmic scale. Therefore, general relativity predicts that the expansion of the universe should slow down at a rate 

determined by the density of matter and energy within it 
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Conservation of Energy 

According to the law of conservation of energy, the 

total energy of a system remains constant. So while 

energy may transform from one 'form' to another, it is 

never lost. 

Units of Energy 

The SI unit of energy is the joule (J) or newton-meter 

(Nm). The joule is also the SI unit of work. 

While general relativity may indeed account for the predicted rate of deceleration, it is unclear how this theory accounts for the 

spatial curvature required on the ‘cosmic scale’, while the ΛCDM model assumes spatial curvature [k=0] to be flat for virtually 

the entire timeline of expansion. There would also appear to be an issue of gravitational mass being pull through space with an 

effective velocity in opposition to the expansion of space, while in another context it might be described as maintaining a zero 

peculiar velocity with respect to the CMB radiation. Finally, in Newtonian terms, gravity working on the cosmic scale would 

appear to require a cosmic centre of gravity – see ‘Implications of Newton’s Shells’. 

So how does the ΛCDM model quantify the rate of expansion? 

 

Well, as has been outlined, the derivation of the Friedmann equation was based on classical assumptions related to the 

conservation of energy, but still appears to arrive at the same form as general relativity: 

 

[1]       

 

While the velocity [v] in this derivation is clearly based on the idea of a free-fall velocity under gravitational collapse, in the 

context of the Friedmann equation, it is also assumed to be the recessional velocity of expanding space. Of course, irrespective 

of the derivation, there now appears to be overwhelming observational evidence in support of the Hubble parameter [H=v/r]. 

 

So how and why might the velocity, in [1], be shown to reflect expansion? 

 

Before attempting to answer the question above, we might note that the solution in [1] is predicated on not only the 

conservation of energy, but requires the total energy to be zero, such that the kinetic energy can be directly equated to the 

potential energy of gravitation. However, in view of some of the unique attributes of dark energy and the possibility that the 

observable universe is only part of a much larger system; it may become necessary to revise some of the original assumptions. 

However, the assumption that spatial curvature is zero, i.e. k=0, leads to the conclusion that the total energy-density [ρT] in [1] 

aligns to the definition of the critical density [ρC]: 

 

[2]       

 

However, based on the ΛCDM model, the critical density [ρC] is sub-divided into 5 key energy-density [ρX] components, which 

each having a specific equation of state [ωX] that defines its associated pressure [P=ωρ] 

 

 matter energy density [ρM], [ωM=0] 

 dark matter energy density [ρD], [ωD=0] 

 radiation energy density [ρR], [ωR=+1/3] 

http://www.mysearch.org.uk/website1/html/348.Implications.html
http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html
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 space curvature energy density [ρK], [ωK=-1/3] 

 dark energy density [ρΛ], [ωΛ=-1] 

 

As such, we might redefine total energy-density in [1] in terms of the component energy-densities of the ΛCDM model. 

 

[3]       

 

As indicated, the problem perceived with [3] is that when expressed 

in terms of just energy-density, the more natural interpretation is 

that the velocity [v], implicitly associated with the Hubble parameter 

[H], and has to be negative in the sense that it is more reflective of 

gravitational collapse. However, it is not clear how gravitational 

deceleration can be quantified without some centre of gravity being 

defined, which is dependent on the assumptions of the cosmological 

model applied. For example, in the previous introduction of the 

’quantum inflation’ a speculative model was outlined, simply by way 

of considering what alternatives might be possible. Based on the diagram above, our visible universe is the small red dot, the 

size of which we might define by the Hubble radius [c/H]. As such, our observable universe exists within a much larger ‘bubble 

universe’ that we might simply assume also has a critical energy density as defined by [2], but which in-turn exists in a 

conceptually infinite quantum universe. In the context of this model, our observable universe would not have its own centre of 

gravity, although it would have a centre of gravity defined by the density-volume [ρV] of the yellow section. However, based on 

the ‘Implications of Newton’s Shells’, the acceleration [g] acting on the observed universe would depend on its radial position 

within the bubble universe. For example, if the observed universe were at the very centre of this bubble universe, then [g] 

would effectively be zero. Of course, within this model, it would appear that the overall expansion of the bubble universe would 

be affected by gravitation, which in-turn would be reflected in the expansion of the observed universe irrespective of its 

position. However, the purpose of this model is not to discuss its details, but to simply highlight that the effects of gravity may 

depend on the nature of the model assumed. 

 

So how might [3] define the observed expansion? 

 

From one perspective, Friedmann’s equation is simply stating that the expansion velocity is proportional to the energy-density, 

but does not necessarily explain why this is so. Subsequent observations then suggested that the energy-density of the universe 

appears to align to the critical density, as defined in [2], such that the universe would also be spatially flat, i.e. k=0. The ΛCDM 

model then assumes the breakdown of the critical density, as per the list above, such that the universe in the present era 

basically comprises 4% matter, 23% dark matter and 73% dark energy. Collectively, these assumptions in combination with the 

Fluid and Acceleration equations then determine the results of the ΛCDM model - see ‘Model Results’. 

 

http://www.mysearch.org.uk/website1/html/514.Cause.html#What_caused_the_physical_expansion_of_space
http://www.mysearch.org.uk/website1/html/348.Implications.html
http://www.mysearch.org.uk/website1/html/510.Results.html
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[4]       

 

When the acceleration equation is applied to the assumptions of the ΛCDM model it predicts deceleration of expansion for the 

1
st

 7 billion years, followed by increasing accelerating expansion essentially due to the equation of state assigned to dark 

energy. However, this acceleration is only relative to the expansion velocity defined, but not explained by the Friedmann 

equation. As such, we might repeat the Wikipedia quote regarding inertia: 

 

The expansion is due partly to inertia, i.e. the matter in the universe is separating because it was separating in the past, 

and partly to a repulsive force of unknown nature. Inertia dominated the expansion in the early universe, and according 

to the ΛCDM model, dark energy will dominate in the future. 

 

However, while this explanation might be proved correct, there is a nagging-doubt that this is little more than a rationalisation 

of the effect rather than an explanation of the cause. As such, we may have to wait on further developments in quantum 

theory, or string theory, before the true nature of the vacuum of space is discovered, which might then help better describe the 

actual mechanism of expansion. 

 

 

1.3.2.6 Energy & Pressure Model? 
 

In the context of the present series of discussions, we have been attempting to add 

some level of additional interpretation to the Friedmann equations in terms of the  

energy-density [ρ]  and  pressure [P]. However, in order to reconcile the Friedmann 

equations to the ΛCDM model, we may need to reconsider some of the initial 

assumptions made in respect to the classical idea of the conservation of energy, as 

tied to the 1
st

 law of thermodynamics. Possibly, the biggest and most far reaching 

assumption being that the universe is a closed adiabatic system, which may now 

appear difficult to reconcile with the idea of dark energy, which is described as 

maintaining a constant energy-density [ρ] under expansion and having an effective 

negative pressure [P=-ρ]. Equally, the Big Bang model appears to describe a system 

in which entropy is always increasing, such that the possibility of adiabatic reversal 

of entropy might be questioned. So let us start by restating the 1
st

 law of 

thermodynamics, which might be assumed for a classical system: 

 

[1]       

 

http://www.mysearch.org.uk/website1/html/389.Energy.html
http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
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Thermodynamics 

C.P. Snow produced a succinct definition of the 3 laws: 

1) You cannot win: because you cannot get something 

for nothing as energy is conserved 

2) You cannot breakeven: because you cannot return 

to the same energy state as entropy always increases. 

3) You cannot stop playing: because absolute zero is 

unattainable. 

In the present context, [1] is implicitly describing a positive amount of energy being input into the system, i.e. +(dQ), some of 

which is converted into the work done by the system, i.e. -(dW), which we might assume is related to expansion and therefore 

'lost' in terms of the net increase in the internal energy (dU).  Note, a certain amount of ambiguity can arise regarding the 

'polarity' assigned to the work done (W) based on the sign inside the brackets (±W) and the sign convention used in [1] outside 

the bracket. This point will be expanded below, when work done [W] is defined in terms of pressure [P] and a change in volume 

[dV]. Of course, it was originally assumed that the universe, as a system, had no external surroundings and therefore it might be 

useful to outline the scope of a more speculative cosmological model to which we are now attempting to apply the 1
st

 law of 

thermodynamics, as reflected in [1]. The main change to the initial 

assumptions underpinning the derivation of the Friedmann 

equation is that the internal energy [U] of the observable universe 

may be increasing, in terms of its comoving volume [ρV], and that 

the universe may not be a closed system: 

 

The change to the energy per unit volume of comoving 

space [U=ρV] is a result of an input of energy (dQ) flowing 

into the system, i.e. the bubble universe, from the 

‘surrounding‘ environment, i.e. the quantum universe. However, the expansion (dV) of the system, i.e. bubble universe, 

might also be consider in terms of a pressure (P) on the external environment, i.e. the quantum universe, which 

translates to the work done −(+W=P.dV) or the energy expended in expansion, which then effectively reduces the net 

increase in the internal energy in a comoving volume, i.e. U=Q-W. 

 

In the description above, we are assuming that the change in internal energy [dU] will be reflected in a change in the energy 

[ρV] in a comoving volume of space. While we have introduced the concept of ‘Energy Density’ , how the energy-density 

changes as a function of time will be outlined in a following discussion entitled ‘Modelling Friedmann’. We have also now 

outlined the relationship between energy-density and pressure via the previous discussion of the ‘equations of state’ associated 

with each density component. 

 

Components Decoupling    Now       ω 

Radiation 25% ~0% +1/3 

Baryonic Matter 11% 4% 0 

Cold Dark Matter 64% 23% 0 

Spatial Curvature ~0% ~0% -1/3 

Dark Energy ~0% 73% -1 

 

The two sets of percentage figures in the table above relate to the energy-density [ρ] in the radiation era defined by 

the decoupling event and the present day, i.e. now. The source of these figures are derived by the 'Cosmic Calculator'. The 

equation of state [ω] associated with each component defines the pressure [P] via the relationship [P=ωρ]. However, what we 

might realise from the table is that, in terms of pressure, only radiation and dark energy will have played any significant role in 

this model in either era under consideration. 

http://www.mysearch.org.uk/website1/html/514.Cause.html
http://www.mysearch.org.uk/website1/html/389.Energy.html
http://www.mysearch.org.uk/website1/html/391.Model.html
http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:
http://www.mysearch.org.uk/website1/html/401.Calculator.html
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The first graph plots both the total energy-density [ρ] and 

pressure [P] as a function of time. As we might expect, the 

energy-density falls with expansion, but remains a positive 

value at all times, which the cosmological model appears to 

cite as the cause of the gravitational slow-down in expansion. 

However, the pressure [P] calculated from [P=ωρ] suggests 

that radiation in the very early universe, which has an 

equation of state [ω=+1/3], would have been the dominant 

factor resulting in a positive value in pressure [P]. In contrast, 

the growing dominance of dark energy, which has an 

equation of state [ω=-1], leads to a net negative pressure 

after ~383 million years into the 13.7 billion years timeline. 

We might therefore compare this crossover point, with the 

expansion, as viewed from the perspective of acceleration, 

which occurs after 7 billion years. In the next graph, the blue 

curve denotes the acceleration of expansion, which will be 

discussed in more detail under the heading ‘Graphic 

Interpretation’ . However, prior to +7 billion years, the 

standard ΛCDM model predicts that the rate of expansion 

has a negative value, i.e. expansion is decelerating, while 

after +7 billion years, the model predicts an accelerated 

expansion due to dark energy. Based on the basic definition 

of the 1
st

 law of thermodynamics, in [1], the graph above also 

shows the product [P.dV] based on the change in the 

comoving volume due to expansion, as defined by the scale 

factor [a]. In this context, [P.dV] is considered to reflect the 

work done [W], which we might assume is the energy 

expended in expansion. 

 

But how is the sign of [P] and [dV] determined? 

 

To be honest, the actual answer to this question is unclear 

and requires a better understanding of the laws of 

thermodynamics and some further discussion of how these 

laws were applied in the derivation of the Fluid equation. 

However, some aspects of this question are considered in 

more detail under the heading 'The Implications of 

Thermodynamics'. The final graph right shows a plot of the 

'total' energy within the observable universe, where the 

comoving volume, as a function of time, is calculated on the 

basis of the Hubble radius [c/H]. As such, it is recognised that 

this radius is much smaller than the radius of the particle 

http://www.mysearch.org.uk/website1/html/511.Interpretation.html
http://www.mysearch.org.uk/website1/html/511.Interpretation.html
http://www.mysearch.org.uk/website1/html/343.Fluid.html
http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html
http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html
http://www.mysearch.org.uk/website1/html/512.Horizons.html
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horizon and, in all probability, much, much smaller than the radius of the speculative bubble universe being described. Based on 

an approximation, it would appear that the total work done [W], over the same period, linked to pressure [P] and the change in 

volume [dV], would be orders of magnitude smaller than the total energy.  However, it is hoped that the graph may allow some 

visualisation of the perceived increase in energy, due to the constancy of the dark energy density under expansion. In the 

present era, the increase factor is ~2.3, while after some 24 billion years it will have risen to ~14. 

 

So where is this energy coming from? 

 

In essence, this is an open question, but one line of thought would be whether this model is accurately accounting for the 

change in potential energy. Of course, any mention of potential energy returns us back to the issue of a centre of gravity, but as 

a general principle, any increase in radius due to expansion would increase the potential energy available, which may then be 

offsetting the apparent increase in the total energy. However this is just a highly speculative model, which may be easily be 

refuted by mainstream cosmology, so let us stop to simply table another question associated with what appears to an implicit 

assumption of the descriptions above: 

 

Is our local universe part of a larger system? 

 

In some respects, the inflation model has already forwarded the idea that our local universe might only be some fraction of a 

quantum ‘bubble’ that expanded within a conceptually infinite quantum universe. If so, it is possible that both the conservation 

of energy, and the requirements of the 1
st

 law of thermodynamics, can only be resolved within this larger, albeit speculative, 

frame of reference. However, it is a model that might also 

challenge the initial assumption that the net change in 

internal energy [dU] has to be zero, which would then allow 

the net energy per unit volume to increase due to the 

constancy of the dark energy density under expansion. 

 

But what is driving expansion? 

 

We still need to consider the implications of pressure on the 

implied expansion of the universe. In a previous chart, the 

initial positive pressure of  radiation is overwhelmed by the 

increasing negative pressure of dark energy at +383,000 

years, i.e. which appears to coincide to the time of 

decoupling. However, the positive pressure of radiation is 

not described as a cause of expansion, in fact, its energy 

density appear to be linked to the gravitational slowdown of expansion that continues until +7 billion years, when a previous 

chart shows the acceleration of expansion becomes positive. Of course, we might, again, question how gravitational slowdown 

is explained without some form of  centre of gravity within the accepted cosmological model. However, by the same token, 

there appears to be no obvious cause of expansion within the concordance model, other than the initial inflationary phase that 

is said to be driven by some form of scalar energy, which disappears within a microscopic fraction of the first second of 

inflationary expansion. If so, we are only  left with a somewhat ambiguous description of the fabric of space presumably 

continuing to expand by virtue of its own inertial momentum for the first 7 billion years.  However, if we examine the relative 

http://www.mysearch.org.uk/website1/html/389.Energy.html#model
http://www.mysearch.org.uk/website1/html/499.Inflation.html
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Entropy [S]: 

Initially, entropy might be defined in terms of 

a measure of the disorder of a system. If we 

expand the detail, it might be described in 

terms of a measure of the amount of internal 

energy [dU], which is unavailable to do work 

[W]. Finally, it might be described as a system 

variable [S] defined by the heat [dQ] 

absorbed at a given temperature [T]. 

energy chart above, we see that CDM and radiation dominated the early universe, but due to the unusual equation of state 

attributed to dark energy, its negative pressure comes to dominate the later universe. The effects of dark energy  are often 

described in terms  of a form of negative gravity, although such a description might suggest that dark energy  would tend to 

push apart any ‘normal’ energy-density, e.g. matter particles, through space rather than actually expanding the fabric of space.  

In this context, we might also assume that atomic nuclei retain their spatial dimension by virtue of the strong nuclear force and 

atoms remained bound together by the electromagnetic force. Equally, the gravitational force within a solar system and a 

galaxy may also be strong enough to overwhelm the relatively weak affects of dark energy expansion, which is only observed in 

the interstellar distances separating galaxies.  

 

So is the fabric of space really expanding? 

 

It is highlighted that the speculation above is not supported by the standard concordance model, which seems to require the 

very fabric of space to expand in order circumvent the violation of special relativity due to the apparent superluminal recession 

velocities of distant galaxies.   

 

1.3.2.7 Entropy and Thermodynamics 
 

 In order to get a better perspective of some of the issues being 

discussed, it might be useful to expand the definition of both the work 

done [W] and the input energy [Q], as defined by the 1
st

 law, to include 

the idea of entropy, as defined by the 2
nd

 law of thermodynamics. 

 

[3]       

 

In the last equation in [3], we now see the potential relationship between 

the change in entropy [S] against the change in the ratio of the net energy 

[E] and temperature [T] of a given system, e.g. the universe. If we are to 

pursue the assumption of the Big Bang model that leads to the ‘heat 

death’ of the universe due to increasing entropy, albeit over trillions of 

years, there would have to be a non-linear increase in energy [E] with 

respect to temperature [T]. However, as an initial assumption, we might 

consider the suggestion that energy associated with high temperatures has 

lower entropy simply because it tends to be more ‘useful’ than the same 

amount of energy at lower temperatures.  

 

http://www.mysearch.org.uk/website1/html/360.Future.html
http://www.mysearch.org.uk/website1/html/360.Future.html
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The Arrow of Time 

However, the possibly more important 

implication of entropy is that it suggests 

that the changes in an isolated system 

have to follow the 'arrow of time'. 

Therefore, if a snapshot of a system is 

taken at two different times, the 

snapshot showing more disorder, i.e. 

higher entropy, would correspond to the 

later time. 

In practise, the relative changes to the parameters in [3] are too speculative to 

pursue in terms of the actual universe, therefore the initial discussion of 

entropy will continue more by way of an analogy to a much simpler example. 

As such, we will try to substantiate some of the ideas by considering an 

example in which entropy increases in a ‘system’ defined by a glass of ice cold 

water (0°C) and its ‘surroundings’ defined by a large room (25°C). Due to the 

implied temperature gradient, some thermal energy [dQ] will flow from the 

surrounding room into the glass of ice-water. As a result, the entropy of the 

system, i.e. the ice-water, will change by the amount [dS=dQ/T=dQ/273K] and, 

in so doing, the water in the glass will change from a solid to a liquid state. By 

the same token, the entropy of the surroundings, i.e. the room, will change by 

an amount [dS=-dQ/298K], such that the entropy of the ‘system’ increases, whereas the entropy of the ‘surroundings’ 

decreases. However, it might be realised from the previous ratios that the decrease in the entropy of the ‘surroundings’ is less 

than the increase in the entropy of the ‘system’. To find the total entropy change of this 'micro-universe’ comprising of the 

‘glass’ and ‘room’ we have to add the two entropy changes, i.e. system + surroundings, which then appears to suggest that 

there would be a net increase in entropy. If we pursue this example to its logical conclusion, the surroundings in the form of the 

room and the system, consisting of the glass and its contents, will reach a point of thermal equilibrium, i.e. equal temperature.  

At this point, nothing else can happen, even though thermal energy would still exist in the room and, in fact, the amount of 

thermal energy is actually unchanged in this example, because we are conceptually describing a closed system. As such, we 

might describe this system as unable to do ‘useful’ work and it would therefore remain in this state for all eternity or until 

somebody opens a door to a larger universe! So while we might want to initially model the real universe as a closed system, 

without any external surroundings with which to transfer energy, it is an assumption that may require further scrutiny as the 

underlying energy processes of the universe, as a whole, are only poorly understood at this time. 

 

1.3.2.7.1 The Implications of Thermodynamics? 
 

In many ways, the study of thermodynamics is the application of statistics within 

classical physics. In classical physics, we might start by attempting to describe the 

motion of individual objects in terms of kinetic and potential energy, putting aside 

rest mass energy for the moment. However, applying this approach to a volume of 

gas containing billions of ‘particles’ is not practical and, to some extent, not the 

object of the exercise, when considering the overall characteristic of the gas as a 

system. In this respect we are considering a transition of scale in which the 

terminology of kinetic and potential energy normally gets replaced by the ideas of 

internal energy and work-done supplemented by the concepts of density, pressure 

and temperature.  However, this appears to be a practical limitation of the 

mathematical modelling and not necessarily a description of the fundamental 

physics. Therefore, the purpose of this discussion is to try to anchor some of the 

concepts of thermodynamics, which underpin the Friedmann equations, to the 

conservation of energy as defined by classical physics. We might start by defining 

the simplest of systems comprising of just 2 masses [m1] and [m2] and describing the status of this system in the following 

terms: 
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Laws of Physics 

The thermodynamic laws are not an 

independent set of physical laws, but 

rather the aggregation of more 

classical ideas related to kinetic and 

potential energy, normally applied to 

individual particles, but now scaled to 

large numbers. As such, 

thermodynamics can be described as 

the application of statistical 

mechanics to classical mechanics. 

The change in the kinetic energy of this system is equal to the work done on the system by the external and internal 

forces. 

 

Of course, even in isolation, these 2 masses would have some dynamic centre of 

mass against which the potential energy was changing, although this energy might 

implicitly be considered as internal to the system. However, it would appear that 

the statement above is confined to just kinetic energy and would not therefore be 

a full description, if potential energy has to be taken into account. At this point, we 

might try to consolidate both these positions as follows: 

 

[1]       

 

As such, we might formulate an overall expression of the internal energy [U] of this 

system in terms of the kinetic [EK] and potential [EP] energy, but noting that the latter is quantified in terms of a negative 

energy: 

 

[2]       

 

It is also worth noting that while individual particles can have kinetic energy, the definition of potential energy always requires a 

minimum of two particles. However, at this point, we might want to introduce, and consider, the implications of the 

conservation of energy in terms of an isolated system: 

 

The internal energy [U] of an isolated system remains constant. 

 

As such, there can be no external work done on this system and any change in the kinetic energy of [m1] and [m2] must be 

balanced by a change in the potential energy, internal to the system. Of course, should the internal energy change, the 

implication that follows from this fact can be summed up in the next statement: 

 

Any change to the internal energy [U] of a system is equal to the work done [W] on the system by external ‘forces’. 

 

While the above definition of [1] and [2] was far from rigorous, the main purpose of this introduction was simply to highlight 

that the description of a ‘system’ in terms its internal energy and work done can still be anchored in kinetic and potential 

energy. However, the behaviour of the ‘system’ also depends on the scope of its definition as either an open or closed system. 

For example, should an isolated system actually  turn out to exist within some larger system, the internal gravitational potential 

energy implied by [1] and [2] would change and be defined by the ‘centre of mass’ of the extended system. 

 

So how might this description change when applied to a larger system? 
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 As indicated, the mathematical technique for 

dealing with larger systems is described in terms 

of ‘statistical mechanics’. Within this process, the 

behaviour of the system is defined by its internal 

energy [U] and work done [W] on, or by, the 

system. In this context, the kinetic energy is now 

represented by the temperature [T] of the system 

and the ‘flow’ of energy between the internal and 

external systems now described in terms of heat 

energy [Q] and work done [W]. At this point, we 

might scale the description of the 1
st

 law of 

thermodynamics to an example of the gas in a 

cylinder, although the applicability of this example 

might be later questioned. In the diagram above, 

we might describe the ‘internal system’ as the gas 

trapped in the cylinder by the piston and initially assume that this system is in equilibrium with its environment, i.e. the 

‘external system’. Of course, another way of defining the equilibrium of this collective system is to say that the pressure in the 

cylinder, which creates the force on the piston, is equal to some pressure-force on the other side of the piston. 

 

How might we quantify the macroscopic nature of a gas? 

 

The ideal gas law is the equation of state of a hypothetical ideal gas and although it is a good approximation of the behaviour of 

many gases, it may have a number of limitations when applied to a cosmological model. 

 

[3]       

 

In the equation above, [P] is the pressure of the gas, [V] is the volume, [N] is the number of particles in the gas, and [k] is 

Boltzmann’s constant that relates temperature [T] to the kinetic energy of the particles moving in the gas. However, at this 

point, we are primarily interested in the general relationship between the product of pressure [P] and volume [V] with respect 

to temperature [T], as it affects the model in the diagram above. In this context, the injection of heat energy [Q] into the 

cylinder causes the temperature [T] of the gas to rise, which expands the volume [dV] of the gas, while maintaining constant 

pressure [P].  This behaviour is often integrated into the 1
st

 law of thermodynamics through the concept of heat [Q], which then 

changes the volume [dV]: 

 

[4]       

 

In [4], we see the relationship between the change in internal energy [dU] due to the sum of the change in the heat energy [dQ] 

and the work done [dW], but there is clearly some potential for confusion concerning the polarity of these quantities. 
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 Heat Energy [Q] 

o Heat is input into the system: +Q 

o Heat is output from the system: ─Q  

 Work Done [W] 

o Work done on the internal system: +W 

o Work done on the external system: ─W 

 

Again, with reference to the previous diagram, the implication of this model is that heat [+Q] is input into the internal system, 

which then increases the temperature [+T] of the gas, and based on the assumption of the ideal gas equation in [3], allows the 

gas to increase in volume [+dV], while maintaining a constant pressure [+P]. The result of this expansion defines the work done 

[W] on the external system, which appears to be inferred from the overall sign of [dW] in [4], not directly from the product of 

[P.dV]. 

As a slightly tangential line of thought, consider a 'system' of matter particles floating as dust with no discernible 

velocity with respect to the CMB radiation, but which are still drifting apart due to expansion. In terms of particle 

physics, the work done on these particle equals the distance moved times the force on the particles. So what kinetic force 

[F=ma] is acting on these particles? What is the full scope of the gravitational force [mgh] in this system of particles? Is 

the work done [W] energy 'lost' to expansion, as implied in [4], simply the energy gain in potential energy? 

 

Anyway, returning to the main thread, it would appear that we have a description and some justification of the 1
st

 law of 

thermodynamics, which we might ultimately trace back to the conservation of energy in terms of the kinetic energy of all the 

individual particles and potential energy between them. However, we might like to see whether our definition of the polarity of 

the various quantities remains consistent, if we reverse the heat flow in the example above. In this case, the heat flows out of 

the internal system, i.e. [-dQ], which causes the temperature [T] to fall. Again, based on the assumption in [3], we shall assume 

the pressure [+P] remains constant, while the change in volume [-dV] is falling. So interpreting [4] for this case: 

 

[5]       

 

So, at face value, the interpretation appears to remain consistent with the negative value of [-dQ] signifying the flow of heat out 

of the internal system, while the negative rate of change of volume [-dV] would appear to lead to positive work done [+dW] on 

the internal system. 

 

However, it is not clear whether the direction of the work done [W], as described above, will remain consistency when 

the equations of state for radiation, i.e. [ω=+1/3], and dark energy, i.e. [ω=-1], are used to define the pressure [P] 

derived from the energy-density [ρ]. However, we shall defer this issue until a later point in this discussion, as for now, 

we are primarily trying to understand some of the basic principles assumed to underpin the Fluid equation. 

 

So, at this point, we have attempted to define some of the basic concepts linked to the ideal gas equation and the 1
st

 law of 

thermodynamics. However, we also need to address another key implication that relates to the definition of entropy, as linked 
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Adiabatic Process  

An adiabatic process is one in which no heat 

is gained or lost by the system. As such, the 

1st law of thermodynamics, with [Q=0], 

requires the change in the internal energy 

[U] to be in the form of work done [W]. 

Consequence & Implications 

If the universe cannot be described as 

a closed, adiabatic system, it may 

suggest that some modification to the 

ΛCDM model is required. As a 

consequence, any extended model 

might require the definition of an 

'internal' and 'external' system plus 

some further consideration of the 

implication of potential energy with 

respect to a centre of gravity. 

to the 2
nd

 law of thermodynamics, and the description of an adiabatic system. Let us start with a general definition of the 

2
nd

 law and 'the idea of entropy': 

Embedded in the 2
nd

 law of thermodynamics is the suggestion, that over time, differences in temperature and pressure, 

in a system, as a whole, must move towards thermodynamic equilibrium. As a consequence of this tendency towards 

equilibrium, it follows that the entropy of the system is always increasing and defines the irreversibility of the ‘arrow of 

time’. 

 

In this context, the description of an adiabatic system would appear to be 

restricted to a sub-system, which can reverse entropy, but only at the 

expense of increasing entropy in the system as a whole. Therefore, we may 

need to revisit some of the key step in the derivation of the Fluid 

equation starting with [6] below: 

 

[6]       

 

Based on [6], we can substitute for the values of [dU] and [dV] previously obtained in the derivation of the ‘Fluid equation’ : 

 

[7]       

 

Again, we can rationalise [7] by adopting the dot notation for the differential terms 

[dρ/dt] and [da/dt], while recognising that the latter is actually an expression of 

the expansion velocity [v]: 

 

[8]       

 

As previously indicated in the original derivation, the form of [8] can be described 

as a general solution of the Fluid equation, which is then further rationalised by 

the assumption that the system is to be described as adiabatic, i.e. reversible,  

which allows the 2
nd

 law of thermodynamics to be reduced to the form show in [9]: 

 

http://www.mysearch.org.uk/website1/html/515.Assumptions.html#The_Idea_of_Entropy
http://www.mysearch.org.uk/website1/html/343.Fluid.html
http://www.mysearch.org.uk/website1/html/343.Fluid.html
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[9]       

Of course, what [9] also underlines is that the universe, as described, is a closed system in which no energy [Q] flows in or out. 

Therefore, based on these assumptions, the Fluid equation in [8] can be reduced to its more common form shown in [10]: 

 

[10]             

 

So, in summary, the original derivation of the  fluid equation proceeded on the basis of the 1st law of thermodynamics, which 

in-turn was rooted in the principles of energy conservation. However, its final form appears to make the additional assumption 

that because the universe is a closed system, there can  be no net flow [Q] of heat into or out of the universe. So, if we were to 

compare this model with the initial analogy, we would presumably equate the closed universe to 'the room' and all the stars to 

the 'glass of water', which will ultimately obtain thermal equilibrium some 10
100

 years into the future. However, if we cannot 

model the universe as a closed, adiabatic system, the simplification of [8] via [9] to [10] cannot be justified and we are left with 

the problem of trying to quantify the input energy [dQ]. Of course, at this point, the most salient question would appear to be: 

 

Do the Friedmann equations really describe the totality of the universe? 

 

Clearly, any answer to this question will depend on the level of speculation you are prepared to accept regarding 

the ‘totality’ of the universe within your cosmological model. However, at face value, there would appear to be a number of 

question marks being raised against the universe, when described in terms of a closed, adiabatic system. Therefore, it is 

possibly not that unreasonable to indulge in a little speculation in the form of the following diagram. 

 

 
 

http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html#Era_
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The speculative model above was originally introduced in the discussion 'The Cause of Expansion' that was also considering 'The 

Need for Inflation'. Within this model, our observable universe is only a small part of a larger 'bubble universe', as represented 

by the yellow circle in the diagram above, which in-turn might only be part of a potentially infinite 'quantum universe'. In this 

context, the first assumption being made with respect to both models, as shown above, is that the observed universe  is not a 

closed system, but rather part of the internal system defined by the 'bubble universe'. In (a), work is done on the internal 

system such that the net internal energy [U] increases due to both the input energy [Q] and the work done [W] on the system. 

In (b), work is done by the internal system such that the net internal energy [U] is the sum of the input energy [Q] input and the 

work done [W] by the system. 

 

The assumption that energy [Q] is always being input into the system is made based on the fact that the total energy 

[ρV] defined in terms of the comoving volume of the universe appears to be increasing due to the introduction of dark 

energy – see Energy Graph. 

 

However, in order to make some cross-reference to potential energy, it is also being assumed that the internal system, as 

defined above, does have a centre of gravity, although this may be far from obvious to any observer, whose cosmological 

horizon is defined by the small yellow circle shown. It might also be worth highlighting that our observer has no real idea as to 

the actual size of the internal system, or the nature of the external system, but assumes the internal system to have 

homogeneous energy-density [ρ=8.52*10
-10

 joules/m
3
]. Equally, based on measurements, our observer believes that the 

internal system is expanding at a rate defined by [H], which is a function of time. So, our observer having assumed that he is 

located within an internal system, which is not closed, starts with 2 thermodynamic possibilities, as shown in the diagram, and 

represented by the following equations. 

 

[11]     

 

Ignoring the amount of energy [Q] flowing into the system, if work is done on the system, its internal energy would tend to 

increase and by the same token, if work is done by the system, its internal energy would tend to decrease. Again, we might like 

to simply cross reference this requirement of thermodynamics with the concept of potential energy. In expansion, the work 

done [W=F.dx] might be described as the energy 'lost' to potential gravitational energy, while in contraction, energy would be 

'gained' from gravitational potential. So, on the basis of the observed expansion, we might assume that [11b] is more applicable 

to the cosmological model under discussion: 

 

What implications might follow from this assumption? 

 

If we use [11b], then the work done [dW] by the internal system will cause a reduction in the internal energy of the system, 

although there might be some speculative implication that the work done energy is simply converted to potential energy with 

respect to some centre of gravity. However, if we still require a net increase in the internal energy [dU], the energy 'lost' to 

work done [dW] would have to be offset by the energy [dQ] input into the system. We might also have to consider the 

applicability of any assumptions linked to the ideal gas equation in [3], e.g. constant pressure [P] under expansion, as within the 

cosmological model pressure would appear to be linked to energy-density [ρ] via the equations of state [ω]. 

 

http://www.mysearch.org.uk/website1/html/514.Cause.html#What_caused_the_physical_expansion_of_space
http://www.mysearch.org.uk/website1/html/497.Inflation.html
http://www.mysearch.org.uk/website1/html/497.Inflation.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html#energy_graph
http://www.mysearch.org.uk/website1/html/512.Horizons.html
http://www.mysearch.org.uk/website1/html/512.Horizons.html
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[12]     

 

In [12], we start with the basic relationship of mass [M] being defined in terms of the density [ρ] times the volume [V] that is 

then converted into some form of energy equivalent, which corresponds to the internal energy [U] of the system as defined by 

some comoving volume [V]. As such, the implication from [12] is that the energy-density [ρ] is inversely proportional to volume 

[V] and, ignoring the implications of dark energy for the moment, the pressure [P] must also share the same relationship to 

volume [V], if the equations of state [ω] that binds pressure [P] to the energy-density [ρ] is a constant. 

 

At this point, we might just noted the original suggestion that the temperature [T] of a system also reflects the kinetic 

energy within the system. 

 

The final equation in [12], based on the ideal gas law in [3], might suggest that it is temperature [T] that remains constant, if [P] 

and [V] are inversely proportional. Of course, this suggestion would not align to the most basic assumption of the ΛCDM model, 

i.e. temperature is falling with expansion. However, if pressure [P] does not remain constant under expansion, we might have 

to consider the implications on work done [W]: 

 

[13]     

 

Based on [13] and the original description of the gas-cylinder model above, it would appear that the direction of the work done 

[dW] will depend on the nature of the pressure [P] and the direction of the change in volume [dV]. Now, in the context of an 

expanding universe, we might initially assume that the change in volume [dV] has always been positive at all points in time. 

However, the implication of the various equations of states associated with each energy-density implies that the net pressure 

[P=ωρ] within the universe will change as a function of time - see previous graph. In the radiation dominated early universe, it 

would seem that the nature of the pressure [PR] would have been determined by the equation of state [ω=+1/3], such that we 

might infer the 1st law of thermodynamics, as defined in [4], in the following fashion: 

 

[14]     

 

As such, it might appear that the net result of [14] aligns with model (3b) above, i.e. work is done on the external system, which 

might also be interpreted in terms of the expansion converting work done energy into potential energy of gravitation. However, 

it is unclear whether this is a true reflection of cause and effect, because [14] is implicitly making the assumption that it was the 

http://www.mysearch.org.uk/website1/html/515.Assumptions.html#pressure_graph
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Limited Perspective 

An observer within what has been 

described as the 'observable' 

universe might have no real idea as 

to the actual size of the 'internal' 

system, or the nature of the 

'external' system. From the limited 

perspective of the observer, he may 

initially assume the 'internal' system 

to have homogeneous energy-

density [ρ] that aligns to the critical 

density, based on spatial flatness 

and the inclusion of dark matter and 

dark energy. Equally, based on 

measurements, our observer might 

conclude that the 'internal' system 

is expanding at a rate defined by 

[H], but which has also to be 

calculated as a function of time. 

However, after a while, our 

observer starts to consider whether, 

or not, he is located within an 

internal system, which is not closed, 

which then opens up a whole new 

set of possibilities. 

radiation pressure, in isolation, which 'caused' the change in volume [dV]. In contrast, the ΛCDM model assumes that the net 

effect of the radiation density and its associated pressure will only contribute to the slow-down of expansion. 

 

What about the inclusion of dark energy? 

 

With the doubt about the cause and effect of radiation pressure still in mind, let us now consider the implication of the previous 

graph, when the pressure [P] becomes dominated by dark energy. The equation of state [ω=-1] associated with dark energy 

suggests that the pressure [P] eventually becomes negative and, in this context, the ΛCDM model implies that it is this pressure 

that drives the acceleration of expansion, i.e. [+dV]. 

 

[15]     

 

In [15], we see the implication of negative pressure [-PΛ] and a positive increase in 

volume [+dV] aligning with model (3a) above, i.e. positive work is done on the 

internal system. However, this interpretation of the work done by dark energy 

would then appear to contradict the idea that dark energy is a cause of expansion, 

i.e. model (3a) seems to suggest contraction. 

 

Might we question the description of dark energy having negative pressure?  

 

In the orientation of the 2 models above, it is difficult to reconcile the description 

of dark energy having negative pressure, when the expected result is expansion. So, 

given that the description of the pressure may depend on the orientation of the 

model, let us reverse [15] so that it gives a more meaningful answer, i.e. we will 

describe dark energy as having a positive pressure [+P] leading to positive 

expansion [+dV]: 

 

[16]     

 

So, based on [16], we now have a description of the dark energy era that would 

reflect the work done by the internal system on an external system in the form of 

expansion. Of course, if we make the change in orientation for the dark energy 

pressure, we would also have to apply the same logic to radiation in [14]. However, 

if we now describe radiation in terms of a negative pressure, we would also be led 

to the conclusion that it contribute towards a negative change in volume [-dV], 

irrespective of the overall expansion of the system. 

 

http://www.mysearch.org.uk/website1/html/515.Assumptions.html#pressure_graph
http://www.mysearch.org.uk/website1/html/515.Assumptions.html#pressure_graph
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[17]     

 

How experts in the field of thermodynamics and cosmology actually resolve such issues will have to be tabled as an open issue, 

but for the moment, we might simply consider [16] and [17] to be a more logical description of the thermodynamic processes 

associated with the radiation and dark energy pressures. 

 

But are we losing sight of the physical processes at work in the expansion of the universe? 

 

At a basic level, there seems to only be 2 possible descriptions of expansion; either objects are moving away from each other by 

physically moving through pre-existing space or the space between objects is expanding. In this context, the former description 

seems to run into problems regarding the kinetic energy of objects moving with some velocity [v], while remaining stationary 

with respect the CMB radiation, plus its raises the issue of superluminal velocities. As a result, we might again return to the 

question: 

 

So how does the 'fabric' of space expand? 

 

Well, based on the inference of dark energy being a cause of expansion, we might simply speculate that the expansion of space 

is driven by some form of quantum energy process, at the Planck scale, which in terms of any large-scale thermodynamic model 

is simply generalised in terms of the input energy [Q]. Based on the thermodynamic model in (3b), we might also speculate as 

to whether the work done [W=F.dx] could be equated to the change in the potential energy of gravitation within this system, as 

a whole. However, in many ways, we have simply returned to another previous question: 

 

Do the Friedmann equations, which appear to underpin the ΛCDM model, really describe the totality of the universe? 

 

However, having now raised some basic issues of concern regarding the assumptions and implications of the ΛCDM model, we 

will now turn our attention on how this model is thought to have evolved as a function of time. Of course, without a resolution 

of the issues discussed, the overall validity of this model may still have to be questioned. 

  

http://www.mysearch.org.uk/website1/html/391.Model.html
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Amedeo Balbi  

Cosmology is arguably one of mankind’s boldest 

enterprises. It tries to scientifically understand the 

origin, evolution and structure of the universe as a 

whole. In doing so, it has to rely on a certain set of 

observational data, i.e. what we see of the cosmos, 

whose collection cannot be repeated under 

different conditions; furthermore, it has to 

interpret such data according to a set of physical 

laws whose validity was mostly assessed in 

laboratories on Earth. Most cosmology is based on 

extrapolations of known physics to uncertain 

territories, and on indirect evidence derived from 

the behaviour of the part of the universe we can 

observe. 

1.3.2.8 Modelling Friedmann 
 

As has been stated, the derivation of the Friedmann 

equation within this website has been made based on the simplistic 

assumption of the conservation of kinetic and potential energy 

within an expanding universe. Of course, the effect of an expanding 

universe changes the temperature and pressure of the component 

forms of energy. While any model must accommodate the 

complexity of multiple energy-density components and the implied 

pressure associated with each equation of state, we will start 

anchored in the conservation of energy between kinetic and 

potential energy: 

 

[1]       

 

This basic relationship can essentially be transformed into the form 

of the Friedmann equation by simply converting the mass [M] to the 

density [ρ=M/V] of homogeneous space as a function of its 

expanding volume [V=4/3πa
3
] and by assuming that the sum of the 

potential and kinetic energy is conserved with a total energy [ET=0]: 

 

[2]       

 

While the variable [a] might be seen to describe the co-moving radial 

expansion as a function of time, it also represents some physical 

radius at a given point in time. While we have shown that the density 

[ρΛ] of dark energy is thought to have negative pressure, i.e. [ω=-1], only its gravitational effects appear to be at issue in [2] 

above - see Friedmann Equation [3]. While the introduction of the negative sign might infer a form of anti-gravity some caution 

is cited as the expansion of space is not easily described in these terms. Therefore, we shall turn our attention to the problem of 

trying to build an effective model of an expanding universe as a function of time. To do this, we need to determine how the 

rates of change of the various parameters affect each other under expansion [a], i.e. with time [t]: 

 

[3]       

  

http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/388.Friedmann.html#Friedmann_Equation:
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Observations & Assumptions 

The observations of Type Ia supernovae led to 

the assumption that the universe is not only 

expanding, but expanding at an accelerating rate. 

The model outlined on this page primarily 

depends on the introduction of dark energy. 

However, other models exist based on different 

assumptions. For example, some models have 

tried to explain the cosmic acceleration without 

the need for dark energy based on the 

assumptions that the speed of light and the 

gravitational constant are not constant, but vary 

with the phased evolution of the universe. 

On the assumption that the expansion may not be linear, we should 

recognise that the basic relationship in [3] above might only hold true 

for relatively small periods of expansion. As a result, the total would 

have to be calculated as the integral sum of a large number of small 

incremental samples between two points. However, we might start 

the process of refining [3] by substituting for [H=1/t] leading to: 

 

[4]       

 

Of course, the value of [H] has to be synchronised with the value of 

the scale factor [a] in question, which we might wish to anchor to the 

present-day value [H0]. As such, this must be a ratio of equation [2] 

using two corresponding energy densities: 

 

[5]       

 

Before proceeding, it might be useful to extend the notation introduced in [5] for the energy density ratio [Ω]. In the 

development of the energy-density model, we have defined five density components, which can all have a different sensitivity 

to expansion and correspond to a different percentage of the present-day critical density [ρ0]. To illustrate this by example, 

equation [6] below shows the [Ω] ratio for the matter density [ρM] in the present era: 

 

[6]       

 

In this case, the matter density [ρM] is assumed to be 4% of the overall critical density, where [a=1]. However, [6] only provides 

the ratio [Ω] of the matter density in the current era and [5] requires this expression to be normalised as a function of 

expansion by the factor [a
3
] and then generalised for all density components based on the associated equation of state: 

 

[7]       

 

On the basis of [7], we can represent the total [Ω] ratio as a function of expansion with time, as required by [5] above, as the 

sum of the component densities divided by each corresponding [a
n
] factor: 

 

[8]       

 



the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
189 of 392 

 

Cosmic Calculator 

The link above demonstrates the 

scope of the results obtained using 

this model. 

As such, the fractional terms in [8] correspond to the energy density associated with normal baryon matter, cold dark matter, 

radiation, spatial curvature and dark energy respectively. At the same time, [8] shows that each density changes at a different 

rate due to the denominator [a
n
], which has been justified in earlier discussions, but is linked to time in an expanding universe. 

As such, we can now substitute [8] back into [5] in order to create a general expression for [H]: 

 

[9]       

 

Finally, using [9], we can substitute for [H] in [4] to give: 

 

[10]     

 

Examination of [10] suggests that the time taken for the universe to expand between any two large-scale values of [a] would be 

the sum of series of differential increments of [da], which then related to some corresponding incremental change in time [dt]. 

Therefore, we would also appear to have a conceptual way to calculate the age of universe based on a numeric integration over 

a range of [a=∑da]: 

 

 Current value of [a] = 1 

 Minimum value of [a] = 0 

 

On the basis of the assumptions being made, we might estimate the age of the universe by integrating, by numeric summation, 

a large number of samples between [a=1 to a=0] and accumulatively adding all values of [dt] within this range. We might also 

calculate the elapsed time from ‘NOW’ to any given event in the past based on the observed redshift: 

 

 Event: CMB decoupling 

 Redshift z = 1089 

 Scale Factor [a] = 1/1+z 

 

Again, the corresponding elapsed time to this event is calculated by accumulatively adding all values of [dt] between the values 

of [a=1] to [a=1/1+z]. However, along the way, we can also calculate the relative energy density of each component and the 

associated value of the Hubble constant [H] plus the associated scale factor. Therefore, it may appear that we are essentially 

‘home and dry’ with respect to produce a working model of the universe, although it might be a mistake forget all the 

assumptions on which this model is based. 

 

So have we answered all the earlier concerns expressed about the actual expansion of the universe? 

 

http://www.mysearch.org.uk/website1/html/401.Calculator.html
http://www.mysearch.org.uk/website1/html/494.Age.html#useful_references_in_later_discussions
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Mathematical Models 

The accuracy of any model always 

depends on both the state of 

knowledge about a system and the 

sophistication employed. However, 

there is also a degree of compromise 

in any mathematical model in that 

most real world systems are simply 

far too complex to model in their 

entirety. It goes without saying that 

trying to model the entirety of the 

universe, in both time and space, 

presents more than a few practical 

problems. Therefore, the first stage 

of compromise is usually to identify 

only the key aspects of the system 

to the exclusion of the rest. The 

second stage of compromise is 

accepting the limits of empirical 

verification. 

Again, the issues are not necessarily in the mathematics, although mistakes may have been even here, but rather the 

assumptions on which the mathematics proceeds. First, let us review the assumptions underpinning [3] and [4], based on 

[H=1/t]. 

 

[11]    

 

While both definitions in [11] are valid values of [H], each can be subject to a very 

different physical interpretation. The first form is more representative of the idea of 

[H=v/d], i.e. a velocity [v] with respect to distance [d]. While the second form is more 

representative of the idea of space expanding as a function of time. However, on face 

value, neither form would seem to invalidate the step from [3] to [4], although one 

might suggest matter moving through space, while the other described stationary 

matter co-moving with the expansion of space. With this open issue highlighted, but 

not resolved, we will move our attention to [5], which might be more problematic, 

because it is predicated on the assumptions of the Friedmann equation. 

 

[12]     

 

As pointed out before, the classical derivation of the Friedmann equation, which produces the same results as general relativity, 

seems to suggest that the expansion velocity [v] basically conforms to the gravitational escape velocity from the homogeneous 

mass-density represented by [M]. Why this would be so is not clear, other than it seems to align to the basic idea of energy 

conservation between gravitational potential with respect to [M] and kinetic energy of motion associated with an arbitrary 

mass [m] within the universe. However, subsequent discussions have raised the following issues: 

 

 The premise of [12] seems to require some form of centre of gravity. 

 Dark energy does not seem to support the conservation of energy under expansion. 

 There is no actual explanation of how space is thought to expand. 

 

It is clear that any rate of expansion associated with the inflation model would not align to [12], although we might ignore this 

fact as this process is assumed to have been completed within a faction of the first second of existence. We might also accept 

that the basic energy-density model is probably far too simplistic to be extrapolated back to such an earlier period, especially 

given that so many aspects of the fundamental physics is not really understood. Therefore, the results obtained via equation [9] 

may only be reflecting the relative change in the component densities, based on the assumed equations of state and the 

expansion of the universe conforming to [12].  

http://www.mysearch.org.uk/website1/html/510.Results.html
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John Haldane 

"My own suspicion is that the universe is 

not only queerer than we suppose, but 

queerer than we can suppose." 

Marshall McLuhan  

It is the framework which changes with 

each new technology and not just the 

picture within the frame. 

1.3.3 Framework Model 

 
The purpose of this ‘framework model’ is primarily to generalise some of the questions that the subsequent, and more detailed, 

discussions of the inflationary and energy density stages of the concordance model might be expected to address. In the first 

section of this overall discussion of cosmology, subtitled ‘Duty of Inquiry’, a few of key ideas that are thought to underpin 

cosmology were outlined. In the second section subtitled ‘Weight of 

Authority’ we tried to build on these ideas by reviewing the concepts 

behind the derivation of the Friedmann equations, albeit using more 

classical ideas, and then proceeded to outline the evolution of the universe, 

which broadly aligns to the original Big Bang Model. In the current section, 

subtitled ‘Limits of Inference’ , we are trying to focus a little more on the 

issues within cosmology that may be more speculative in scope. So, it is in 

that context, we shall now try to remind ourselves of some questions that 

earlier sections have tabled: 

 

What caused the universe to initially expand?  

Why did the universe keep on expanding?  

What physics describes how empty space expands? 

 

By way of general introduction, we shall be looking at the inflation model to 

try to rationalise some of the physics that may explain the initial expansion 

back towards the concept of a singularity, where all known physics 

breakdown. Next, the ‘energy-density model’ will then try to rationalise why 

the universe, created by inflation, continued to expand based on various 

known and unknown energy-density components. Of course, we might pre-empt these discussions with the sort of question 

that most people puzzle over: 

 

How was something created out of nothing? 

 

While, it may be inevitable that we shall always return to questions, which 

exceed the current understanding of science, there is still something 

profoundly unsatisfying in leaving such questions just hanging there without 

any attempt to consider some of the wider implications. Therefore, for this 

reason, the discussions that follow under the heading of the framework 

model will also continue to engage in a degree of speculation, which it is accepted extends beyond the limits of inference and 

what the accepted weight of authority would probably condone, for the simple reason that our duty of inquiry is also driven by 

curiosity. Therefore, the framework model is simply a way of introducing some of the terminology, concepts and speculative 

implications of cosmology prior to discussing the main stages of the concordance model. 

  

http://www.mysearch.org.uk/website1/html/333.Inquiry.html
http://www.mysearch.org.uk/website1/html/371.Authority.html
http://www.mysearch.org.uk/website1/html/371.Authority.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/365.Inference.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
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Davis & Lineweaver 

The expansion of the universe is like Darwinian 

evolution: most scientists think they understand 

it, but few agree on what it really means 

Michał J. Chodorowski  

The concept of the expansion of 

space has been invented to stress 

that the GR description of the 

expansion of the universe can 

conflict with our intuitions based on 

SR. However, for non-specialists this 

concept can be very misleading: in 

their minds, it can easily become 

endowed with force or some sort of 

physical or causal power. 

1.3.3.1 The Terminology of Expansion 
 

As the description of spacetime extended into the field of cosmology, it 

acquired a lot of additional terminology to help explain the observations 

that started to range over billions of years of time and billions of 

lightyears of space. 

 

 
 

Aspects of this terminology can often appear confusing and the focus orientated towards abstracted systems of coordinates. 

Therefore, the goal of this discussion is to try to simply provide an introduction that focuses on just the key issues. In this 

respect, the ‘FRW metric’ is the root of a number of various measures of time and 

space: 

 

[1]       

 

In-line with the goals of this discussion, the FRW metric in [1] has been reduced to 

just a radial path description, such that the spatial curvature is represented by [k], 

while ‘spacetime curvature’ or expansion of space is defined by the term a(t),  in which the ‘scale factor (a)’ is a function of time 

(t). In the present era, the scale factor (a) is usually normalised to a value of unity and can therefore be related to the ‘redshift 

(z)’ of an object via [2]: 

 

[2]       

 

http://www.mysearch.org.uk/website1/pdf/394.0310808v2.pdf
http://www.mysearch.org.uk/website1/html/491.Metric.html
http://www.mysearch.org.uk/website1/html/376.Space.html
http://www.mysearch.org.uk/website1/html/375.SpaceTime.html
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Grøn & Elgarøy  

The interpretation of the expanding 

universe as an expansion of space 

has recently been challenged. From 

the geodesic equation in Friedmann 

universe models and the empty 

Milne model, we argue that a 

Newtonian or special relativistic 

analysis is not applicable on large 

scales, and the general relativistic 

interpretation in terms of expanding 

space has the advantage of being 

globally consistent. We also show 

that the cosmic redshift, interpreted 

as an expansion effect, contains 

both the Doppler effect and the 

gravitational frequency shift. 

Normally, the idea of redshift is initially presented in the form of some sort of 

‘Doppler Effect’, which is linked to the relative velocity between the source and 

receiver of a signal. As such, cosmological objects are often described as having 2 

component velocities, i.e. 

 

 Recession Velocity [vr] 

 Peculiar Velocity [vp] 

 

The peculiar [vp] velocity can be described as the velocity with respect to the 

‘ Cosmic Microwave Background (CMB)’ , which in-turn is often used as the 

definition of a ‘comoving coordinate system’. In this context, a cosmological object 

that is stationary with respect to the CMB is said to have no peculiar velocity. In 

contrast, the recessional [vr] velocity is attributed to the velocity of an object due to 

the expansion of space between any 2 points in spacetime, e.g. [A] and [B]. While, 

in practice, many cosmological objects can have a peculiar velocity in the order of 

several hundred km/sec, these velocities are still relatively small compared to the 

speed of light [c] and soon become negligible in comparison to the recessional 

velocity on the scale of the universe. For this reason, we shall be anchoring the 

subsequent discussions in the generalised definition of 2 objects, [A] and [B], which have no peculiar velocity [vp=0], such that 

they are considered to be stationary with respect to the CMB within the chosen comoving coordinate system at all times. 

Therefore, any observed redshift [z] between [A] and [B] can be directly attributed to the expansion of the universe. However, 

it is worth noting that photons passing between [A] and [B] must always have a peculiar velocity [vp=c].  

 

1.3.3.2 The Nature of Expansion 
 

The purpose of positioning this so-called ‘framework model’ prior to the discussion 

entitled ‘The Standard Models’ is primarily to table questions, which we might expect or 

wish a cosmological model to answer, e.g. 

 

What caused the universe to initially expand? 

 

The inflation model is one idea that tries to rationalise the physics of the initial expansion 

of the universe back towards the concept of a singularity, where all known physics 

breakdown. 

 

Why did the universe keep on expanding? 

 

The energy-density model then tries to rationalise why the universe, created by inflation, 

continued to expand based on various known and unknown energy-density components. 

However, analysis suggests that this model does not seem to actually explain the 

expansion of space, only why the expansion might now be subject to acceleration. 

 

http://www.mysearch.org.uk/website1/html/340.Hubble.html
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/392.Framework.html
http://www.mysearch.org.uk/website1/html/498.Models.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
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The Nature of Expansion? 

It would appear that the answer to this question 

boils down to 1 of 2 basic options. Either objects 

in the universe become separated by increasing 

distance because they are moving through space 

or the actual space between them is expanding. 

Option-1: 

At face value, the idea that objects are actually 

moving through space would seem to have to re-

address the issue of superluminal velocity. 

Option-2: 

The idea of expanding space still requires an 

explanation of how space might actually expand. 

Two possibilities that have been suggested relate 

to the inertial momentum of space, due to its 

energy-mass or the unravelling of additional 

Planck dimensions, which led to the perception 

of expanding 3D space. 

The Cause of Expansion? 

Further aspects of this discussion can be 

referenced under the headings 'Energy Density', 

and 'Energy& Pressure Model' plus 'Entropy & 

Thermodynamics' 

What physics describes how empty space expands? 

 

In many ways, it is in the nature of cosmology that it has to try to 

address what might appear to be unanswerable questions. While some 

questions may remain unanswered for quite some time to come, the 

goal is clearly to reduce the number of irrational models along the 

way. However, in response to the last question above, we might reflect 

on a number of conceptual analogies that have been forwarded, which while initially appearing to be helpful, may ultimately be 

misleading. For example, it is often suggested that we might visualise expanding space in terms of a rubber sheet being 

stretched or as the surface of an expanding balloon or possibly, being more representative of a 3D model, as an expanding 

cake, where the raisins represent galaxies. However, what all of these analogies are basically trying to represent is the 

fundamental premise of an expanding universe, where every galaxy 

appears to be receding from any given point in space and that the 

speed of this recession is directly proportional to distance. 

Alternatively, we might try to quantify this concept by way of a 

generalised example, e.g. a galaxy that is 10 million lightyears away has 

twice the apparent recessional velocity of one that is 5 million light 

years away. As such, this simple example essentially embodies the 

observation made by Hubble, back in the 1920’s, when he started to 

notice that more distant galaxies were moving away faster than closer 

ones, which today is encapsulated in Hubble's Law. 

 

But what are the physical implications of Hubble’s law? 

 

Let us initially continue with the idea of ‘everything’ in the universe 

doubling in size, which led our 2 example galaxies to expand away from 

each other from 5 to 10 million lightyears. Of course, if ‘everything’ doubled in size, then the size of the Earth might double, as 

might all the rulers used to measure distance if every atom that underpins our world were subject to the same universal 

expansion. However, if such a universal expansion were in operation, there would be no relative change by which to measure 

this form of expansion. So let us table the previous question again: 

 

What does cosmology think is expanding? 

 

While even cosmologists still debate the actual nature of expansion, it 

was suggested under the heading ‘Cosmological Redshift’ that space 

itself might be expanding at the quantum level of existence. However, if most physical objects in the universe are still bound 

together by what might be described as one or more of the 4 fundamental forces, then physical objects may still maintain their 

original structural size. Therefore, such an expansion of the universe might only be measured in terms of the distance between 

the largest-scaled objects in the universe, e.g. galaxies, over huge periods of cosmological time. As such, it would be 

understandable how this form of spacetime expansion would become to be interpreted and described as a recessional velocity 

between objects, such as galaxies, at any point in the universe, i.e. the universe would be described as isotropic in-line with the 

cosmological principle. 

http://www.mysearch.org.uk/website1/html/389.Energy.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html
http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html
http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html
http://www.mysearch.org.uk/website1/html/340.Hubble.html
http://www.mysearch.org.uk/website1/html/394.Redshift.html
http://www.mysearch.org.uk/website1/html/204.Concepts.html#Forces
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Density of the Universe 

It has been estimated that the critical 

density of the universe is 9.54*10
-27

kg/m
3
, 

which might be approximated to about 5 

hydrogen atoms per cubic metre. As a 

comparison, the density of water is roughly 

1000 kg/m
3
 and would contain some 

500*10
27 

hydrogen atoms per cubic metre. 

1.3.3.3 Infinite or Finite Models 
 

The debate as to whether the universe is infinite or finite has been going on 

for millennia. Of course, in the modern era, with all the advances in science 

and the appearance of some certainty expressed by cosmology regarding 

the age of the universe, the answer to the question regarding the  ‘infinite-

finite’ size of the universe might come as a bit of surprise: 

 

We simply don’t know. 

 

On the large-scale, the universe was said to be described by Einstein's 

theory of general relativity, which defines how the physical structures of the 

universe were created via localised gravitational effects, but which only 

register as small perturbations in the general uniformity implied by a 

homogeneous density. As previous discussed, in the 1920’s, the ‘Friedmann 

solution’ of Einstein’s field equations was considered to be supportive of the 

cosmological principle in that it was based on a homogeneous mass-density, 

which then led to the idea of an expanding universe driven by an energy-

density that changed as a function of time. However, the initial model of the 

universe expanding from an infinitely small point of infinite density, which 

we might label as the ‘cosmic singularity’ suggested that the universe must 

have once had a finite size, irrespective of the rate of any subsequent 

expansion. Of course, if we bear in mind the issues raised in the previous 

introduction of ‘Cosmological Horizons’, we might realise that our 

perception of the ‘observable’ universe may only be a minuscule fraction of the actual size of the physical universe. If this is the 

case, the size of the physical universe may as well be described as infinite. 

 

So can any other measurements be used to infer the size of the universe? 

 

Today, according to general relativity, the geometry of universe is also said to depend on how the energy-density of universe 

aligns to its critical energy-density. If the actual density is lower than the critical density, the expansion of the universe would 

become infinite. In contrast, if the density is greater than the critical density, the overall expansion of the universe would be 

constrained to some finite limit, which would ultimate collapse back towards the singularity. 

 

So which option does the actual universe appear to align? 

 

Again, surprisingly, the answer appears to be neither, for the actual density seems to be so close to the critical density that 

most practical models assume the universe to be geometrically flat, i.e. k=0. In this case, the universe will continue to expand 

infinitely, but at an ever-decreasing rate, although this may not necessarily be the fate of our universe, which now appears to 

be expanding at an accelerated rate. For although the actual density is assumed to equal the critical density, in the present era, 

it is unclear whether this state has remained constant throughout all of time given the lack of detailed understanding of some 

of the energy-density components. 

http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/396.Horizons.html
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Limits of the Planck Scale 

If the mass of just the observable universe, 

as defined by the particle horizon, were 

reduced to the Planck volume, it would 

exceed the Planck density by some 60 

orders of magnitude. As such, it would 

seem that no matter how the cosmic 

singularity is defined, it cannot be made 

compliant with the Planck scale. 

But what is the assumed critical density? 

 

Today, the critical density has been estimated to be ~9.54*10
-27

 kg/m
3
, 

which might be approximated to about 5-10 hydrogen atoms per cubic 

meter. While, at this point, the units of mass-density should really be 

considered in terms of an energy-density, it is unclear whether this figure, 

in either form, is really representative of the totality of the potential 

vacuum energy. However, to provide some form of a yardstick by which to 

judge the incredibly low density implied in the figure above, the density of 

water is roughly 1000 kg/m
3
 and would contain some 500*10

27
 hydrogen 

atoms per cubic meter. So clearly, there are parts of the universe, e.g. 

galaxies, where the actual density is much, much higher than the average 

critical density assumed of the universe, as a whole. However, it is the homogeneous critical energy-density that is used to 

underpin the basic Friedmann’s model and required by the cosmological principle. So, based on such assumptions, the energy-

density in the present era has been approximated, with some ‘speculative’ embellishments, so that mathematical models can 

then extrapolate a scale-factor from an assigned value of [a=1], in the present era, back towards [a=0] at the point of the 

cosmic singularity. 

 

But wouldn’t this allow us to approximate the size of the universe? 

 

Unfortunately, while it may appear that we can calculate the scale-factor as a function of time back towards the cosmic 

singularity, some 13.7 billion years ago, when the universe might be assumed to have zero size, many of Friedmann’s 

assumptions based on general relativity begin to breakdown long before the actual the Planck scale is approached. As such, 

there is considerable uncertainty about the size of the earlier universe as a function of time, even when the basic ΛCDM model 

is extended by the inflationary model. If you then add in all the potential errors in calculating the actual rate of expansion, due 

to the various energy-densities assumed, some of which are highly speculative, the margin of error become so large that it can 

swamp any size estimate. We might try to encapsulate the scope of these issues in the following question: 

 

How big was the cosmic singularity? 

 

While the general description of a cosmic singularity might suggest a point of zero dimensions and infinite density, the 

subsequent development of quantum theory suggests otherwise. For example, we might do some ad-hoc calculations based on 

the quantum scale, as defined in terms of Planck units: 

 

Planck Mass = 2.18E-08 kg/m
3
 

Planck Length = 1.62E-35  m 

Planck Volume = 4.22E-105 m
3
 

Planck Density = 5.15E+96 kg/m
3
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A Finite Universe 

While possibly circumventing the problem 

of incorporating the idea of 'infinity' in to 

any model, we are left wondering what 

exists outside, i.e. 'absolute' nothing. 

An Infinite Universe 

While possibly circumventing the issue of 

'absolute' nothing, the problem of infinity 

re-emerges. 

If we now use the previous figure for the critical density of the universe, i.e. 9.54*10
-27

 kg/m
3
, we might produce some figures 

for the ‘observable’ universe, based on the current radius of the particle horizon, such that we might make some crude 

comparison as we contract the current observed universe towards the Planck scale above: 

 

Density = 9.54E-27 kg/m
3
 

Radius = 4.61E+10  Lightyears 

Radius = 4.35E+26  metres 

Volume = 3.44E+80 m
3
 

Mass = 3.28E+54  kg 

 

So, to compare the value in both tables, we need to scale the figures for the current observable universe above to the Planck 

units. For example, we might divide the mass of universe shown above by the Planck volume to get the density of the cosmic 

singularity or alternatively, we might divide the mass of the universe by the Planck density to get the volume of the cosmic 

density: 

Density = 7.77E+158  kg/m
3
 

Volume = 6.37E-43  m
3
 

Radius = 1.14E-14  m 

 

What appears to emerge from these ad-hoc comparisons is that even the mass of the observable universe, as defined by the 

particle horizon, cannot be reduced to the Planck volume without exceeding the Planck density by some 60 orders of 

magnitude. For it would seem that no matter how the cosmic singularity is 

defined, it cannot be made compliant with the Planck scale, beyond which 

science is not able to comment. However, the only purpose of these figures 

was simply to highlight that not only can we not quantify an absolute rate of 

expansion since the Big Bang, but we cannot really dimension the size of the 

cosmic singularity as a starting point. 

 

So are there any benefits in adopting either a finite or infinite universe? 

 

In some ways it might seem easier to assume the universe to be infinite in 

size, because it then negates the issue of what exists outside the universe. 

Of course, the concept of infinity is not necessarily that helpful when it 

comes to modelling something that goes on forever. Therefore, this 

dichotomy can strain both the mathematical and physical description of the 

universe, because the concept of infinite density within an infinite small volume of space cannot really be reconciled. 

 

If the universe already contains infinite space, how can it expand anymore? 
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Of course, the answer to such a question may depend on what is actually expanding within the universe and the very real 

possibility that our perception of the universe is parochial in the sense that it may be limited to just a very small part of what 

might be, at a minimum, a much, much bigger universe. 

 

So what about a finite universe? 

 

As indicated, the conceptual issue with a finite universe is that it leads to questions about what exists outside the universe. 

While, at this point, there is a tendency for science to get a little meta-physical by simply stating that the universe does not 

have an outside, as it may simply curve back on itself, i.e. like a 3D version of the balloon analogy. Of course, whether this 

answer is right, or even satisfactory to most people, has to remain an open issue for now. However, there is also the implicit 

requirement within any finite model that space must either expand or be created, because the evidence appears to support the 

assumption that the universe is now bigger than it was in the past, which leads us back to the question: 

 

How does the vacuum space actually expand? 

 

Within this discussion we have tried to consider some of the possibilities, and 

implications, of both the finite and infinite models, while recognising there are 

fundamental conceptual problems with both. Therefore, we may need to widen 

the scope of expansion and other issues even further in the following discussions. 

 

1.3.3.4 The Scope of Expansion 
 

Within the concordance model, the nature of expanding space is normally 

constrained to a set of ideas that cosmologists believe best fits the observations to 

date. However, given that the exact mechanism of how space might actually be 

expanding is still a matter of debate, there is obvious scope for more radical ideas 

to be considered. Therefore, this discussion will introduce some speculative ideas 

primarily to widen the scope that surrounds the on-going debate; although some 

of these ideas might be immediately be shot-down by current observations. 

However, at the beginning of the 20
th

century, most physicists would have probably 

been bias toward the idea that the universe was essentially static in nature, at 

least, on the very large scale. Of course, it was recognised that smaller scaled 

structures could be subject to change in as much that stars, and even galaxies, 

might be created and fade. However, it was generally assumed that the universe 

had no beginning and would have no end. After Einstein published his theory of 

general relativity, in 1916, he became increasingly concerned with the implication 

that the universe, as a whole, could not be maintained as a static system. In fact, in 

order to address this problem, he modified his theory to include a ‘cosmological 

constant’ that might help maintain the idea of the universe as a static system. 

However, after Hubble's observations appeared to provide conclusive proof that 

the universe was indeed expanding, Einstein retracted the modification and called 

it ‘the biggest blunder of his life’ .  Subsequently, the expansion of the universe 

http://www.mysearch.org.uk/website1/html/399.Scope.html
http://www.mysearch.org.uk/website1/html/400.Issues.html
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Speculative Science 

As indicated on several occasions, this 

website reflects a personal learning 

process. Therefore, my position on some 

issues may change as the website 

continues to develop. Also, while this 

specific discussion was quite speculative 

in scope, there was a conscious effort to 

constrain this speculation within 

'acceptable' limits. However, the link 

above points to a planned section in 

which more speculative ideas will be 

reviewed; although at this time, this  

section is still in development. 

became generally accepted as fact, although the mechanism was not really understood, but as a consequence, the idea 

developed that if the expansion of the universe were reversed in time, it must lead back towards a point of creation. 

 

So what was thought to exist before creation? 

 

Well, one obvious conclusion is ‘absolute nothing’. In essence, time and space 

would have no existence, such that even the concept of empty space in the 

form of a vacuum, could have no meaning or existence. As such, you would be 

left with a concept of not just nothing, in terms of empty space, but 'absolute' 

nothing, which even philosophy and theology might find difficult to explain, let 

alone justify within the perspective of their worldview. However, based on the 

assumption of a single point of creation, you would then be forced to proceed 

with the assumption that the universe must have also expanded out of 

‘absolute nothing’. However, quantum theory might now question the details 

of a model of the universe, which is simply run backwards in time towards a 

conceptual notion of a cosmic singularity in which the universe has to 

ultimately disappear below the Planck scale into absolute nothing. However, 

despite these issues, the general idea of an expanding universe remained 

intact and was eventually considered to be generally proved, i.e. beyond any 

reasonable doubt, with the discovery of the Cosmic Microwave Background 

(CMB) radiation by Penzias and Wilson in 1965. 

 

But does an expanding universe require space itself to expand? 

 

This is where the previous discussion of ‘infinite and finite’ models has some bearing. As indicated, the initial Big Bang 

model was predicated on a finite universe in the sense that ‘absolute nothing’ existed outside the boundary of this universe. 

Based on this assumption, any expansion of the universe demanded that space itself must either expand or be created within 

the confines of this universe. As such, it might be argued that the idea of space expanding was initially adopted, not because it 

was understood, but simply because it seemed to better explain the observed dependency of the redshift with distance. For 

example, CMB radiation has a measured redshift of z=1089, which is often described in terms of the wavelength of the photon 

being ‘stretched’ on route by the expansion of space. 

 

However, are there any possible alternative ideas? 

 

Within the scope of cosmology, there are some highly speculative models that are not generally accepted, but are worthy of 

some introduction simply because they reflect the potential scope of ideas being considered, and then rejected, if they do not 

conform to observations. One idea that has been forwarded is that space-time itself may be both infinite and eternal, which we 

might initially described in terms of a ‘deSitter Universe’ that aligns to a solution to Einstein's field equations of general 

relativity named after Willem deSitter. In this context, the infinite universe might be modelled as being spatially flat and 

consisting of just a ‘vacuum’ energy-density described in terms of the cosmological constant into which some sort of cosmic 

singularity emerged. Initially, we might want to assume that the cosmic singularity expands into existing spacetime in-line with 

the idea of inflation and the ΛCDM model, although not necessarily for the same reasons. However, in order to align to present-

http://www.mysearch.org.uk/website1/html/402.Speculative.html
http://www.mysearch.org.uk/website1/html/418.Perspectives.html
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/398.Models.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/363.Singularity.html
http://www.mysearch.org.uk/website1/html/363.Singularity.html
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Scope of Cosmology Models 

Without any restrictive caveats, there are 

potentially a very large number of 

alternative models, which may conflict 

with each other and the status of current 

observations, at least, in terms of the 

accepted interpretations.  However, some 

models might be better described as only 

a modification or extension of the 

accepted 'concordance model'.  

day observations, the cosmic singularity would have had to expand to the same critical energy-density in which matter can be 

modelled as dust, which is then assumed to exert no measurable pressure. As such, we might describe this model within infinite 

deSitter spacetime as a ‘dust-ball universe’ somewhere within which our own local perception of the universe is centred. 

 

But where did pre-existing spacetime come from? 

 

As implied in earlier discussions, all cosmological models eventually run up 

against unanswered questions. In this case, pre-existing space either has to 

have existed forever, and therefore also extends to infinity, or it was 

previously created by yet another process, which cannot be described by 

present-day science. In this context, it might appear that a recursion towards 

Aristotle’s prime mover philosophy is essentially being paralleled and while 

this statement might also appear to be just avoiding the question, you might 

equally apply this criticism to any of the models under discussion. For 

example: 

 

How does the standard model of the universe appear out of absolute nothing? 

 

Today, many cosmologists appear to describe the standard model in terms of a localised universe, which ‘inflated’ due to some 

quantum process, which is again not really understood. However, in doing so, there seems to be an implicit suggestion that this 

model requires the pre-existence of some sort of quantum universe. How a ‘cosmic singularity’ might ‘materialise’ within the 

description of deSitter spacetime is not really understood, as the whole idea is speculative at best. Of course, it might also be 

suggested that the cosmic singularity was a product of some form of latent quantum energy associated the vacuum of deSitter 

spacetime. However, what is interesting in this idea is that an infinite and eternal spacetime, as outlined, may ‘spawn’ multiple 

universes, which simply remain hidden beyond our local cosmological horizon. Of course, given the overall level of speculation, 

we need not be too pedantic about such details, at this stage, as the primary goal is simply to open up the scope of discussion 

to wider range of ideas. However, this said, the dust-ball model still needs to try and explain the observed expansion in terms of 

redshift, which at face value appears problematic for 2 reasons: 

 

 Expanding space reconciles the issue of superluminal recession velocities. 

 Expanding space reconciles the uniformity of isotropic expansion 

 

While the accepted cosmological model is often referred to as the Big Bang, science has subsequently stressed that the 

expansion of the universe cannot be described, or modelled, as an explosion. This is because the distribution of the kinetic 

energy, associated with the observed energy-mass of the universe, does not conform to the profile of some central explosion. 

Therefore, a homogeneously expanding universe is usually modelled on the assumption that each unit volume of space 

expands, where the rate of expansion can also speed up with time. However, as already discussed, the effects of this expansion 

only seems to operate on the largest scale of the universe, as anything less than the size of a galaxy appears to be unaffected by 

this process. 

 

How does the standard model explain the rate of expansion? 

 

http://www.mysearch.org.uk/website1/pdf/399.0602102v2.pdf
http://www.mysearch.org.uk/website1/html/16.Prime-Mover.html
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Alasdair Macleod  

An Interpretation of Milne 

Cosmology 

 

Adler, Bjorken & Overduin  

The finite (dustball) cosmology 

and a CMB cold spot  

 

Martin Lopez-Corredoira 

Observational Cosmology: 

caveats and open questions in 

the standard model 

 

Matts Roos  

Expansion of the Universe - 

Standard Big Bang Model 

 

Gehlaut, Geetanjali & Lohiya  

A Concordant "Freely Coasting 

Cosmology" 

 

Garth A. Barber  

Self Creation Cosmology - An 

Alternative Gravitational Theory  

 

Alan H. Guth  

Inflationary Models and 

Connections to Particle Physics 

Within the overall concordance model, the original Big Bang model is now preceded by 

an inflationary stage, which expanded the universe by an exponential rate within the 

first second of existence. The subsequent ΛCDM model is then said to be basically 

explained by the Friedmann equations, which an earlier discussion derived using 

Newtonian principles, which still yielded the same result as when derived from 

Einstein’s field equations of general relativity. In this context, it was noted that the 

recessional velocity, as predicted by Hubble’s law, seems to correspond the escape 

velocity with respect to some centre of mass, which would have to exist within the 

universe, as a whole. However, this coincidence needs to be reconciled within the 

cosmological principle that underpins the standard model, because the general 

assumption appears to be that the universe, or at least the observable universe, has no 

centre of mass. However, the speculative dust-ball model, as cross-referenced above 

and in the insets right, would exist as a finite homogeneous energy-density within an 

infinitely larger definition of deSitter spacetime with a very low homogeneous energy-

density as defined by the cosmological constant. As such, this dust-ball universe might 

have a centre of gravity, as previously described in terms of Newton’s shells. However, 

at this point, we will only cross-reference an discussion entitled ‘Speculative Centre of 

Mass’ and the speculation forwarded under the discussion of Energy-Density. 

 

But could this model really explain the observed redshift? 

 

One point that would have to be considered is that due to the implicit variation of the 

gravitational field of the dust-ball universe with radial distance, there may also be a 

variation in time dilation. However, the scope of the time dilation and any other 

gravitational effects would depend on the position and relative size of our local 

observable universe within the dust-ball universe. For example, if the dust-ball universe 

was much bigger than our local universe, the consistency of cosmological time within 

our relative small local universe might be effectively be constant, such that it still would 

not be a factor in the cosmological redshift observed. However, if the dust-ball universe 

was expanding into pre-existing spacetime, the issue of explaining the apparent superluminal recession velocity implied by 

Hubble’s law appears to be problematic. However, as stated, the goal of this speculative model was never being forwarded as a 

serious alternative model, at least by this author, as the purpose was only to widen the scope of the discussion to other 

‘possibilities’, which then have to be reconciled against established observation. 

 

So how does the standard model explain the expansion at various stages? 

 

As will be highlighted later in the specific discussion of the ΛCDM energy-density model, there appears to be no specific cause 

that explains how the universe continued to expand for the 1
st

 7 billion years after the initial expansion driven by inflation, 

other than inertia. While inflation forwards the idea that some form of negative pressure existed in the very earlier universe, 

prior to the unravelling of the gravitational force, the source of this negative pressure, i.e. the scalar field, is said to have 

decayed to essentially non-existent levels within the first second of this primordial expansion. The next idea of negative 

pressure, which is subsequently introduced in the form of dark energy, but does not have a sufficient energy-density to drive 

http://www.mysearch.org.uk/website1/pdf/399.0510170.pdf
http://www.mysearch.org.uk/website1/pdf/399.0510170.pdf
http://www.mysearch.org.uk/website1/pdf/399.0602102v2.pdf
http://www.mysearch.org.uk/website1/pdf/399.0602102v2.pdf
http://www.mysearch.org.uk/website1/pdf/399.0310214v2.pdf
http://www.mysearch.org.uk/website1/pdf/399.0310214v2.pdf
http://www.mysearch.org.uk/website1/pdf/399.0310214v2.pdf
http://www.mysearch.org.uk/website1/pdf/399.0802.2005v1.pdf
http://www.mysearch.org.uk/website1/pdf/399.0802.2005v1.pdf
http://www.mysearch.org.uk/website1/pdf/399.0306448v1.pdf
http://www.mysearch.org.uk/website1/pdf/399.0306448v1.pdf
http://www.mysearch.org.uk/website1/pdf/399.0405094v5.pdf
http://www.mysearch.org.uk/website1/pdf/399.0405094v5.pdf
http://www.mysearch.org.uk/website1/pdf/399.0002188v1.pdf
http://www.mysearch.org.uk/website1/pdf/399.0002188v1.pdf
http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/350.Shells.html
http://www.mysearch.org.uk/website1/html/369.Speculation.html
http://www.mysearch.org.uk/website1/html/369.Speculation.html
http://www.mysearch.org.uk/website1/html/389.Energy.html#model
http://www.mysearch.org.uk/website1/html/506.LCDM.html
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the accelerated expansion of the universe until some 7 billion years after the Big Bang.  However, at this point, there is often a 

degree of ambiguity in the various descriptions of the ΛCDM model, as some cite the role of gravity in the slowing down of 

expansion during the 1
st

 7 billion years, while rejecting the notion of any centre of mass. As such, it is difficult to understand 

how gravity works on the level of a larger-scaled homogeneous universe. Other descriptions can appear to be equally vague or 

dismissive by simply implying, but not necessarily proving, that all answers require an in-depth understanding of the field 

equations of general relativity. Yet another alternative is that some form of inertia maintained the ongoing expansion, which 

was set in motion by inflation. What is exactly meant by ‘inertia’ in this context is unclear, because within a self-contained finite 

universe, expansion of the universe requires the expansion or creation of space into which the universe can expand. In other 

words, this model does not appear to allow the mass of universe to simply expand into space that does not exist and therefore 

we return, yet again, to the fundamental question: 

 

What physics allows space itself to expand, especially in the 1
st

 7 billion years? 

 

As suggested, many potential models have been forwarded over the years to explain, or avoid, the issue of expanding space. 

However, the constraints imposed by the cosmological principle, which appears to be supported by observation, requires any 

model to explain the homogeneous and isotropic nature of the large-scale universe, at least, within the limits of our observable 

universe. While it may be ultimately proven wrong, the basic concept of each unit volume of space expanding due to some 

intrinsic quantum energy structure appears to be consistent to the cosmological principle and provides an explanation of 

superluminal recession velocities, which does not violate special relativity. 

 

What energy considerations are associated with such a model? 

 

A basic examination of the Friedmann equations, in particular the Fluid equation; seems to suggest that matter or radiation do 

not account for any expansive pressure. Equally, if we consider the universe, as a whole, there is no obvious energy gradient 

within the observable universe, because as a homogeneous and isotropic model, the expansion of space appears to occur 

simultaneously and uniformly throughout the universe. If we then assume a finite model, where the universe is considered to 

be a self-contained energy system, we might also reasonably assume that energy cannot be created or lost. However, it will be 

later shown that if we accept that the dark energy density does not change as a function of expansion, there must be 

some unidentified process by which new energy emerges into this universe. Based on the increase density of dark energy, the 

total energy within a finite universe must grown by factor of ~2.3 over the time period defined by the current age of the 

universe. Of course, this might simply suggest that the universe is not a closed system or, at least, that our present perception 

of the full scope of the universe is incomplete - see Cosmic Calculator for more details. 

 

1.3.3.5 Other Issues 
 

It is stressed that there is no hidden agenda within the previous discussions to try to discredit the current model in order to 

present some alternative speculative theory. As stated on numerous occasions, if we accept the need for a 'duty of inquiry', 

then we must pursue this responsibility to the best of our ability, although as individual’s we must also accept that we may not 

have the necessary knowledge, or ability, to always arrive at the right conclusion. However, in such case, the 'weight of 

authority' should have no problem in refuting unfounded speculation. As such, the following list simply represents open 

questions which are looking for an answer: 

http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html#energy_graph
http://www.mysearch.org.uk/website1/html/401.Calculator.html
http://www.mysearch.org.uk/website1/html/34.Clifford.html
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Speed of Light [c]? 

In some controversial cosmology models, the 

speed of light can vary. However, this 

assumption could potentially require a re-

write of much of modern physics, predicated 

on the constancy of [c]. However, it is unclear 

what the change in a dimensioned quantity 

might imply, since any such quantity can be 

changed, merely by changing one's choice of 

units.  

 Despite the apparently successful predictions of the 'Big Bang' 

model, it appears that the model is not without its problems. These 

problems not only involve assumptions based on accepted physics, 

but appear to extend beyond the limits of inference to include 

assumptions like dark matter and dark energy that cannot be 

explained by accepted physics.  

 

 It is highlighted that the Big Bang model is predicated on the 

cosmological principle that requires the universe to be 

homogeneous and isotropic, not only now, but throughout its 

entire evolutionary history. As such, this leads to the assumption 

that some key parameters, e.g. the speed of light, must be treated 

as universal constant throughout time. Whether this is a proven 

fact is unclear.  

 

 It is known that if the universe deviates from the basic assumption 

of homogeneity, the universe would have evolved in a very 

different way. However, at the same time, if the universe had been 

perfectly homogeneous, the large-scale structures of the universe 

would not have formed, e.g. galaxies. These structures also require 

that the expansion began simultaneously and remained essential 

uniform throughout the universe, as it expanded as a function of 

time. This would appear to put considerable restrictions on any 

alternative models.   

 

 The Big Bang model requires the energy-density of the early universe 

to have been extremely close to the critical density. If it were too high, 

the universe would have collapsed back on itself before any structure 

had time to form. Alternatively, if it were too low, galaxies could not 

have formed.  It is estimated that if the universe had deviated in its 

critical density by more than one part in 10
55

, life as we know it could 

not have evolved. However, the assumption that the present-day 

energy-density aligns to the critical density is based on the inclusion of 

dark matter and dark density.  

 

 Another class of problem with the Big Bang model relates to what are called ‘exotic objects’ that physics predicts should 

have formed when the universe was extremely hot and dense. Although many of these exotic particles would not exist 

today, having decayed with time, others known as ‘relic particles’ are predicted to be stable enough to have ‘survived’ and 

be present in large enough quantities to be detectable.  
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John Barrow  

There is an important lesson to be learnt 

from the way that pure numbers define the 

world and what it means for worlds to be 

different. The pure number we call the fine 

structure constant [α] is a combination of the 

electron charge [e], the speed of light [c], and 

Planck's constant [h]. At first we might be 

tempted to think that a world in which the 

speed of light was slower would be a 

different, but this would be a mistake. If 

[c,h,e] were all changed, but the value of [α] 

remained the same, this new world would be 

observationally indistinguishable from our 

world. The only thing that counts in the 

definition of worlds are the values of the 

dimensionless constants of Nature.  

 Possibly of equal significance is that if some of these particles had 

existed at the time of nucleosynthesis, they would undermine the 

accepted predictions of the relative abundances of light elements. 

Clearly, there appears to be some discrepancy between theory and 

observation in this context. 

 

To some extent, some of the issues highlighted above can be explain by 

the introduction of an inflationary model that precedes the standard Big 

Bang model. For the inclusion of an exponential inflationary process period 

may explain why the observed universe appears to be ‘nearly’ perfectly 

homogeneous and aligned to the critical density, irrespective of its initial 

starting parameters.  This theory is also thought to provide an explanation 

as to why the relic particles did not disrupt nucleosynthesis, which then led 

to the distribution of the elements we now see in the universe today. 

However, while inflation may prove itself to be the key addition to the 

overall cosmological model, it might be worth remembering that it still will 

not explain why or how such a universe came into existence. In some way, 

the degree of scepticism that may appear to have been raised in this 

section of the discussion can possibly be best justified in the sentiment expressed by Albert Einstein: 

 

"Concepts that have proven useful in ordering things can easily attain an authority over us such that we forget their 

worldly origin and take them as immutably truths. They are then rubber-stamped as a "sine-qua-non of thinking" and an 

"a priori given". Such errors often make the road of scientific progress impassable for a long time." 
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Scientific Counter-Point 

Wun-Yi Shu: Cosmological Models with 

No Big Bang 

Philosophic Counter-Point 

Today, science is possibly more  

circumspect about the possibility that 

the current model may not, as yet, 

even come close to describing the 

totality or the complexity of the 

universe. If so, the scope of the 

universe, how it started, and how it 

works, are still valid questions that are 

open to debate, even though certain 

degrees of freedom still need to be 

restricted by observation. 

1.3.4 The Standard Models 
 

It is possible that most cosmologists would claim that there is only one 

restriction on any model, i.e. that it is supported by observations. However, 

in practice, there are restrictive caveats, which limit the number of models 

that are normally considered acceptable within the definition of mainstream 

of cosmology. As such, any overall model must align to a list of caveats, which 

restricts the degrees of freedom that any given component model is allowed. 

Today, there is almost an implicit caveat that any model must conform to the 

generally accepted idea of the `Big Bang’ as opposed to a `Steady-State` 

model, even though there are some who might still challenge even this 

assumption. While bearing these compliance requirements in mind, the 

intention is to consider the implications of the 2 main variant models of what 

might be called the 'Standard Big Bang Model': 

 

 The Inflationary Model 

 The Energy Density Model 

 

Within these 2 models, the universe undergoes expansion with time and 

complies with the additional restrictions imposed by the cosmological principle. 

In this context, the overall scope of these 2 models encompass an initial 

inflationary model followed by a subsequent expansive energy-density model, 

which in combination constituent the main elements of mainstream cosmology, at least, from a general perspective. 

 

So does general acceptance mean that these 2 models have to be right? 

 

Probably most cosmologists would accept that the status of these models is 

simply the best general description that aligns to observations, at this point in 

time, without necessarily implying that they represent the final word on this 

subject. Of course. while there are some who may understandably defend a 

lifetime's work with what can appear to be something more akin to religious 

zeal, most would still accept the need to question many aspects of these models. 

One of the key grey areas of the overall model, which we have been discussing, 

concerns the cause of expansion. Within the development timeline of cosmology 

in the 20
th

 century, the `Energy Density Model` was originally present as the 'Big 

Bang Model' in isolation of any initial inflationary process. If so, we might query 

how this model was thought to explain the evolution of the universe without 

inflation. However, given that such questions would be primarily retrospective in 

nature, we shall try to focus our questions on the composite standard model: 

 

Did inflation cause and maintain the expansion of the universe? 

 

http://www.mysearch.org.uk/website1/pdf/498.1007.1750.pdf
http://www.mysearch.org.uk/website1/pdf/498.1007.1750.pdf
http://www.mysearch.org.uk/website1/html/499.Inflation.html
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At first glance, some may query the why the expression `cause and maintain` has been used, when expansion might simply be 

the `effect` of some `initial cause` such as inflation. The issue being highlighted in the question above lies in the implied nature 

of the Big Bang, not as an explosive expansion, but rather as the uniform expansion of each unit volume of space as a function 

of time. In these terms, it can be difficult to imagine how the expansion of space persisted for 7 billion years, as calculated by 

the energy-density model, given only a minuscule period of inflation within the first second of existence without some `cause` 

being `maintained`. However, while the component energy densities of the ΛCDM model do not appear to account for any 

expansion of the universe prior to +7 billion years, there is the suggestion that space continued to expand due to the inertia of 

its mass-energy. Of course, this description of inertia not only seems to imply a velocity with respect to something, but through 

something, which is not immediately compatible to a stationary object comoving in expanding space. So, having now raised this 

key issue, we shall reiterate another question that has been previously outlined: 

 

Is the universe finite or infinite in spacetime? 

 

Often, on first exposure to the Big Bang model, there is the natural assumption that an expanding universe, which has a finite 

age, e.g. 13.7 billion years, must also have a finite size. However, the issue of the size of the universe turns out to be 

problematic and only leads to the definition of a number of cosmological horizons, which although already outlined will be 

quantified further within the results section of the ΛCDM model. At this point, we might also highlight another area of 

ambiguity, which has already been outlined: 

 

Does our perception of the universe include all of space and time, such that nothing exists outside the universe or before its 

creation? 

 

Initially, almost by definition, it was generally assumed that `nothing` existed outside the universe, although our ability to 

perceive ‘absolute nothing’ seems as limited as our ability to imagine the infinite. Today, science is possibly more open to a 

slightly more philosophical line of  questioning concerning the meaning of ‘nothing’ and ‘infinity’, such that cosmology may 

have become a little more circumspect about the possibility that the current model may not, as yet, even come close to 

describing the totality or the complexity of the universe. As a result, future developments may throw up additional caveats 

concerning both the age and size of the universe, which might be taken as a healthy sign that the current models should only be 

viewed as work-in-progress. If so, the scope of the universe, how it started, and how it works, are still valid questions that are 

open to debate, even though certain degrees of freedom are restricted by observation. 

 

1.3.4.1 The Inflationary Model 
 

In general terms, inflation is a model of the very early universe, which involves a very, very short period of exponential 

expansion. During the inflationary process, the universe is thought to have increased in size from something much smaller than 

a sub-atomic proton to about the size of a marble in a fraction of the first second of existence. Through this process, modern 

cosmology now believes it can better explain why spacetime is both homogeneous and geometric flat. Given that the full details 

of the underlying mathematics of inflation is beyond the scope of this discussion, the goal is only to provide a general overview 

of the concepts and how it fits within the overall cosmological model predicated on the standard Big Bang model. Based on the 

earlier presentation of the historic timeline of developments within cosmology, the basic idea of inflation is a relatively new 

one, which has only emerged over the last 30 years or so.  
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Andrew Liddle  

An introduction to 

cosmological inflation  

 

Andrei Linde  

Prospects of Inflation  

 

Charles H. Lineweaver  

Inflation and the Cosmic 

Microwave Background  

 

Robert H. Brandenberger  

Challenges for Inflationary 

Cosmology  

 

Sean Carroll & Jennifer Chen  

Spontaneous Inflation and the 

Origin of the Arrow of Time   

However, even in this comparably short time, it has managed to 

spawn a large number of variant theories, although we shall try 

to remain focused on just the central ideas, which have 

continued to evolve primarily because the basic model of 

cosmology, in isolation, failed to explain a number of key 

problems, as listed below. 

 

1. Homogeneity problems related to issues associated with 

density perturbations and structure formation 

  

2. Isotropy problems are associated with the apparent 

uniformity of the universe in all directions and why there 

appears to be no overall rotation of the universe.  

 

3. Horizon problems related to the homogeneity problem, but focuses on the issue of 

causal contact in order to reconcile the uniformity of the CMB temperature. 

 

4. Flatness problems related to the issue of why the apparent density of the universe is 

so close to its critical density, such that Ω≈1.  

 

5. Entropy problems related to the 2
nd

 law of thermodynamics in which the entropy of a 

system will not decrease other than by increasing the entropy of some other system. 

However, if the lifetime of a closed universe with entropy [S] is defined by the 

equation S
2/3 

*10
−43

 seconds, it suggests that the entropy of the universe is huge, but 

does not explain why.  

 

6. Structure formation problems related to the perturbation in the assumed 

homogeneity of the universe required to form the large scale structures of the 

universe in an appropriate timeframe.  

 

7. Monopole problem related to the absence of magnetic monopoles in the universe. 

 

While these problems are representative of the motivation that drove the earlier 

development of the inflationary model, they also represent the yardstick by which any other theory, wishing to compete with 

inflation, must also be measured. 

 

1.3.4.1.1 The Basic Idea 
 

Although the entire scope of this discussion might only be described as an introduction of the real complexity of the inflationary 

model, some attempt to expand on the salient details will be made in the subsequent sections. However, the initial goal is only 

to provide an introduction of the general concepts without recourse to the mathematics that would normally accompany any 

in-depth technical review of inflation, especially when touching on the concept of scalar fields. However, in-line with the 

http://www.mysearch.org.uk/website1/pdf/499.9901124v1.pdf
http://www.mysearch.org.uk/website1/pdf/499.9901124v1.pdf
http://www.mysearch.org.uk/website1/pdf/499.0402051v2.pdf
http://www.mysearch.org.uk/website1/pdf/499.0305179v1.pdf
http://www.mysearch.org.uk/website1/pdf/499.0305179v1.pdf
http://www.mysearch.org.uk/website1/pdf/499.0411671v2.pdf
http://www.mysearch.org.uk/website1/pdf/499.0411671v2.pdf
http://www.mysearch.org.uk/website1/pdf/499.0410270v1.pdf
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Inflation Requirements 

Inflation is required to be 

a solution to the initial 

conditions of the Big 

Bang. Therefore, any 

inflation model needs to 

be defined by quantum 

conditions on the Planck 

scale and described in 

terms of the evolution of 

a scalar field. 

Results Expected 

Inflation requires an expansion of 

10
30

 and, as such, requires a defined 

'start' and 'end' to the mechanisms 

that is driving this exponential 

expansion. However, the universe 

must inflate long enough to become 

flat, homogeneous, and isotropic. It 

must also account for the lack of 

certain exotic particles, e.g. magnetic 

monopoles. 

overarching Big Bang Model, we will assume that our universe came into existence some 13.7 billion years ago. We shall now 

describe this point of creation in terms of a ‘Planck singularity’ rather than just a 'cosmic singularity', as this starting point is 

now restricted to a lower limit of Planck time, i.e. +10
-43

seconds. At this point, the whole of our perceived spacetime universe 

may still have been curved to the point of being warped due to quantum effects.  Therefore, the process described as ‘quantum 

creation’ begins followed almost immediately by a very brief period of exponential expansion, which is thought to have 

smoothed the warps in space and essentially drove the universe toward flat spacetime. 

 

 
 

The steep change in the slope of the blue line in the diagram above is representative of the exponential rate of inflation in the 

period 10
-35

 to 10
-32

 seconds, while the next diagram is more suggestive of the idea of the size of the observed universe within 

some larger unobserved universe beyond our cosmological event horizon.  
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While ever more detailed analysis of the cosmic microwave background radiation appears to support the idea of inflation, the 

actual mechanism is still being debated. As such, there has been plenty of scope for speculation and the development of 

alternative inflationary models, although the list of problems previously cited puts some practical constraints on the ideas 

actually progressing through to peer review. Of course, the ultimate goal is that advances in fundamental physics will eventually 

eliminate the scope of all present-day possibilities to just one. While there are many variants of the inflationary model, we shall 

primarily limit the discussion to just two, which are sometimes referred to as the ‘old’ and ‘new’ models. In the ‘old’ model, 

bubbles of false vacuum formed due to quantum tunnelling, which then led to a somewhat random pattern of bubbles that 

never merged to allow the decay process to complete. In the ‘new’ model, a process called ‘slow-roll’ is thought to allow the 

energy density to assume an almost constant value, which then drives the subsequent process of exponential expansion. After 

which the universe is able to evolve into the hot, expanding universe, as described by the Big Bang model, which is both 

homogeneous and nearly flat, with the inflationary process naturally decaying into the standard energy-density model. 

 

1.3.4.1.2 The Evolution of Entropy 
 

While the issue of entropy was touched upon in the list of problems, we might better describe this issue as an evolutionary 

conflict between the organising force of gravity and the apparent tendency for all systems to become more disorganized. 

Entropy in this context might simply be thought of as a measure of the disorder within a system, such that the amount of 

disorder is proportional to the measure of entropy. In contrast, we might perceive the tendency of gravity to pull things 

together and, in doing so; create order by organizing systems into defined structures. This is also true of sub-atomic systems, 

although the primary forces at this scale are electromagnetic and strong nuclear. However, as a generalisation, the process of 

entropy in which all energy cannot do work opposes any attempt, irrespective of the force in question, to create order and 

therefore tends to cause systems to disperse. The interplay between these two competing processes is fundamental to some of 

the underlying thinking within all cosmological models and we might characterise the possible phases of cosmic evolution 

caused by entropy through a series of snapshot diagrams, which progress in terms of cosmological time, from creation through 

to the far future: 
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Entropy & Inflation 

In thermodynamic terms, entropy is the 

amount of energy contained in a system 

divided by its temperature. As such, 

entropy would have  increased 

exponentially during inflation, because 

the temperature of the universe 

dropped exponentially during inflation. 

However, the total energy of the system 

is thought to have remained constant. 

On the other hand, if entropy is defined 

as the amount of randomness in the 

system, then one could make the case 

for saying that entropy remained 

constant during inflation, because every 

point expanded from every other in a 

proportional and non-random way. 

Therefore, the relationship between 

matter and energy remained unchanged, 

but with more 'empty' vacuum between 

them. 

Doug Craigen  

As an aid for conceptualizing entropy, it 

is often described as a measurement of 

disorder. However, this is not intended 

as a definition of either entropy or 

disorder. Entropy is determined by the 

number of ways you could achieve a 

state, disorder is defined by the amount 

of violation of an ordering rule. The 

assignment 'entropy is disorder' is 

intended to describe situations such as 

the more space a gas takes up, the 

higher its entropy is, and the less you 

know about where all the molecules are, 

which in a casual sense means more 

disorder. This conceptual link between 

entropy and disorder should not be 

interpreted as saying that increased 

disorder is increased entropy. 

Entropy can also be described in terms of the degrees of freedom available to a 

system, which then helps define the number of different parameters needed to 

specify the state of a system. The evolution of entropy in the universe as a 

whole is thought to be separated into four phases: 

 

 Inflation Phase:  

Within the inflation model, the scalar field is thought to have very few 

degrees of freedom and as a result would have very low entropy 

throughout this phase. At the end of inflation, the energy density of the 

scalar field decays to zero, but in so doing, releases a huge amount of 

energy that drives the production of particle-antiparticle pairs and heats up 

the universe. It is the process of ‘reheating’ that then leads to an increase 

in the degrees of freedom, which then increases the entropy.  

 

 Radiation Phase:  

The input of energy [dU] is thought to stop as the scalar field energy 

density decays, i.e. dU→0. In connection to earlier discussions related to 

the derivation of the  Fluid equation, the 1st and 2nd law of 

thermodynamics also defined the change in entropy [S],  where [P] is 

pressure, [T] is temperature and [dV] the change in volume. 

 

[1]        

 

Within the cosmological model, at large, the universe is thought to have 

been radiation-dominated up to 10
4
 years and during this period, the 

pressure is proportional to temperate [P ∝ T
4
], which is in-turn proportional 

to size of the universe [T ∝ 1/radius] and the change in volume [dV ∝ R
2
dR]. 

As such, the change of entropy [dS ∝ dR/R] reduces to [S ∝ log(R)]. 

  

 Matter Phase: 

In the context of matter being modelled as dust, pressure is non-existent 

such that [P=0] and [dS=0]. Therefore, as a result, entropy is conserved for 

this period of the cosmic expansion.  

 

 Future Phase:  

In order to account for the accelerated expansion around 7 billion years, an 

input of energy [dU] is required, where entropy dS ∝ dU/T. The on-going 

expansion of space ultimately results in any given unit volume of space 

becoming increasingly empty and the universe achieving the highest 
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entropy state possible. As a consequence, the existence of all the stars and galaxies may only be a ‘temporary’ deviation 

from the equilibrium of empty space. 

 

So, as indicated at the start of the introduction, the standard model fails to explain what drove the universe into such a low 

entropy state in the beginning. As such, an additional explanation was, and still is, being sought in order to provide a complete 

and coherent description of the evolution of our universe. 

 

1.3.4.1.3 Problems with the Standard Model 
 

Before outlining some of the key problems 

thought to exist with the standard model in 

some more detail, let us simply generalise 

the scope of the original Big Bang model. 

 

 What is the Big Bang model? 

This model is essentially a theory that 

models the universe from an initial 

state, which is often described as a 

hot, dense, uniform ‘soup’ of 

fundamental particles. This soup or 

hot plasma is thought to have filled all 

of space with an energy-density that 

proceeded to expand the universe 

from a conceptual cosmic singularity 

to the current size of universe, i.e. in 

excess of 46 billion lightyears, over the 

last 13.7 billion years.  

 

 What does the Big Bang model describe? 

Generally, it is thought to explain how the universe expanded and cooled, basically in-line with the laws 

of thermodynamics, although one might question how normal thermodynamics expands space itself. Within the scope of 

this rationale, it is said to describe how the lighter elements initially formed and then coalesce under gravity to form stars, 

galaxies and galactic clusters.  

 

 What does the original Big Bang model fail to describe?  

In many ways, it might be said that the original model was more of a way of describing effects that fitted the observation 

than one that necessarily explained the cause. For it would seem that that while the ΛCDM density model can be 

extrapolated backwards in time, it did not really explain the cause of expansion or, for that matter, the homogeneity, 

isotropy and flatness of the universe. 
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The Hope of Inflation 

One day, it is hoped that the inflation model, 

or some derivative, will address many of the 

open questions still linked to the original Big 

Bang model. For example, why does the 

universe appear flat, homogeneous and 

isotropic in accordance with the cosmological 

principle.  It is also hoped that inflation might 

then explain the origin of the large-scale 

structures of the cosmos. 

1.3.4.1.3.1 The Flatness Problem 
 

As the quality of observations improved throughout the 20
th

 century, 

cosmology has been able to better estimate the actual energy-density [ρ] 

of the universe, which could then be compared with the theoretical 

critical density [ρC] of the universe: 

 

[1]       

 

Depending on the value of the ratio [Ω], the expansion of the universe can have three basic outcomes, i.e. open, closed or flat . 

An open universe would expand forever; a closed universe would re-collapse, while a flat universe would eventually stop 

expanding, but never re-collapse. At face value, all measurements suggest a value of [Ω] that is so close to unity, the universe 

can be essentially assumed to be spatially flat. However, the problem that arises in this situation is that even a minute 

departure from absolute `flatness’ would become ever more exaggerated with time, and at this stage of the universe, even 

minuscule initial irregularities should now be huge. Estimates suggest that the flatness of the universe, as observed today, 

requires that the universe to have been flat to one part in 10
14

, just 1 second after the Big Bang. This would apparently 

correspond to a critical density, accurate to 50 decimal places. Another way to view the criticality of this issue is in terms of the 

evolution of the universe as a whole, i.e. if [Ω] had initially been even slightly less than unity, the universe would have expanded 

and collapsed during the first second of existence. On other hand, if [Ω] had been slight more than unity, the universe would 

have expanded so rapidly, it would have already cooled to just above absolute zero. As such, this problem needed a solution. 

 

1.3.4.1.3.2 The Horizon Problem 
 

The discovery of the cosmic microwave background (CMB) radiation is often presented as one of the key pieces of evidence 

that supports the Big Bang model. However, the constant temperature of the CMB radiation, within 0.01%, also represents a 

fundamental problem to this model in that there appeared to be no means for the constancy of temperature to be have been 

maintained across the universe without some transport mechanism that would have to exceed the speed of light, as the 

universe expanded. Different regions of space should have been separated by a `distance horizon` such that these regions 

would not have remained causally connected and would therefore not have maintain the uniformity of the CMB temperature. 

 

1.3.4.1.3.3 The Smoothness Problem 
 

Within the scope of the standard Big Bang model, any prediction of random non-uniformity in the energy density in an 

expanding universe were not sufficient to account for the formation of galaxies. Of course, today, we can clearly observe 

galaxies and many other types of large-scale structures within the universe. Therefore, it is assumed that these structures must 

have arisen from tiny variations in the energy density in the very early universe in order to allow sufficient time for them to 

have developed. However, analogous to the flatness problem, the smoothness problem would also require the early universe to 
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Setbacks to Inflation 

Originally, it was thought that the inflaton 

was the Higgs field, i.e. the field which 

explains the mass of the elementary 

particles. However, it now appears that the 

inflaton cannot be the Higgs field. 

Subsequent models of inflation then 

depended on the properties of grand unified 

theories. Since the simplest models of grand 

unification also appear to have failed, it is 

now thought by many physicists that 

inflation will be included in a super-

symmetry theory like string theory or a 

super-symmetric grand unified theory. 

Theoretical Reservations? 

Whilst inflation is understood principally by 

its detailed predictions of the initial 

conditions of the hot early universe, the 

necessary particle physics has largely been 

predicated on mathematical models. As such, 

despite the some of the observational tests 

inflation has passed, there are still many 

open questions about the theory. 

be an incredibly smooth non-chaotic system, which cannot be reconciled with the turbulent description within a super-hot 

plasma. 

1.3.4.1.3.4 Magnetic Monopole Problem 
 

While possibly a somewhat esoteric issue for this type of introduction, 

the absence of any observable of magnetic monopoles within the present 

universe is worthy of some outline. While electric fields can be generated 

from a monopole, i.e. a single point charge, the symmetry of a magnetic 

monopole is missing, as it is not possible to isolate a ‘north/south’ 

magnetic pole by subdividing a permanent magnet. Equally, on a much 

larger scale, the magnetic fields that appears to pervade the entire Milky 

Way suggests that no magnetic monopole exists, in isolation, as this field 

also appears to cancel out on the galactic scale.  However, some branches 

of theoretical physics have speculated that magnetic monopoles must 

have been created some 10
-36

 seconds after the ‘Big Bang’ when the 4 

fundamental forces of the universe separated. However, these 

monopoles would be very density, i.e. ~10
15

 times heavier than ordinary 

particles, and while impossible to make in the present era, enough should 

have survived to affect the galactic magnetic field. Equally, the effective 

mass of these magnetic monopoles should exceed that of the assumed mass of dark matter. As a consequence, theoretical 

physics has gone as far as speculating the structure of a magnetic pole: 

 

 Near the centre [~10
-31

m] is a unified symmetric vacuum. 

 At approximately 10
-18

m exists the electro-weak gauge fields. 

 At 10
-17

m exists photons and gluons. 

 At the edge, to the distance of 10
-15

m, exist fermion and anti-fermion pairs. 

 Beyond nuclear distances it behaves as a magnetically-charged monopole. 

 

As such, this description has been likened to a fossil of the earliest moment 

in the evolution of the universe. However, one of the claimed successes of 

the inflation model is that that it is said to solve the ‘monopole problem’ in 

that the monopoles would be exponentially diluted during inflation to the 

point that there would be almost zero probability of one existing within a 

galaxy like the Milky Way. Of course, one might question the claim to 

having solved a problem about the absence of a particle, which is in itself 

only hypothetical. While this may appear to be a slightly sceptical attitude, 

it is currently supported by the failure for any signs of super-massive 

magnetic monopoles in the cosmos as a whole. On a more positive note, it 

is still very early days in the science of cosmology. 
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1.3.4.1.4 The Development of Inflation 
 

In some ways, we might describe inflation, in the modern adage of a blockbuster 

film, as being a ‘prequel’ to the original Big Bang model, which we are only 

attempting to provide a brief synopsis. What might want to also highlight  within 

this analogy, is that the prequel, i.e. inflation model, is required to join up with the 

storyline of the original feature, i.e. the standard model. The first inflationary 

model was proposed by Alexei Starobinsky at the end of the 1970’s. It was based 

on an investigation into the perceived anomalies in quantum gravity and, in this 

context; the model was rather complicated and did not specifically set out to solve 

any of the known problems associated with the Big Bang model. In contrast, the inflationary model proposed by Alan Guth, in 

1981, was clearly focused on the cosmological issues of the day. Of course, this model is now 30 years old and is often referred 

to as ‘old inflation’ that was based on the idea of super-cooling during a cosmological phase transitions. While, it is now known 

that this model also has problems, it is recognized as having played a profound role in the development of inflationary 

cosmology, as it pointed the way to how inflation might solve many of the problems outlined.  

 

False Vacuum 

This idea is said to arise naturally in any theory that contains scalar fields, which resemble electric or magnetic fields 

except that they have no direction. The Higgs fields of the Standard Model of particle physics or the more speculative 

grand unified theories are examples of scalar fields 

 

By way of a brief development outline, old inflation was an exponential expansion model of the universe, described in terms of 

a super-cooled ‘false vacuum state’. At a basic level, we might visualise a true vacuum existing at a lower energy than the false 

vacuum. Within quantum theory, this opens up the possibility that the false vacuum can ‘tunnel’ into true vacuum and, in so 

doing, it creates a phase transition in the state of the system. Within this process ‘quantum bubbles’ are thought to grow 

through merger, which then generates heat. We might try to visualise this process as follows: 

 

 
 

So, basically the idea of a false vacuum is that it represents a metastable state without any fields or particles, while still having a 

large energy density. Conceptually, as the universe expanded, the idea of empty space as defined by the false vacuum, remains 

empty and, as such, its energy density was thought not to change. As a consequence, a universe with a constant energy density 

might expand exponentially due to the inflationary process triggered within the false vacuum. While this model suggested the 

universe would phase transition into a very hot state, as required by the Big Bang model, the required degree of homogeneity 

could not be explained by this model. 

http://www.mysearch.org.uk/website1/html/502.Problems.html
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Kofman, Linde & Starobinsky  

Reheating after Inflation 

 
 

Initially, some of the perceived problems of old inflation were thought to be address by a new inflationary theory, which while 

maintaining the idea of the false vacuum introduced the idea of ‘slow-roll’ as outlined in the diagram above. When the field 

gets to the steeper part of the energy slope, it rolls down faster and when it finally reaches a minimum, it oscillates and 

converts its energy into a hot plasma particles and radiation. However, we shall defer on too many technical details at this point 

and simply say that the motion of the inflation field away from the false vacuum is of crucial importance, as density 

perturbations produced during the slow-roll inflation are inversely proportional to the rate of change of the inflation field. In 

essence, this is the key difference between the old and new inflationary models, which is thought to result in the observed 

homogeneity of our universe. However, the new model also had problems of its own as it could only explain why our universe 

was so large, if it started out being very large and contained a lot of particles.  

 

Inflation Phase:  

Within the inflation model, the scalar field is thought to have very few degrees of freedom and as a result would have 

very low entropy throughout this phase. At the end of inflation the energy density of the scalar field decays to zero, but 

in so doing, it is thought to have released a huge amount of energy that allowed 

the production of particle-antiparticle pairs and heated up the universe. It is the 

process of ‘reheating’ that then leads to an increase in the degrees of freedom, 

which then increases the entropy 

 

As far as it is known, this situation remains basically unchanged, as no subsequent version of the inflationary model has been 

able to fully satisfy all the conditions of the observable universe. As such, both the new and old inflationary models still only 

represent an incomplete update to the standard Big Bang model, even although subsequent variants of new inflation, e.g. 

chaotic inflation, have claimed to solve some of the remaining problems. 

  

http://www.mysearch.org.uk/website1/pdf/503.9405187v2.pdf
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Quarks 

Are the elementary building blocks of 

matter particles, such as protons and 

neutrons. In the present standard model, 

there are six 'flavours’ of quarks, i.e. 

up/down, strange/charm, top/bottom. 

Hadrons 

Are particles that interact by the 

strong force. This classification 

includes mesons and baryons, 

but specifically excludes leptons, 

which do not interact via the 

strong force. Hadrons are 

composed of quarks, either as 

mesons in the form of quark-

antiquark pairs or as baryons 

requiring three quarks. 

1.3.4.1.5 Visual Overview of Inflation 
 

In terms of an overview, inflation is a very short period of accelerated 

expansion, which is assumed to have happen within the first fraction of the first 

second of existence. During this very short period of time the universe is 

assumed to have expanded by an exponential factor in the order of 10
30

-10
70

. 

We might visualise this description in the following graph: 

 

 

 
 

However, inflation is also required to underpin the formation of structure, because it 

represents the era in which quantum fluctuations evolved and stabilised. It is worth 

highlighting that the effect of inflation would have ‘diluted everything’ and, as such, it 

would have emptied the universe of any structures that may have pre-existed before, 

except the existence of the quantum fluctuations in energy. 

 

Purely as a speculative thought within a speculative theory, the last statement 

appears to allude to the notion that inflation might ‘re-cycle’ energy between its 

existence in the form of vacuum energy and as an expanding quantum bubble in 

which the material universe exists. As such, the predicted ‘heat death’ 

suggested by the Big Bang model might be premature as ultimately energy is 

not lost, simply re-used in another cycle of creation. 

http://www.mysearch.org.uk/website1/html/559.Quarks.html
http://www.mysearch.org.uk/website1/html/558.Particles.html
http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html#Do_the_Friedmann_equations_really_describe_the_totality_of_the_universe_
http://www.mysearch.org.uk/website1/html/657.Cyclic.html
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More Particle Spaghetti 

Mesons are bosons, while the baryons are 

fermions. Bosons are particles which have 

integer spin and which therefore are not 

constrained by the Pauli exclusion 

principle. In contrast, fermions are 

particles which have half-integer spin and 

are constrained by the Pauli exclusion 

principle. 

Anyway, on the completion of the inflation phase, the existence and persistence of quantum fluctuation have to lead to the 

formation of all atomic structures in the universe, which in-turn are the building blocks of all the large-scale structures we see  

in the present era. We might visualise this process in the next graph: 

 

 
 

The temperature and particle description of the standard model is assumed to 

be preceded by an epoch of inflation and reheating between 10
−35

 and 

10
−32

 seconds after the Big Bang. The initial process of inflation increases the 

size of the universe, which then causes a decrease its temperature, as well as 

‘diluting’ any structural formation. During the second phase of reheating, 

primordial matter is created which then decays and in the process causes the 

temperature to rise again. The right-hand scale indicates the energy scales at 

which the various structural components started to become a permanent 

feature of the universe, i.e. quarks formed protons and neutrons, which in-

turn formed the light nuclei and then neutral atoms. Ultimately, atoms and 

molecules gravitationally collapsed into stars, which we now see in the stelliferous era. So while inflation was initially 

introduced to help resolve some of the many problems associated with the original Big Bang model, its more enduring legacy is 

that it provided a plausible explanation of the initial in homogeneities required to eventually produce all the structural diversity 

in the present universe. 

  

http://www.mysearch.org.uk/website1/html/357.Present.html
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1.3.4.1.6 The Evolution of Inflation 
 

At times, there is much in cosmology that may appear to descend into pure 

speculation and this is equally true of inflation. However, while the charge of 

speculation cannot be totally refuted, the observations that the Cosmic 

Microwave Background (CMB) shows a corresponding pattern of perturbation, as 

predicted by the inflationary model, which might be cited as some level of 

empirical verification that there is more to this model than just speculation. 

Initially, it was thought that the idea of inflation might contain the seeds of its own 

self-destruction, because if the process was so efficient in explaining how the 

‘smoothness’ of the universe was maintained, it would also prevent the level of 

gravitational perturbations required to form structures, such as galaxies. It was 

only after the earlier researchers had time to look more closely at the equations, 

which we have not reviewed, did they realise that the quantum fluctuations being described could also produce the necessary 

‘ripples’, which might ultimately lead to the required large-scale structures in the timeframe of the present universe. 

 

Isaac Asimov: Where any answer is possible, all answers are meaningless. 

 

Today, the evidence for the basic principle of inflation is said to be evident in the density perturbations of the CMB radiation, 

which originated at the time when matter and radiation decoupled, some 370,000 years after the Big Bang. After decoupling, 

these density fluctuations would have grown to become the large scale structure of the universe, which we see reflected in the 

distribution of the galaxies. In this context, cosmologists have argued that the increasingly detailed analysis of the CMB 

radiation also provides correlating information about the universe when it was less than 10
 -20 

of a second old. It might also be 

argued that no other theory has been able to explain why the Universe is both so uniformly homogeneous, but yet contains the 

necessary perturbation in its energy-density to form the large-scale structures of the universe. Of course, while this evidence 

may be said to go some way in corroborating theory with observations, it does not necessarily prove that the inflationary model 

to be correct beyond any question of doubt. However, it has to be acknowledged that in the best tradition of science, inflation 

theory has made significant predictions about the underlying nature of universe, which have subsequently been shown to be 

correct. This said, it might be argued that the initial ‘simplicity’ of inflation is now becoming increasingly obscured as 

new ‘refinements’ to the original model are being continuously added. For example, some have used the theory to speculate 

whether our universe exists within a single magnetic monopole produced by cosmic inflation? Whether this adds any clarity for 

those wishing to understand just the basic principles of cosmology might be questioned, although one of the reasons behind 

inflation was to address the anomaly of the non-existence of magnetic monopoles. As it may turn out, the solution to the 

magnetic monopole problem may be that our entire visible universe grew out of a quantum fluctuation so small, it could not 

even contain one monopole. 

 

Richard P. Feynman  

It always bothers me that according to the laws as we understand them today, it takes a computing machine an infinite 

number of logical operations to figure out what goes on in no matter how tiny a region of space and no matter how tiny 

a region of time . I have often made the hypothesis that ultimately physics will not require a mathematical statement, 

that in the end the machinery will be revealed and the laws will turn out to be simple. But this speculation is of the same 

nature as those other people make 'I like it, I don't like it'  and it is not good to be too prejudiced about these things. 
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However, other modifications to the inflation model are being made in response to specific observations. For example, there is 

some evidence to suggest that there might not be quite enough energy-density in the universe to make it perfectly flat. In fact, 

there may only be 20-30% of the required energy-density to meet the needs of the original inflation model. This is problematic 

because one of the predictions of inflation was its alignment to the critical density, which subsequent models have attempted 

to address through some fairly far reaching and speculative suggestion. The conventional view of inflation makes the 

assumption that our universe is potentially just one of many that formed from ‘bubbles of inflation’ that exist within a more 

fundamental description of an eternal and infinite quantum universe. As described, the basic assumption is that inflation drives 

these bubble universes towards flatness through the process of exponential expansion. However, given the suggestion that the 

quantum universe could produce countless bubble universes, the nature of each of these universes would be subject to a 

statistical distribution, at least, in terms of the resulting energy-density. 

 

So what is the probability of an energy-density matching our universe? 

 

Again, we shall only cite the some of the speculative conclusions 

being drawn without any reference to the mathematics 

supporting the arguments. However, it would seem that for a 

given density, most of that density could reside near the middle 

of the expanding quantum bubble with another concentration of 

higher density around the edges of the bubbles. The initial 

conclusion of this work is that because the density distribution is 

non-uniform, it suggests that we may be living near the middle of 

a bubble universe, but that the density of this region may be less 

than the critical density, which is then compensated for by extra 

density beyond our current cosmological horizons. There are also 

other repercussions that follow on from this speculative model in 

that it also suggests that the Hubble parameter [H] may not be 

constant throughout the universe at any given time. As such, we 

may actually be living in a universe where both the measured 

density [ρ] and the value of the Hubble constant [H] are a 

function of the volume of the universe, which have not been fully considered. 

 

What are the implications of such speculation? 

 

Basically, such a model might undermine many of the foundation stones of existing cosmology and, as such, it is not surprising 

that other cosmologists have quickly sought to find an alternative model. One such suggestion is that the inflationary process 

takes place twice, rather than as the single staged process previously described. By invoking inflation twice, it appears that the 

central benefits of inflation are still realised, while leaving the resulting universe in an ‘open-flat’ state, such that it will expand 

forever. In simplistic terms, the first phase of inflation drives the bubble universe towards a homogeneous state, while the 

second phase drives the bubble universe towards the required critical density. According to this model, the end state looks very 

much like our observed universe and requires no fine-tuning of the inflationary parameters. Again, in simple terms, this model 

essentially uses the origin model of inflation, but applies it twice. 
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But how far do these models take us from the original concept of the Big Bang? 

 

As touched on many times throughout this discussion of cosmology, the original concept of the Big Bang appeared to suggest 

that the universe was essentially a closed system, outside of which there was ‘absolute nothing’ . However, even the most basic 

descriptions of the various inflation models seem to allude to our local universe only being a part of a much larger system, i.e. 

what has been called the ‘quantum universe’ , into which multiple ‘bubble universes’ may emerge. As such, we have simply 

assumed that the quantum universe is both eternal and infinite in scope; although even this may be eventually questioned. 

Therefore, yet again, in human terms we return to the more fundamental question: 

 

What created the quantum universe? 

 

It might now be possible to argue that our bubble universe, at least, is both finite in age and size, while possibly renewing the 

debate about the nature of the boundary between the bubble universe and its ‘parent’ quantum universe. Of course, the 

alternative conclusion might be that we have past so far beyond the ‘limits of inference’ that we run the risk of losing sight of 

the point where we forked onto the road of pure speculation. 

 

H. L. Mencken:  

Astronomers and physicists, dealing habitually with objects and quantities far beyond the reach of the senses, even with 

the aid of the most powerful aids that ingenuity has been able to devise, tend almost inevitably to fall into the ways of 

thinking of men dealing with objects and quantities that do not exist at all, e.g., theologians and metaphysicians. Thus 

their speculations tend almost inevitably to depart from the field of true science, which is that of precise observation, 

and to become mere soaring in the empyrean. The process works backward, too. That is to say, their reports of what 

they pretend actually to see are often very unreliable. It is thus no wonder that, of all men of science, they are the most 

given to flirting with theology. Nor is it remarkable that, in the popular belief, most astronomers end by losing their 

minds. 

 

1.3.4.2 The Energy Density (ΛCDM) Model 
 

While we have already covered many of the key details of this model, the intention is now to try to put some of the results of 

this model into some better context within the overarching development of ‘concordance model’ over the last 100 years. 

 

 

http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html
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Georges Lemaître: 

Monsignor Georges Henri Joseph Édouard 

Lemaître (1894-1966) was a Belgian priest, 

astronomer and professor of physics at the 

Catholic University of Louvain. Lemaître also 

pioneered the use of general relativity in 

cosmology. In 1927, he wrote an article, which 

preceded Edwin Hubble's article by 2 years, in 

which he derived what became known as 

Hubble's law and proposed it as a generic 

phenomenon in relativistic cosmology 

Mather & Boslough 

“In groundbreaking papers in 1922 and 1924, 

Friedmann demonstrated mathematically that 

the universe could very well be a dynamic 

system that, regulated by the gravity of general 

relativity, could expand indefinitely or collapse 

back on itself like a deflated balloon. A third 

possibility was that the universe was in a state 

of precise balance between infinite expansion 

and collapse. What would determine the true 

dynamic of the universe? According to 

Friedmann, the average density of mass within 

the universe would define how space curved as 

described by general relativity. Such a 

curvature would establish the way the universe 

changed over time. 

To start this process, we shall recap the basic timeline of developments 

that have contributed to the standard cosmological model, which was 

originally anchored in Friedmann’s equations, dating back to the early 

1920’s. However, by the late 1920’s, Lemaître’s basic idea of a creation 

event from which the universe expanded was still the source of much 

debate. While this idea was to receive broad support from Hubble’s 

redshift observations, the next 30 years would see the debate between 

the Big Bang and Steady-State models continue without any real 

resolution of these two opposing positions. However, for many, this 

debate effectively ended with the discovery of the Cosmic Microwave 

Background (CMB) radiation by Penzias and Wilson in 1965. However, at 

this key point in the summary of developments, let us stop to consider 

the general status of cosmology as it stood on entering the 1970’s: 

 

 While, today, the inflation model is thought to address many of the problems originally associated with the cosmological 

principle; the first speculative proposals of inflation did not appear until the early 1980’s. Therefore, even after the 

discovery of the CMB radiation, the early cosmological models had to be masking a large number of problems.  

 

 Equally, in the 1970’s, the standard energy-density model was still essentially predicated on only ‘normal’ matter and 

radiation, as the idea of cold dark matter and dark energy had not really been considered in detail, let alone accepted, by 

mainstream cosmology.  

 

 While the gravitational anomalies, now thought to be resolved by dark matter, had been discussed since the 1930’s, the 

idea of cold dark matter [CDM] did not really consolidate until the 1990’s and even today is still subject to much 

speculation, as it exists outside the accepted particle model of physics.  

 

 While the history of dark energy might be said to go back to 

Einstein’s introduction of the cosmological constant [Λ], the origins 

of this constant might be described as more of a conceptual ‘fudge’ 

to maintain the idea of a static universe. As such, the forwarding of 

dark energy as a serious hypothesis did not really begin until the 

mid 1980’s and, for many; it is still a matter of open conjecture. 

 

Of course, modern cosmology has benefited from many technological 

advances since the 1970’s, especially in the field of space-borne 

observations and measurements. So let us now start to focus on the 

assumptions of the present-day energy-density model, which is often 

referred to as the Lamba-Cold Dark Matter (Λ-CDM) model. Today, many 

will cite the inflation model as a prerequisite process of any energy-

density model, which then helps explain many of the initial conditions of 

the universe, which are now part of the overall conclusions of the 

concordance model. However, it might be argued that there is still no 

http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/340.Hubble.html
http://www.mysearch.org.uk/website1/html/340.Hubble.html
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/383.Dark%20Matter.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
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Note of Caution 

The following inset statements are simply 

extracts from various sources, which 

possibly reflect both a degree of ambiguity 

and certainty, which you can find many 

discussions of cosmology. 

seamless connection between the inflation and energy-density models as, in many ways, the latter model is essentially 

anchored to present-day observations of the universe, which is then run backwards in time towards the inflationary model. As 

consequence, the inflationary model is required, as a matter of necessity, to end up at the reversed engineered starting point of 

the energy-density model. 

 

So what are the key assumptions underpinning the current energy-density model? 

 

One key assumption that appears to need some additional scrutiny relates to the issue of how space, as opposed to the 

universe, expands. Within the prerequisite inflation model, there is a general assumption that the negative pressure of the 

scalar field drove the expansion of universe prior to the unravelling of the gravitational force in the very earliest moments of 

the universe. However, this process ended because the scalar field is required to decay to virtual non-existence during the 

exponential expansion of the universe. 

 

So what maintained the expansion of the universe in the absence of the scalar field? 

 

While there seems to be some general acceptance of the idea that space simply continued to expand due to its inertia, it is 

unclear how this mechanism is thought to work. Therefore, this still considered to be an open question central to the overall 

concordance model. As such, we shall continue the line of questioning initially set out in the ‘Framework Model’ and the 

implications predicated on whether the universe is finite or infinite. 

 

1.3.4.2.1 Model Assumptions 
 

While many of the assumptions underpinning the current energy-density 

model have been discussed throughout this entire section on cosmology, the 

list below is intended as a summary of both the assumptions and issues for 

future reference: 

 

 In some ways, the energy-density model is still often described in terms 

of a single originating event, although some cosmologists might now be 

a little bit more circumspect about the physical reality of the ‘cosmic 

singularity’. In this context, quantum theory now places some 

fundamental restrictions on how close any model might approach Planck 

time, i.e. 10
-43

 seconds, and still remain within any definition of known 

science.  

 

 While the standard model may still align to the cosmological principle, 

which holds to the idea that the large-scale universe is both 

homogeneous and isotropic, the purpose of any model cannot be to just 

to adhere to a principle, but should rather seek to explain it.  

 

 The inflation model might now suggest that the scope of the 

cosmological principle is as localised as our perception of the universe, 

http://www.mysearch.org.uk/website1/html/392.Framework.html
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Cause and Effect? 

One thing is clear in our framing of questions 

such as `How did the Universe get started?' is 

that the Universe was self-creating. This is not 

a statement on a `cause' behind the origin of 

the Universe, nor is it a statement on a lack of 

purpose or destiny. It is simply a statement 

that the Universe was emergent, that the 

actual Universe was probably derived from a 

indeterminate sea of potentiality that we call 

the quantum vacuum, whose properties may 

always remain beyond our  understanding. 

Cosmic Singularity 

Extrapolation from the present to the 

moment of Creation implies an origin of 

infinite density and infinite temperature (all 

the Universe's mass and energy pushed to a 

point of zero volume). Such a point is called 

the cosmic singularity. Infinites are 

unacceptable as physical descriptions, but our 

hypothetical observers back at the beginning 

of time are protected by the principle of 

cosmic censorship. What this means is that 

singularities exists only mathematically and 

not as a physical reality that we can observe 

or measure. Nature's solution to this problem 

are things like the event horizon around black 

holes. Barriers built by relativity to prevent 

observation of a singularity. 

i.e. as defined by our finite and changing cosmological horizons. Given the possibility of a wider definition of a ‘quantum 

universe’ and a multitude of ‘bubble universes’, the scope of any original homogeneous energy-density model might be 

questioned.  

 

 While we may continue to assume that our location within the 

universe is not special, do we really have any idea where this location 

is within an ever-widening definition of the universes? As such, the 

original context of the debate about the finite-infinite nature of the 

universe might now have to change to include both the concept of an 

infinite quantum universe and one of many potential finite bubble 

universes plus the nature of the boundary between them.  

 

 The extrapolation of science beyond empirical experience is usually 

justified on the assumption that the physics of the universe is 

predicated on the same physics which we have experienced here on 

Earth. Of course, in this respect, we do not appear to have any actual 

experience of the physics of dark matter or dark energy and therefore 

must continue to question a model in which less than 4% of the 

energy-density falls within the definition of known science. Note, this 

is not a rejection of these ideas, simply a statement of the current 

status. 

 

 In isolation, the expanding energy-density model is said to be 

described by the  FRW metric, the Friedmann equations and the 

appropriate  equations of state  of the assumed  energy-density 

components. Based on such assumptions, this model is thought to 

approximate the expansion of the universe from the end of the 

inflationary period up to present era and into the far future.  

 

 While the general description of inflation is said to explain the 

exponential expansion within the first second of existence, it is still 

unclear how the universe continued to expand after this process 

completed in the absence of any significant source of negative 

pressure, e.g. dark energy, which the ΛCDM model only predicts to be 

a major factor after some 7 billion years.  

 

 Today, the evidence of an expanding universe is primarily based on the redshift measurements of prominent features 

within the distant universe. However, there still seems to be some ambiguity concerning the actual physical cause of the 

observed cosmological redshift. As discussed, part of this ambiguity may be due to the apparent wave-particle duality of 

light, whereby it is propagation through expanding space may be described either in terms of discrete photons or 

continuous electromagnetic waves.  

 

http://www.mysearch.org.uk/website1/html/512.Horizons.html
http://www.mysearch.org.uk/website1/html/398.Models.html
http://www.mysearch.org.uk/website1/html/491.Metric.html
http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/381.Components.html
http://www.mysearch.org.uk/website1/html/381.Components.html
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 Current observations and measurements appear to support the assumption that the observable universe is essentially flat, 

such that the universe will expand forever. However, as previously outlined, the inflation model seems to raise the 

possibility that the energy-density within the totality of a bubble universe, of which our observed localised universe may 

only be a very small fraction by volume, may not necessarily be homogeneous.  

 

 Today, observations appear to be suggesting that the expansion of our universe is accelerating. In the context of the ΛCDM 

model, this is explained by the introduction of dark energy, which has the attribute of negative pressure. However, as 

alluded in previous bullets, it might be questioned whether we really understand enough about the total energy-density of 

the universe to rule out other mechanisms, which might also account for accelerated expansion?  

 

 The current energy-density model is labelled the Lambda-Cold Dark Matter (ΛCDM) model for the obvious reasons that it 

now predicated on 23% cold dark matter (CDM) and 73% dark energy [Λ]. While both dark matter and dark energy cannot 

really be described within the standard model of particle physics, both concepts are often discussed as though they now 

self-evident and beyond question.  

 

 In a historical context, cold dark matter was introduced to try to account for a growing number of gravitational anomalies, 

e.g. rotation of galaxies and the gravitational lensing of light. These gravitational effects were thought not be explained by 

the amount of normal matter being estimated from observations, which then led to the idea of a new type of gravitational 

mass. In order to reconcile observations, cold dark matter had to have the attribute of a non-relativistic velocity, while its 

mass would probably have to be non-baryonic in nature. In addition, cold dark matter would not radiate photons, at least, 

in the measurable spectrum, and only interact with other particles through gravity. Despite the speculative nature of these 

details, dark matter is now assumed to represent 23% of the mass-density of the universe in the present epoch. 

 

 Dark energy is sometimes referred to as the cosmological constant [Λ] or even more generally as vacuum energy. 

However, irrespective of the name, its introduction into the standard model became a requirement in order to explain the 

apparent accelerated expansion of the universe at about the 7 billion year mark. While dark energy is thought to have 

been virtually non-existent, in percentage terms, at the start of the ΛCDM model, it has the unusual ability to maintain a 

constant energy-density, within an expanding universe, such that it is now assumed to represent ~73% of the energy-

density of the universe, which in-turn suggests a net increase in the measurable energy of the universe by a factor of 

~2.73.  

 

 As a consequence of these additional forms of energy density, only about 4% of the current observable universe can be 

attributed to the mass-energy normally associated with accepted model of particle physics. This small percentage 

effectively represents all the planets, stars and galaxies within our visible universe and may effectively highlight where the 

limits of inference lies within the current cosmological model. 

 

Of course, there is still active on-going research into the many assumptions that have now come to underpin the current 

energy-density model. As such, this model may very well change as new information becomes available. So, in many ways, the 

main purpose of this discussion is to simply highlight some of the perceived issues that cosmology may well address in the 

future. 
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1.3.4.2.2 Operational Status 
 

While we have already covered some of the basic rationale behind the equations thought to support the energy-density model, 

the primary goal of this discussion is to simply provide a quick reference to the key equations and possibly some of the wider 

implications that surround them. 

 

Historical Model 

Throughout history, cultures have attempted to interpret the nature of the universe primarily in terms of their cultural 

beliefs. However, these beliefs invariably had little to no basis in science. In this context, cosmology typically represented 

something that would forever transcended human understanding. While some might still question whether this position 

has really change, few would actually refute the paradigm shift in our perception of the universe. 

 

 

 
Present Model 

In the present era, cosmology has come to represent the study of the universe in its totality. Of course, within this all 

encompassing aspect, no single model has yet been able to define the totality of the universe, let alone describe it. 

Therefore the present 'cosmological model' might be said to be a composite of many models, spanning multiple scientific 

disciplines, which do not always fit together. 

 

Obviously, one of the most basic assumptions of cosmology is anchored in the premise that the universe is homogeneous, 

isotropic and expanding, as defined by the cosmological principle and described by the FRW metric: 

 

[1]       

 

http://www.mysearch.org.uk/website1/html/341.Equations.html
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However, for the purpose of this discussion we can reduce the complexity of [1] by only considering a radial path, where [dθ] 

and [dφ] can be set to zero plus we might initially assume [k=0] in-line with a flat spatial universe. Note: this last assumption 

may become increasingly suspect as expansion is rolled back towards Planck time, although the validity of the entire energy-

density might be questionable as it approaches the inflationary model: 

 

[2]       

 

At this point, the only purpose of showing [2] is to simply highlight the use of co-moving coordinates that relate physical and co-

moving distances: 

 

[3]       

 

Within the scope of an expanding universe that is described as a function of time [t], the relative distances between objects, 

having no ‘peculiar velocity’ with respect to the cosmic microwave background (CMB), will remain unchanged in the co-moving 

coordinates [r]. Of course, the actual physical distance [R] does actually increase in-line with the scale-factor a(t), but it allows 

us to clarify that the parameter [dr] in both [1] and [2] as aligning to its co-moving coordinates [r], which do not change with 

time [t], as the effect of expansion is completely defined by the implied function a(t). However, as has been pointed out 

in previous discussions, we do not really know the physical size [R] of the universe, although we can quantify the relative change 

in size: 

 

[4]       

 

If we assume that value of [a=1] in the present era, we can now used [a] as a relative measure of size within the expansion of 

the universe. As such, we are now using the parameter [a], and its 1
st

 and 2
nd

 derivatives with respect to time, in the 

following Friedmann equations to reflect the physical size of the universe, albeit relative to the present era value of unity. 

 

[5]       
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The equations in [5] are said to reflect a recessional velocity [v=da/dt] associated with the Hubble parameter [H=v/a], the 

energy-density [ρ] of some comoving volume of space and its associated pressure [P]. In the last of the 3 equations in [5], the 

effect of the energy-density [ρ] and the pressure [P] are combined to describe the resulting acceleration [da
2
/dt

2
] of an 

expanding universe. However, the relationship between energy-density [ρ] and pressure [P] is also defined more by the 

fundamental equation [P=ωρ], where [ω] is described as the ‘equation of state’ of a specific energy-density component. As 

such, the energy-density [ρ] and the pressure [P] in [5] actually represent the composite values of the various component 

‘materials’ thought to explain the expansion of the universe. The following expression is a summary of the equations of state 

[ω] for each of the energy-densities considered by the current standard model, which can also be related to the relative size [a] 

of the universe: 

[6]       

 

The introduction of [6] allows the Friedmann equations, shown in [5], to be rationalised in terms of just the component energy-

densities, as follows: 

 

[7]       

 

By continuing down this line of logic, as initially described in the section entitled ‘Modelling Friedmann’, the dependency of the 

energy-density on the relative size [a] of the universe can be rationalised into an equation that correlates the scale-factor a(t) to 

some increment in time [dt], where [Ω=ρ/ρc] is the ratio of the actual density to the critical density of the universe at some 

given point in time: 

 

[8]       

 

This equation essentially represents the present-day Big Bang Model in isolation of any inflationary model. However, while this 

equation forms the basis of many ‘cosmic calculators’  including the one within this website, it is unclear that it explains the 

expansion process, either in terms of its cause or how space itself expands. In fact, in isolation of the equations of state in [6] 

and the equations in [5] might all logically suggest contraction not expansion. It is only after the injection of dark energy, with 

an equation of state that suggests negative pressure, can we reverse the default negative acceleration of contraction in [7] to 

become a positive acceleration of expansion. This issue can possibly be highlighted further by turning back the clock to before 

http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/381.Components.html
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1980, when the ideas of the inflationary model, dark matter and dark energy had not yet been introduced, let alone accepted. 

As such, we would have to rewrite the equations in [7] as follows: 

 

[9]       

 

Examination of the revised equations in [9], which has removed that idea of dark matter and dark energy, appears to suggest 

that none of the original energy densities can explain expansion, only the deceleration, due to some gravitational effect, which 

would presumably require some form of gravitational centre. In the absence of inflation, the basic energy-density cannot even 

turn to the idea of inertia to describe the effect of expanding space. Of course, we might even have to question the 

deceleration due to gravity without some centre of mass, which the standard model seems to refute in order to comply with 

cosmological principle. Simply asking questions as to the cause of expansion within the bounds of the accepted energy-density 

model has not, as yet, been a fruitful exercise, although attempts have been made. Maybe the answer does lie hidden within 

the complexity of the mathematics of general relativity, beyond the reach of general comprehension of most, as some have 

alluded. Alternatively, as suggested by others, the universe acquired a form of inertia, as imparted by inflation, which continued 

to drive the expansion until the density of dark energy took over some 7 billion years after the initial ‘Big Bang’ . However, from 

the general perspective of our duty of inquiry, we might wish to list a number of perceived problems at this point: 

 

What caused the universe to expand for the 1
st

 7 billion years? 

Does this cause explain the expansion of the universe, rather than space itself? 

Why does this expansion align to an escape velocity? 

How did gravity slow the universe without some centre of gravity? 

 

Future Model 

In the near future, it can only be assumed that cosmology will continue to add to the astounding  complex 'tapestry' of 

facts and assumptions based on improved empirical observations. It might also be hoped that improved empirical 

evidence  will constrain the excesses of  speculative hypothesis. If so, future cosmologists will undoubtedly continue to 

strive towards a consolidated model, which describes the universe in terms of its quantum beginnings, the scope of its 

present state, and the entropy of its ultimate future. 
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The Eye of the Beholder 

Not only judges beauty, but infers 

meaning to the world. As such, we 

can each become our own arbiter of 

the truth. 

1.3.4.2.3 Model Caveats 
 

If we accept that there are some limitations within the  current model, we also 

need to understand the areas in which certain 'caveats' need to be put on the 

accuracy of the description. For example, in previous discussions, it has been 

suggested that there are a number of caveats associated with determining both 

the age and size of the universe. Therefore, in this context, we might even define 

a ‘caveat’ as a possible alternative interpretation of the accepted data. So, 

before rushing to use [1] below, as the basic of our cosmological model, we 

possibly need to be a little more specific about some of the potential operational 

caveats previously outlined. 

 

[1]       

 
The derivation of [1] is actually discussed under ‘Modelling Friedmann’, while the 

intention of this discussion is primarily to highlight some of the limitations of [1] 

prior to presenting the results extracted from it. So, first, let us clarify scope of [Ω]: 

 

[2]       

 

In [2], we see that [Ω] is essentially being used to represent the ratio of two energy-densities [ρ,ρ0], which can be interpreted as 

the energy-density of some unit volume of the universe at two different points in time. The time factor becomes more obvious 

in the expression on the right, where [a
n
] represents the sensitivity of each component energy-density as a function of 

expansion, which in-turn is a function of time. Calculations, based on [1], can then normalise the value of [a] over the range 

[1..0], where unity [a=1] corresponds to the present era and zero [a=0] corresponds conceptually to moment of the Big Bang 

itself. As such, we can solve equation [1] within a spreadsheet or recursive javascript program by a process of numeric 

integration by decrementing [a] from unity back towards zero in small increments, e.g. da=0.0001. Within this process, the 

accumulative total [Σdt] approximates the age of the universe. 

 

So what caveats need highlighting? 

 

Well the first and possibly most important point can be summed up in the computing adage ‘garbage in, garbage out’.  The 

accuracy of any results from [1] depends on the validity of assumptions made about the energy-density components, the 

assumed equations of state that defines [a
n
] and the estimate of each density component in the context of the present-day 

universe. We might also highlight the dependency of [1] on the present-day estimate of Hubble variable [H0], which is 

essentially determined from Hubble’s law [H=v/d], which has already been outlined under the heading ‘ Redshift and Hubble's 

Law’ . 

http://www.mysearch.org.uk/website1/html/494.Age.html
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Ayn Rand 

“The truth is not for all men, but only 

for those who seek it.” 

So what is the probable margin of error? 

 

To be honest, it is unclear whether the margin of error can really be quantified, 

because if some of the basic assumptions are wrong, then the whole premise of 

equation [1] could be wrong. However, if we ignore these problems for the 

moment, then [1] provides a first order estimate for the age of the universe being 

13.7 billion years, at least, within the limitations of the energy-density model in isolation. However, the age of the universe has 

to be qualified because most models breakdown as they are pushed ever closer to a universe defined by Planck units and 

quantum theory. As such, the age being quoted is often interpreted more cautiously in terms of a relative timeline of events 

calculated backwards from the present-day energy density towards the Planck time and what is often described as the cosmic 

singularity. Equally, as already discussed, the size of the universe is also problematic in that most models only work in terms of a 

relative change in the scale factor a(t). Again, working backwards from today’s definition of the scale factor, i.e. (now)=1,  the 

relative change in the size of the universe can be determined. Basically, [1] relates the relative size [a], the Hubble constant [H] 

and various component energy densities in the form of a ratio [Ω], where [H0] corresponds to the present-day value of 

71km/s/Mpc. The following table highlights the other present-day values underpinning [1]: 

 

Type w a
3(1+

 
w )

 Energy Density % 

Baryon matter 0 a
3
 3.41E-11 4% 

Cold dark matter 0 a
3
 1.96E-10 23% 

Radiation +1/3 a
4
 7.03E-14 0.00824% 

Curvature -1/3 a
2
 0.00E+00 0% 

Dark Energy -1 a
0
 6.23E-10 73% 

 

Equation [1] is then used to calculate each increment in [da], e.g. 1/100,000, between [a=1] and [a=0]. Therefore, the sum of 

[dt] is used as an approximation of the age of the universe within the limits of the numerical integration used; although it is 

really just the reversed time from ‘NOW’. However, while it appears that a reasonably accurate estimate of the timeline of the 

universe can be made by this method, it should be noted that it is always based on a relative change in the scale factor a(t). As 

such, we do not really have any idea as to how big the universe is currently, although the model can impose a lower limit on the 

size of the observable universe. 

 

Isn’t the universe defined by the speed of light and the age of the universe? 

 

While this is quite a logical starting point, the expansion of the universe leads to a more complex model often described in 

terms of comoving coordinates. However, the basic idea is quite straightforward as it simply defines the change in distance due 

to the expansion of the universe. If we imagine an extreme case of photons arriving on Earth today after travelling for nearly 

13.7 billion years, we might wish to consider the question: 

 

How far away was the original source and how far away it is now? 

 

http://www.mysearch.org.uk/website1/html/495.Expansion.html
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Oscar Wilde  

“The pure and simple truth is rarely 

pure and never simple. 

While the actual calculation is a little involved, the general solution to this problem 

can still be visualised as consisting of 3 parts: 

 

1. If the speed of light [c] is assumed to have been constant throughout the 

timeline of the universe, then we might reasonably assume that the photon has traversed 13.7 lightyears in distance. 

 

2. We also assume that the photon had to have been emitted from its source nearly 13.7 billion years ago, but along the 

way, the distance travelled by the photons must also have been subject to expansion. Therefore, the source must 

have originally been much closer than 13.7 billion lightyears. 

 

3. Likewise, after the photon was emitted, the source would have continued to recede based on the value of the 

Hubble’s constant [H], although this would have continually changed as a function of time. 

 

Actually, the example outlined above is reflective of the journey taken by the photons associated with the Cosmic Microwave 

Background (CMB) radiation, which allows us to calculate the actual physical distances involved. The associated redshift of CMB 

photons arriving on Earth today can be determined, e.g. z=1089, which then allows the scale factor a(then) to be calculated. 

 

[3]       

 

However, the actual calculations and implications of the various cosmic horizons that are defined through this process will be 

discussed in the section entitled ‘Cosmic Horizons’ . 

 

1.3.4.2.4 Model Results 
 

It should probably be highlighted that the full scope of the ΛCDM model is underwritten by more than the energy-density 

model currently being described based of the equation outlined under the heading 'Modelling Friedmann'.  

 

Result Analysis 

Further analysis of the ΛCDM Model can be found under the heading Model Interpretation and Cosmic Horizons plus the 

Cosmic Calculator itself, which is based on the equation described under the heading 'Modelling Friedmann'. 

 

However, in some ways, this extended model would encompass the sum of all the knowledge in dozens of scientific disciplines, 

which goes way beyond the  ability of this website to even summarise, let alone examine in any detail.  

 

Supergravity 

Is a field theory that combines the principles of supersymmetry and general relativity. In this field theory of gravity, 

supergravity requires a spin-2 field whose quantum is the graviton. 

 

So while the diagram below is a poor substitute for all the arguments for, and against, the ΛCDM model, it might provide some 

insight to the scope of knowledge being alluded to: 

http://www.mysearch.org.uk/website1/html/512.Horizons.html
http://www.mysearch.org.uk/website1/html/391.Model.html
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Grand unification 

Refers to unifying the strong and electroweak interaction. The basic problem of "restoring the broken symmetry" 

between the strong and electroweak forces is that the strong force works only on 'coloured' particles and the leptons 

don't have colour. You have to be able to convert quarks to leptons and vice versa. But this violates the conservation of 

baryon number, which is a strong experimental nuclear physics principle. 

 

Colour Force  

A property of quarks labelled 'colour' is an essential part of the quark model. The force between quarks is called the 

colour force. Since quarks make up the baryons, and the strong interaction takes place between baryons, you could say 

that the colour force is the source of the strong interaction, or that the strong interaction is like a residual colour force 

which extends beyond the proton or neutron to bind them together in a nucleus. 

 

Quarks and Leptons  

The quark is the elementary building blocks of matter particles. Three quark combinations are called baryons, which also 

describe protons and neutrons. Leptons are the elementary building blocks of the electrons, muons, and tau particles 

and their associated neutrinos. 
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With the declared limitations of this discussion, we shall start by examining the results of the Javascript program for the specific 

case of CMB radiation, which we have often used as the basis of discussion. As such, the first table below initially reflects some 

of the key parameters of the observable universe in the present era, which we can then use as a basis of comparison. 

 

Current Values: [z=0] 

Scale Factor (a) = 1 Age = 13.7 billion years 

Hubble (H) = 71 km/s/Mpc Acceleration = 9.7E-17 km/s
2
/Mpc 

Energy Density: Relative % & Joules/m
3
: 

Baryons CDM Radiation Lambda 

4% 23% 0.00824% 73% 

3.41E-11 1.96E-10 7.03E-14 6.23E-10 

 

The table below now reflects the same information about the universe when the CMB radiation, we are now receiving with a 

redshift of [z=1089], was originally emitted. The ‘acceleration’ highlighted corresponds to acceleration of expansion, which in 

the present era is thought to be increasing, hence positive value, but was originally decelerating, hence negative value in the 

table below. The cause of this change in the expansion rate is reflected in the % change of dark energy [Λ] as determined by the 

energy-density model. 

 

Values at z=1089 

Scale Factor (a) = 0.000917 Age = 367,600 Years 

Hubble (H) = 1.553E6 km/s/Mpc Acceleration = -4.9E-8 km/s
2
/Mpc 

Energy Density: Relative % & Joules/m
3
 

Baryons CDM Radiation Lambda 

11% 64% 25% 0% 

4.53E-2 2.60E-1 1.02E-1 6.23E-10 

Original Distance to z-source = 4.180E7 Lightyears v/c = 66.51 

Present Distance to z-source = 4.558E10 Lightyears v/c = 3.32 

 

Appended to the table above are the original and present distances to the source that emitted the photons, which we are now 

receiving as CMB radiation, which are calculated to be ~42 million lightyears and 46 billion lightyears respectively. The 

difference between these two distances essentially reflects the expansion of space by a factor of 1089, which corresponds to 

the difference in the scale-factor [a]. As previously explained, while the CMB source was initially only 42 million lightyears at 

+367,600 years, the rate of expansion reflected in the value of [H] was huge in comparison to the present era. As result, the 

path travelled by the photon after it left the source was subject to space expansion that accounts for the light travel time of 

~13.6 billion years given a constant velocity [c]. Of course, by the same argument, the distance between the photon and the 

source was also subject to space expansion, which has now receded to 46 billion lightyears, such that we might consider this 

http://www.mysearch.org.uk/website1/html/401.Calculator.html
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point to be beyond the visible horizon of our universe. Another point of interest is that while this point is now receding away 

from us at 3.32c, it is considerably less than the original recession of 66.51c, which initially led us to the question: 

 

If this point has always been receding faster than [c], how did the photons ever reach us? 

 

The specific answer to this question is addressed in the discussion entitled ‘Cosmic Horizons’ and, as such, will not be expanded 

at this point. So if we now turn our attention to the next table, which shows the end result of the numeric integration of the 

energy-density model, i.e. as [a] approaches zero. 

 

Values at z=99999 

Scale Factor (a) = 0.00001 Age = 1.360E10 years 

Hubble (H) = 6.550E9 km/s/Mpc Acceleration = -1.4 km/s
2
/Mpc 

Energy Density: Relative % & Joules/m3: 

Baryons CDM Radiation Lambda 

0% 3% 97% 0% 

3.41E4 1.96E5 7.03E6 6.23E-10 

 

Again, figures for both the corresponding values of the Hubble constant [H] and the acceleration are provided along with the 

energy density of a universe dominated by radiation, i.e. 97%, even though it is less than 0.01% of today’s energy density. 

However, what might not be immediately obvious from the format of the results shown is the apparent change in the energy in 

a given comoving volume of space based on the energy densities used. Clearly, if this were true, it would seem to question the 

conservation of energy, at least, within the finite scope of our present observable universe. The following results are correlated 

from the energy densities associated with the previous example, i.e. by considering the energy (joules) contained in the 

comoving volume defined by the observable universe at z=0 and z=1090 as shown in the next 2 tables: 

 

NOW: z=0 

Observable radius 4.558E10 lightyears 4.312E26 metres 

Observable volume 3.965E32 lightyears
3
 3.358E80 metres

3
 

Type % Energy Density Volume Energy 

Baryons 4% 3.41E-11 1.145E70 

CDM 23% 1.96E-10 6.581E70 

Radiation 0.00824% 7.03E-14 2.360E67 

Lambda 73% 6.23E-10 2.092E71 

Total 100% 8.53E-10 2.864E71 

 

 

http://www.mysearch.org.uk/website1/html/512.Horizons.html
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THEN: z=1090 

Observable radius 4.180E7 lightyears 3.954E23 metres 

Observable volume 3.059E23 lightyears
3
 2.589E71 metres

3
 

Type % Energy Density Volume Energy 

Baryons 11% 4.53E-2 1.172E70 

CDM 64% 2.60E-1 6.731E70 

Radiation 25% 1.02E-1 2.640E70 

Lambda 0% 6.23E-10 1.612E62 

Total 100% 4.08E-1 1.056E71 

 

As such, we are considering a comoving volume expanding from a radius of 41.80 million lightyears to 45.58 billion lightyears. 

Therefore, we can estimate the change in energy of this comoving volume as follows: 

 

Type Now Then Change 

Baryon 1.145E70 1.172E70 0.977 

CDM 6.581E70 6.731E70 0.977 

Radiation 2.360E67 2.640E70 0.00089 

Lambda 2.092E71 1.612E62 1.297E9 

Total: 2.864E71 1.056E71 2.712 

 

Under expansion, all energy-densities dilute except for the dark energy based on its assumed equation of state. Therefore, 

within the limits of accuracy of the javascript program, the amount of baryon and cold dark matter energy within this expanding 

comoving volume remains essentially unchanged, i.e. 0.977→1, as we would expect. However, the radiation energy falls due to 

the additional (1/a) wavelength expansion factor, but there is a corresponding increase in overall dark energy because its 

energy-density is unaffected by the change in the volume. However, the bottom line appears to be that our comoving volume 

now has more energy by a factor of 2.7 than at the time of at decoupling, i.e. +370,000 years. 

 

It is not clear how this apparent change in energy is explained within the confines of a closed system. However, there are 

suggestions within the scope of the inflation model that our observable universe may exist within a much larger ‘bubble 

universe’, which in-turns exists within a potential infinite quantum universe. 

  

http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html
http://www.mysearch.org.uk/website1/html/505.Evolution.html
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Energy-Densities 

In the present era, the energy 

density is dominated by dark energy 

(73%) followed by cold dark matter 

(23%) and then baryonic matter (4%). 

In contrast, the radiation energy 

density is so low that it might be 

interpreted as zero. However, as the 

timeline is wound backwards, the 

relative energy-density of radiation 

becomes increasingly significant in 

the very early universe. 

1.3.4.2.4.1 Graphical Interpretation 
 

While a 'Javascript program' performs the numeric integration to a higher resolution than a spreadsheet, it is sometimes more 

informative to see the results presented in graphical form as a function of time. First and foremost, it should be possible to 

correlate the graphical results against the cosmic calculator, where the first graph tries to highlight the values of the comoving, 

proper and light travel distances as a function of redshift [z]. 

 
 

However, the remaining graphs plot the time flowing from right to left and might be conceptually thought to extend from near 

the Big Bang through to +24 billion years and, as such, the present-day position is centred in the middle of the horizontal axis. If 

attempting to correlate these results with the cosmic calculator, the time range corresponds to a redshift in the range of  

[z=-0.5..1999] or a scale factor [a=2..0.0005] 

 

http://www.mysearch.org.uk/website1/html/401.Calculator.html
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It is highlighted at the outset that the curves for dark energy and cold dark matter are presented as dotted lines as it is easy to 

forget that both concepts are still speculative at this time. This said, the graph above shows the 4 key components assumed by 

the energy-density model as a relative percentage of the total at any point in time. In the present era, i.e. now, the relative 

energy density is dominated by dark energy (73%) followed by cold dark matter (23%) and then baryonic matter (4%). At the 

present time, the radiation energy density (red curve) is so low that it effectively runs along the horizontal-axis for most of the 

timeline until we approach the decoupling event at +370,000 years, i.e. 0.00037 on the scale above. Therefore, in essence, 

there are 2 phases of expansion that exist to the right of the horizontal axis: 

 

 Inflation Phase: < 1 second 

 Radiation Phase: 400,000 years 

 

On completion of the radiation phase, matter in the form of cold dark matter and normal baryonic matter are the initial 

dominant energy-density components of the early universe. However, the energy density of dark energy is assumed, by 

its equation of state, not to change with expansion, while matter in the form of baryonic and CDM is inversely proportional to 

the relative volume, i.e. 1/a
3
. So, as time passes, the relative energy density of dark energy increases and while it is not directly 

obvious from the first graph above, a crossover point between a universe undergoing acceleration due to negative pressure and 

deceleration due to gravity take place at approximately +7 billion years. This might be described as the start of another `phase 

transition` from a matter-dominated universe to a dark energy dominated universe. 

 

 Matter Phase: 7 billion years 

 Dark Energy: +7 billion years 

 

While the changes in energy density make sense within an expanding universe, given the assumed equation of state of each 

component, it is highlighted that this model does not really appear to explain why this expansion is occurring. To illustrate this 

point, the next graph shows that calculated value of the Hubble parameter [H] as a function of time, which the model anchors 

to the observed value of [H0] in the present era. 

 

 

http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/367.Phases.html
http://www.mysearch.org.uk/website1/html/367.Phases.html
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Phase Transitions 

On completion of the 

radiation phase, matter in the 

form of cold dark matter and 

normal baryonic matter 

become the next dominant 

energy-density components 

of the universe. However, the 

energy density of dark energy 

is assumed, by its equation of 

state, not to change with 

expansion, while matter in 

the form of baryonic and 

CDM is inversely proportional 

to volume. So, as time passes, 

the relative energy density of 

dark energy increases to 

become the dominant 

energy-density of the present 

and future universe. It also 

suggests that the net energy 

of a comoving volume of 

space increases with time, 

which then raises questions 

about the scope of the 

conservation of energy. 

Just by way of reference, the two other curves show the Hubble radius [RH] and the 

Particle radius [PH], which might also be thought to define the boundary of our observed 

universe as a function of time. As indicated above, the present-day value of [H0] is primarily 

determined by observational measurements and therefore it might be argued that 

Friedmann’s equation is not being used to explain the value of [H], but rather to calculate 

the corresponding value of the critical density [ρC] at any point in time. 

 

[1]       

 

So, having established [H0] by measurement, it is equation [2] that allows the value of [H] 

to be calculated, at any point in time, based on the corresponding change in the energy 

densities assumed by this model. 

 

[2]       

 

So while the positive or expansive nature of [H] may appear to be an obvious conclusion 

drawn from observation, what is not obvious is why the Friedmann equation implicitly 

assumes that the value of [H] is positive. In [3], we see both the standard form of the 

Friedmann equation and a normalised form using just the assumed energy-density. 

 

[3]       

 

If anything, the form of [3] would be more suggestive of gravitational collapse or an escape velocity from the implied mass 

[M=ρV] contained with a given volume [V] defined by the radius [r]. Of course, we might also normalise the Fluid equation, 

which then alludes to two expansive components: 

 

[4]       

 

The default direction of expansion is negative, although you might question the physics of this assumption. In essence, the 

default assumption appears to be that the rate of expansion of the universe will slow, presumably due to some gravitational 
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Expansion 

The density of dark energy 

[ρΛ] and its equation of state 

suggests that it would exert a 

‘negative pressure’ that could 

explain the observed 

accelerated expansion of 

space. However, it should be 

noted that the relative 

percentage of dark energy 

would not overcome the 

other components until some 

7 billion years had elapsed. 

effect that requires no centre of mass. However, if we ignore this issue for now, we can see that [4] also contain two 

components that might provide some physical cause of the observed expansion. The first corresponds to spatial curvature [ρK], 

but due to its equation of state, the model assumes that spatial curvature has been essentially flat throughout the scope of this 

model. This only leaves the density of dark energy [ρΛ] and its equation of state does intend to suggest that it would exert 

a ‘negative pressure’ that could explain the observed expansion of space. The only problem with this suggestion is that the 

relative percentage of dark energy would not overcome the other components in [4] until some 7 billion years had elapsed. We 

can possibly illustrate this point by introducing a normalised form of the acceleration equation 

 

[5]       

 

Again, [5] alludes to the possibility that the dark energy [ρΛ] could overcome the effects of the other energy densities, but the 

following graphs shows that this would only occur after 7 billion years, as calculated by the current energy-density model. 

 

 

 

As can be seen in the first graph above, the relative value of the energy density of dark energy is very small in the earlier 

universe, although this relative value does eventually grow by virtue of its equation of state to become the dominant energy 

density in the present era. However, none of the component energy densities and pressures outlined in this model account for 

any initial expansion or how it was maintain for the first 7 billion years. The problem perceived with the current energy density 

model therefore relates to the implied nature of the Big Bang, not as an explosion, but rather the uniform expansion of each 

unit volume of space. In these terms, it is difficult to explain how the `effect` of expansion persisted without some `cause` being 

maintained, e.g. inertia. 
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Are there any alternative, albeit speculative, interpretations? 

 

If we highlight the speculative nature of the following discussion, we might wish to question whether gravity really has any 

overall effect on the observed expansion of space. For example, if we were to assume that the bubble universe, as implied by 

the inflationary model, has no centre of gravity, then the expansion of space within the bubble universe might only be an effect 

caused by the relative pressure of its interior to some exterior defined as the quantum universe. Of course, at this point, it 

should be highlighted that we only have a partial understanding of the physics that exists inside the bubble universe, given that 

our observed universe may only be a very small fraction by volume, and virtual no understanding of the physics of any assumed 

exterior. One final observation of the energy-density model is that our expanding universe is acquiring energy from somewhere, 

which we might present in the following form. 

 

 

 

The second graph of this discussion shows the change in the relative energy-density per unit volume. i.e. joules/m
3
. However, if 

you multiple the total energy-density at any point in time by [a
3
], it will reflect the energy within each comoving volume of 

space. The graph above presents this calculation as a percentage against the present era, i.e. now=100%, and shows the energy 

of each comoving volume of space is increasing with time due to the equation of state of dark energy maintaining a constant 

energy-density under expansion. 

 

So where is this energy apparent increase in energy coming from? 

 

In some respects, the preceding inflation model has already alluded to the possibility that our observable universe may only a 

small fraction of a bubble universe, which in-turn exists in a possibly infinite quantum universe. In this context, our observable 

universe does not exist in a homogeneous system; although it is probably best that we leave such speculative ideas to the 

professional. 

  

http://www.mysearch.org.uk/website1/html/516.Thermodynamics.html#Do_the_Friedmann_equations_really_describe_the_totality_of_the_universe_


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
241 of 392 

 

1.3.4.2.4.2 Plotting the Cosmological Horizons 
 

In all the various discussions that have touched on the ΛCDM model, we have formulated the idea of an ‘observable’ universe, 

which is some smaller part of the unspecified totality of the universe. In so doing, we have alluded to existence of a number of 

‘cosmological horizons’, which we might now consolidate based on a more detailed understanding of the ΛCDM model, i.e. 

 

 Hubble Radius 

 Particle Horizon 

 Event Horizon 

 

Over the last 100 years, the scientific perception of the universe has changed from an essentially infinite-static model to a more 

finite-dynamic model; although the spatial dimensions of the universe may still be infinite for all practical purposes. In an earlier 

description of the ‘Big Bang Model’, the evolutionary timescale of the universe was sub-divided into a number of epoch, which 

were projected out to some 10
100

 years into the future. In comparison to this almost unimaginable time scale, the central era 

called the ‘stelliferous age’ is estimated to last some 100 trillion [10
14

] years; however, it might come as more of a shock that 

most of the observable universe may disappear behind an ‘event horizon’ within a ‘mere’ 100 billion [10
9
] years. 

 

So how does the ΛCDM model come to such a profound conclusion? 

 

Clearly, this prediction of the ΛCDM model is linked to the effect of expanding space, but in order to discuss how this conclusion 

is reached, we need to make use of an earlier model use to described the role of ‘proper distances’ in defining these horizons. 

The following diagram will be our frame of reference for the expansion of space with time: 

 

http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html#Era_
http://www.mysearch.org.uk/website1/html/357.Present.html
http://www.mysearch.org.uk/website1/html/395.Spacetime.html
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Hubble Horizon 

Actually, the nature of this 

horizon will probably be 

refuted as it is not a barrier to 

information into or out of the 

observed universe. However, 

it does represent the 

boundary defined by the 

Hubble radius [c/H] at which 

point the recession velocity of 

expansion exceeds the speed 

of light [c]. 

 

Particle Horizon 

Is the most distant point in 

the 'past' universe that we 

will ever receive photons. 

 

Event Horizon 

Is the most distant point in 

the 'future' universe that we 

will ever receive photons. 

In the example above, [A] and [B] can be considered to be 2 arbitrary points in space, as defined along the horizontal axis, 

which are also shown separated in time along the vertical axis. These 2 points are considered to have no ‘peculiar’ velocity, i.e. 

they are both stationary with respect to the Cosmic Microwave Background (CMB) at all time. Given that the numbers 

presented in the diagram have already been discussed, we shall not justify the values at this point; although subsequent graphs 

will attempt to justify the rationale and consequence of expansion. As illustrated, points [A1] and [B1] start out being spatially 

separated by a proper distance of ~42 million lightyears at +370,000 years of cosmological time. However, by the present era, 

i.e. +13.7 billion years, the proper distance between [A2] and [B2] has grown to be ~46 billion lightyears. This expansion of space 

is reflected in the cosmological redshift [z=1089] associated with photons received at [A2] from [B1] in the present era. 

However, the selection of this particular redshift as a reference point is not arbitrary as it corresponds to a specific event in the 

evolution of the universe, where it became transparent to light. As such, the position of [B], with respect to [A], marks a 

boundary that is labelled as the ‘particle horizon’ . However, in an expanding universe, this boundary has to be considered in 

conjunction with other ‘horizons’ that change dynamically with time, which the following graph now attempts to illustrate in 

more detail: 

 

 
 

Clearly, the graph above contains quite a lot of information, the implications of which may not be immediately obvious and will 

therefore require some explanation. First, the horizontal time axis extends from ~370,000 years to 24 billion years after the Big 

Bang. As such, the present era at ~13.7 billion years after the Big Bang sits about halfway on the horizontal axis, which due to 

limitation of the spreadsheet application is not linear.  



the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
243 of 392 

 

The Shrinking Universe 

One implication of the 

particle and event horizons 

is that the observable 

universe will 'shrink' with 

time under expansion. 

Clearly, the actual physical 

universe is not getting 

smaller, simply the 

percentage of the physical 

universe that can be 

observed. As a consequence, 

in about 100 billion years, all 

the stars and galaxies 

outside our local galaxy, the 

Milky Way, will have 

disappeared. As such, all 

future cosmologists might 

be working to a dead-line! 

As the embedded title of the previous graph suggests, all distance shown are ‘proper 

distances’ which implies the physical distance measured at the time shown on the 

horizontal axis. The legend on the graph alludes to the meaning of the curves shown, which 

is expanded below: 

 

 Hubble Radius [RH]: 

This is green curve, which is defined by the ratio [c/H], where [c] is the speed of light 

and [H] is the value of the Hubble parameter at some specific point in time. As such, 

the Hubble radius or sphere round [A] defines a distance horizon where the perceived 

recession velocity caused by the expansion of space exceeds the speed of light [c]. As 

the early exponential expansion of the universe falls with time, the Hubble radius can 

be seen to converge towards a value of ~16 billion lightyears after 24 billion years; 

although the present-day value is ~13.7 billion years. 

 

 Photon Path/Light Cone:  

This is shown by orange dotted curve, which reflects the path of a photon or the 

future ‘light cone’ of [B], which intersects with [A] after ~13.7 billion years with a 

redshift [z=1089]. This light cone would then continue to move away from [A], hence 

the negative measure of distance, but would also imply a negative redshift with 

distance.  

 

 Particle Horizon [PH]:  

While the trajectory of any photon [z=1089] travelling from [B1] to [A2] is described by the curve above, the proper 

distance of the source, i.e. [B], is described by the blue curve as a function of time. By comparing the position of [B] 

relative to the Hubble radius, at any point, there is the implicit implication that the recession velocity of [B], relative to [A], 

always exceeds [c]. However, the light cone associated with [B], as described above, shows that photons from [B1] do 

eventually reach [A2]. However, photons with a redshift [z=1089] are also associated with the ‘ decoupling’ event of the 

universe, i.e. it is the point that the universe becomes transparent to light after just 370,000 years. As such, the blue curve 

is also said to define the ‘particle horizon’ of point [A], which is the most distant point in the universe that [A] will ever 

receive photons.  

 

 Event Horizon: 

In an expanding universe, the statement above regarding the ‘particle horizon’ needs to be qualified in respect to the 

‘event horizon’ shown by the red curve. In practise, it is the ‘event horizon’  that defines the most distant point in the 

universe from which we will ever received photons from any point from any point in time [t] until the end of time [tend]. 

Therefore, the point that the particle horizon crosses the event horizon is also the point that the original source of the 

[z=1089] photons, being received in the present era, disappears from the observable universe of [A]. This cross-over point 

is expanded in the next graph. 

http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:
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While the proper distances are possibly more intuitive in that they represent the actual distance measured between 2 points at 

some single point in time, the practicality of making such measurements over such huge distances is essentially conceptual. 

Therefore, there is some advantage in rationalizing the distance measurements back into comoving distances. In essence, the 

comoving distance correspond to the proper distance, when divided by the scale factor, which can sometimes bring an 

additional clarity to the trend of the data over such vast distances and time, as the next graph attempts to show: 
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The graph above, based on comoving distance, is still based on the same ΛCDM assumptions used to calculate the proper 

distances shown in the previous graphs. Again, we see the cross-over point of the particle and event horizon taking place after ~ 

3.9 billion years, plus a more obvious peak in the Hubble radius after 7.1 billion years. This maxim of the Hubble radius on the 

graph above corresponds to the point in the universe where the expansion begins to accelerate due to the effects of dark 

energy becoming dominant. However, the key inference of the graphs above is summed up in the following question: 

 

How big is the universe? 

 

As indicated before, the ΛCDM model cannot tell us how big the universe is in absolute terms, as the model only resolves 

relative expansion with time. However, we can address the question above within the limitations of the ‘observable’ universe as 

a function of time. In this context, the particle and event horizons may be thought of the past and future cosmological horizons 

with respect to any point in the physical universe, e.g. [A]. As the particle horizon expands with time, [A] receives more 

information from the past, up to the point of decoupling, while in the future an ever-increasing amount of information is lost to 

[A] behind its future event horizon. As such, the model predicts that the view of the universe from any point will diminish in 

scope over vast eons of time. 

 

1.3.4.2.4.3 Cosmic Calculator 
 

This cosmic calculator is written in javascript and based on an Energy-Density Model, see link for details. However, if new to the 

ideas being presented below, see Model Results for some background of the data. In essence, the calculator results are 

displayed in the 3 tables below, where the first table corresponds to the present era, hence the scale-factor value [a=1]. The 

second table shows the calculated values for the redshift [z] value entered via the inset right.  The third table presents a view of 

the change in energy per comoving volume, which is explained below. 

 

 

Data for Present Era: 

Energy Density % Joules/m
3
 

Scale Factor (a)=1 

Redshift (z)=0 

Timeline = 1.37e10 years 

Hubble (H) = 71 km/s/Mpc; 

Acceleration = 9.7e-17 km/s
2
/Mpc; 

Baryon 4 3.41e-11 

CDM 23 1.96e-10 

Radiation 0.00824 7.03e-14 

Lambda 73 6.23e-10 

Total 100 8.53e-10 

 
 

 

 

Note:  

Broadly, the results being forwarded in this section align with other 

cosmological calculators to be found on the Internet, e.g. Ned Wright's. 

 

Conversions: 

Mega-parsec (Mpc) 

1Mpc=3.07*10
22

 metres  

1Mpc=3.26*106 lightyears 

http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/510.Results.html
http://www.astro.ucla.edu/~wright/CosmoCalc.html
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Data for Input Redshift: 

Energy Density % Joules/m
3
 Scale Factor (a)=0.000917 

Redshift (z)=1089 

Timeline = 3.68e5 years 

Hubble (H) = 1.553e6 km/s/Mpc; 

Acceleration = -4.9e-8 km/s
2
/Mpc;  

 

Proper Distance = 4.180e7 Lightyears; 

Recessional v/c = 66.51  

Comoving Distance = 4.558e10 Lightyears; 

Recessional v/c = 3.32 

Baryon 11 4.53e-2 

CDM 64 2.60e-1 

Radiation 25 1.02e-1 

Lambda 0 6.23e-10 

Total 100 4.08e-1 

 
 

Data for Energy Comparison 

Redshift Energy-Density Scale [a] Joules/m
3
*a

3
 % Change 

0 8.53e-10 1 8.53e-10 100 

1089 4.08e-1 0.000917 3.15e-10 36.9 

 

The calculator is primarily driven by the value of the redshift [z] entered through the input panel on the right, where [z] has a 

normal range between [0 to 9999] corresponding to source events in the past. However, negative values of [z] are permissible 

in the range [0 to -0.99], which when transposed into a corresponding scale-factor [a=1/1+z] might be interpreted as a 

reflection of future expansion. All the tables presented above are discussed in more detail under the link 'Graphical 

Interpretation' so the following is only by way of a quick introduction. While the Hubble [H] parameter and the relative energy-

density of each component of the model can be changed, the defaults are generally reflective of the accepted values. 

Therefore, it might be more useful to focus on the limits of the redshift [z] ranges outlined above. 

 

 z=0: In this case, the result in the second table will simply mirror those displayed in the first table. However, it might 

be worth clarifying that the real role of [z] is primarily to specify a point in spacetime from which light is being 

received in the present era from which the original (proper) distance and the current (comoving) distance can be 

calculated. 

 

 z=1.46: This value is highlighted because the recessional velocity of the source is approaching and will subsequently 

exceed the speed of light [c]. Again, the implication of an apparent superluminal velocity is discussed several section, 

which can be found by doing a 'search' on this key word. 

 

 z=1089: This is the default value calculated and displayed in the second table, which corresponds to the present-day 

value of the Cosmic Microwave Background (CMB) radiation, which has been used as a reference example throughout 

this entire section on Cosmology.  

 

http://www.mysearch.org.uk/website1/html/511.Interpretation.html
http://www.mysearch.org.uk/website1/html/511.Interpretation.html
http://www.mysearch.org.uk/website1/html/414.SiteSearch.html
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/332.Cosmology.html
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 z=9999: It should be noted that z=1089 defines the limits of the observable universe due to the opaque nature of the 

universe to light prior to 'decoupling'. Therefore, the usefulness of values displayed are primarily in that they show 

how radiation was initially the dominant component in the early universe. 

 

 z=-0.5: This value is possibly best interpreted in terms of its corresponding scale-factor [a=2]. Due to the accelerated 

expansion caused by equation of state of dark energy, our universe will double its present-day size after 24 billion 

years along a timeline, which conceptually started with the 'Big Bang'. 

 

 z=-0.99: The upper limit of [z=-1] would correspond to an infinite expansion. The current value being discussed 

corresponds to a scale-factor [a=100], which would be reached after 86 billion years. However, the reality of our 

future observable universe will ultimately be defined by its 'cosmological horizons' at that time. 

 

The third table is a speculative interpretation of the total energy-density shown in tables 1 and 2, which respectively 

correspond to the present era and some point along the expanding timeline defined by the input redshift [z]. By multiplying the 

energy-density figure by the comoving volume [a
3
], we obtain a relative value of the energy contained within an expanding 

volume. The calculations are finally presented as a '% change' in the energy and suggests that the total energy is increasing due 

to the equation of state of dark energy, because its energy-density does not change under expansion - see 'Graphical 

Interpretation' for more details. 

 

1.3.5 Summary-3: The Purpose of Science 
 

The name of this website ‘Mysearch’ effectively embodies its 

purpose, i.e. it represents a personal journey of self-learning and 

reflection of my own ‘worldview’. As such, there was never an 

intention to allude to any ‘weight of authority’, a point that may 

be self-evident to those with a deeper understanding of any of the 

issues discussed. In this process, misunderstanding of accepted 

science will have undoubtedly occurred, but if learning is not to 

become the rote acceptance of facts, then you must also accept 

that you will run up against the limits of your ability to understand 

certain concepts; especially given limited time and access to 

information. In this context, the field of cosmology can be 

particularly problematic in that it is based on so much speculation 

that even the experts do not always seem to agree. Therefore, it 

will simply be stated that the previous discussion of cosmology 

was an honest attempt to address my own ‘duty of inquiry’  by reviewing as much basic science as possible and to highlight 

those issues that seemed to exceed the ‘ limits of inference’ and, in so doing, had to be classed as unverified speculation. 

 

But why were so many of the discussions based on classical Newtonian concepts rather than general relativity? 

 

Well, even ignoring the additional complexity that general relativity brings to the subject of cosmology, from a learning 

perspective; it is easy to lose sight of the fundamental physics within the abstraction of its mathematics. There is also the 

http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:
http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/512.Horizons.html
http://www.mysearch.org.uk/website1/html/515.Assumptions.html#energy_graph
http://www.mysearch.org.uk/website1/html/511.Interpretation.html
http://www.mysearch.org.uk/website1/html/511.Interpretation.html
http://www.mysearch.org.uk/website1/html/1.Home.html
http://www.mysearch.org.uk/website1/html/5.Worldviews.html
http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/235.Accepted.html
http://www.mysearch.org.uk/website1/html/235.Accepted.html
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implicit suggestion that the results of general relativity and Newtonian physics should converge in the presence of a weak 

gravitational field - see Effective Potential for a comparison. So within the context of the homogeneous energy-density of the 

current universe, it is unclear why the results should be so different; especially if the centre of gravity issue is equally 

problematic to both models, i.e. curvature versus gravitational force . The following extract is taken from the paper entitled 

‘ Cosmology Calculations almost without General Relativity’ and might also be cited in support of the validity of a ‘classical 

approximation’ when presenting conceptual ideas for the first time: 

 

The Friedmann equation is derived for a Newtonian universe. Changing mass density to energy density gives exactly the 

Friedmann equation of general relativity. Accounting for work done by pressure then yields the two Einstein equations 

that govern the expansion of the universe. Descriptions and explanations of radiation pressure and vacuum pressure are 

added to complete a basic kit of cosmology tools. It provides a basis for teaching cosmology to undergraduates in a way 

that quickly equips them to do basic calculations. 

 

However, while the results of the ΛCDM model, as described in this website, appear to align to the generally accepted results 

produced by various ‘Cosmic Calculators’, it remains unclear how certain interpretations of expanding space have been justified 

within the scope of the standard model. At one level, the accepted description of expansion is very clear that, despite its name, 

the Big Bang cannot be described in terms of the physics of an explosion. Rather the model appears to require the uniform 

expansion of each unit volume of space, which then rationalizes the apparent superluminal recessional velocities predicted 

by Hubble’s Law. 

 

So what physics is actually said to describe the expansion of space? 

 

In the very early quantum universe, the inflation model suggests that an energy-density, in the form of a scalar field, accounted 

for the exponential expansion of space, at least, for a fraction of the 1
st

 second of existence. Then, after some 7 billion years, 

the ΛCDM model then attributes the accelerated expansion of space to the negative pressure of dark energy. So, in both these 

cases, there appears to be a specific cause driving expansion, but in between these two effects, space is often assumed to have 

continued to expand due to the ‘inertia of space’ . 

 

Is this a fully rational description of the mechanism of expansion? 

 

This is an open question, although it was suggested that the description appears to be more of a rationalization of the effect 

rather than a description of the cause. Of course, more advance models, which fully account for general relativity, may be able 

to rationalize the case for the inertial expansion of space; although they would presumably have to rationalize this description 

in terms of the spatial curvature of the universe, which the ΛCDM model assumes to be flat. So, with these issues tabled, but 

unresolved, the remainder of this summary will again attempt to reflect on some of the wider, and possibly more philosophical, 

implications of cosmology, e.g. 

 

What is the nature of the universe? 

 

At this point, philosophers and theologians might both argue that they has as much right to speculate as science, which leads to 

the question implied in the title of this summary: 

 

http://www.mysearch.org.uk/website1/html/281.Potential.html
http://www.mysearch.org.uk/website1/pdf/513.0309756v4.pdf
http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/401.Calculator.html
http://www.mysearch.org.uk/website1/html/397.Expansion.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/340.Hubble.html
http://www.mysearch.org.uk/website1/html/355.Quantum.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
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What is the purpose of science? 

 

One position might be that the purpose of science should not seek to debate the nature of 

the universe, only to impartially separate fact from fiction within the constraints of what is 

known and  what is verifiable. However, this is a somewhat idealistic position that ignores 

the fact that scientists are also a part of society in which they try to promote and defend 

their specific worldview. As the previous discussion of cosmology has highlighted that 

the premise of much of modern science now appears to be dependent on a ‘belief’ in 

mathematically abstract models, which at face value might not appear to be so different to 

those who put a priority on their  philosophical or religious beliefs rather than science. Of 

course, the implication of this perception also needs to be questioned and not just 

accepted: 

 

So what do worldviews really have to do with the purpose of science? 

 

As stated on several occasions throughout this website, science does not exist in a vacuum, divorced from all other human 

activities and peer pressure. In this context, history would suggest that it was the role of a science-led worldview that proved 

critical to the evolution of human society. However, as the 21
st

 century progresses, the purpose of science may well determine 

not only the evolution of human society, but of humanity itself. It is realized that to some this may appear as a rather overly 

melodramatic statement, more reflective of philosophical musing than hard science. 

 

So what has the development of cosmology got to do with our worldview? 

 

Historically, we may cite the impact of the works of Copernicus, Galileo, Newton and Einstein, where each successive discovery 

led to a fundamental shift in the perception of humanity’s position in the cosmos. However, these discoveries also caused a 

fundamental shift in our understanding of the nature of the universe, i.e. 

 

 From a static universe designed by God to meet the needs of humanity 

 To a dynamic universe driven by quantum probability in which humanity’s existence cannot be guaranteed, let alone 

explained. 

 

Within this changing perspective, humanity’s initial and tentative exploration of space has only seemed to confirm the fragility 

of the human condition to survive beyond the confines of ‘Mother Earth’. While, at the same time, the eco-sciences have been 

sounding the alarm bells by raising doubts about humanity’s long-term prospects here at ‘home’. If we add to this mix, the 

subliminal message of special relativity, i.e.  that the distance to and between the stars may prove to be an insurmountable 

hurdle, given the technical problems of reaching anything like light speed, then any optimism within the scientific worldview, as 

understood by society at large, may begin to quickly evaporate as the 21
st

 century ‘progresses’ towards an ever more uncertain 

future. It is realized that this may seem a somewhat alarmist viewpoint to be making within what purports to be a discussion of 

cosmology, but the relevance of some of these statement might be set against the following quote by William K. Clifford: 

 

"The danger to society is not merely that it should believe wrong things, though that is great enough; but that it should 

become credulous, and lose the habit of testing things and inquiring into them, for then it must sink back into savagery. 
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http://www.mysearch.org.uk/website1/html/418.Perspectives.html
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It may matter little to me, in my cloud-castle of sweet illusions and darling lies; but it matters much to Man that I have 

made my neighbours ready to deceive. The credulous man is father to the liar and the cheat." 

 

Although, Clifford wrote these words over 100 years ago, the ‘danger to society’ is possibly even greater if society, as a whole, 

loses ‘faith’ in science to solve real world problems. The implication of the previous statement might be seen in the words of 

Edward De Bono: 

 

The purpose of science is not to analyze or describe but to make useful models of the world.  

A model is useful if it allows us to get use out of it. 

 

Within this expanding discussion, we might possibly reflect on two key implications, which might be associated with 

developments within cosmology. First, we might recognize the role of cosmology in helping provide humanity with a better 

perspective of its ‘true position’ in the cosmos, both physically and metaphysically. As a result, those who accept this position 

may have already come to the 'conclusion' that just pinning humanity’s future on the ‘belief’ of divine intervention might not be 

the best course of action. Second, it highlights a potential danger of science becoming too preoccupied with mathematical 

abstraction without the necessary or, in some cases, any recourse to empirical verification. As such, there is a danger that 

science comes to believe its own marketing hype and moves too far towards the ‘belief of’ rather than the ‘substantiation of’ 

facts. 

 

But what has all this really got to do with the future of humanity? 

 

In some ways, by extrapolating some of the issues within cosmology, we seem to also go to 

the very heart of the question about the purpose of science. For example, at the beginning of 

the 20
th

 century most scientists believed the universe was a static system, but now 

cosmology has come to understand the cosmos in terms of it being a dynamic system, subject 

to constant change. In a similar timeframe, most scientists would have initially described 

planet Earth in terms of a stable ‘balance of nature’, while today there is a much clearer 

recognition of the complexity and potential instability of a multitude of feedback loops within 

what is now described as an ‘ecology system’. Through this understanding, science has 

changed the worldview of many, and not necessarily in a positive way, such that many may 

now ‘believe’ that ‘Mother Earth’ has no predisposition towards humanity’s continued 

existence and that the ‘nature of the universe’ may be positively hostile towards any further 

expansive incursion into the cosmos by humanity, at least, in its current form. As such, the 

initially ‘faith’ of the 20
th

 century in science to solve all the world’s problems may begin to 

evaporate within 21
st

 century, if science cannot meet the challenges of the ‘brave new world’. 

 

So what is the future of science and humanity? 

 

This question is simply tabled at this point, as clearly any answer would have to be predicated on as much speculation. 

However, it might be suggested that the eventual outcome may actually depend on how future generations come to define the 

‘purpose of science’ and the subsequent direction humanity decides it wants to, or possibly forced to, go. 
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Douglas Adams 

Far out in the uncharted backwaters of 

the unfashionable end of the western 

spiral arm of the Galaxy lies a small 

unregarded yellow sun. Orbiting this at 

a distance of roughly ninety-two 

million miles is an utterly insignificant 

little blue green planet whose ape-

descended life forms are so amazingly 

primitive that they still think digital 

watches are a pretty neat idea. 

1.4 Cosmic Speculation 
 

Within the structure of the Mysearch website, this section of discussions is 

positioned under the heading of Speculative Science. However, in the 

context of collating the work related to cosmology into a PDF file, it seems 

to make more sense to include the discussion of various speculative ideas 

associated with cosmology within one file. Of course, it is up to the reader 

to decide whether some of these ideas exceed the ‘limits of inference’ any 

more than some of the ideas associated with the ‘concordance model’, 

which possibly more representative of mainstream consensus. 

 

In the context of speculative science, it seems reasonable to use cosmology as a 

framework of ideas that can overlap many fields of science. However, in the main 

review of cosmology, some attempt was made to constrain the discussion within 

the scope of what might be called the accepted Big Bang theory. However, based on the previous discussion ‘The Scope of 

Speculation’ the foundations of this theory may still be quite speculative, if judged by the traditional concept of verified science. 

 

 
 

Equally, it might be argued that some aspects of the Big Bang model might now be struggling to keep up with acquisition of 

observational data and the apparently never-ending influx of new ideas from the field of theoretical physics. 

 

So what is the status of the Big Bang model? 
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Carl Sagan  

For me, it is far better to grasp the 

Universe as it really is than to persist in 

delusion, however satisfying and 

reassuring. 

Timothy Ferris 

We live in a changing universe, and few 

things are changing faster than our 

conception of it. 

Lord Tennyson 

For I dipped into the Future, far as the 

human eye could see; saw the vision of 

the world, and all the wonder that 

would be. 

In its original form, the Big Bang model was thought to have expanded from a 

singularity of infinite density and zero volume. As such, this singularity was 

perceived to represent ‘everything’ such that there could be no concept 

of ‘anything’ existing outside the singularity. Therefore, by definition, the 

subsequent expansion of this singularity had to contain the essence of 

‘everything’ that has or could ever exist in space and time, i.e. the cosmic 

singularity was the universe in its entirety. However, despite the magnitude of its scope, this original model appears to have 

been predicated on a quite simple assumption, i.e. the universe could not be static system, if it conformed to the ideas of 

general relativity. In essence, the original Big Bang purported to be a gravitational model, which was essentially anchored in the 

observation of the present-day universe and then reversed in time, analogous to a gravitational collapse back towards some 

point of infinite density, i.e. the moment of creation. 

 

So what changed? 

 

Well, first of all, there appeared to be no rational mechanism that explained the 

expansion of the universe, such that it would end up in the homogeneous and 

isotropic state observed today. For despite its name, the Big Bang expansion of 

the universe could not be described as an explosion from a single point in space 

and time, but rather it appeared to represent the uniform expansion of space as 

a function of time, although the actual process by which space expanded remains a debatable concept to this day. However, 

putting this issue to one side, a more sophisticated energy-density model began to emerge in the early part of the 20
th

 century, 

which rested on the formulation of the ‘Friedmann equations’. These equations utilized the physics of Newtonian mechanics, 

general relativity and thermodynamics to try to explain the expansion of the universe in terms of its energy-density and 

pressure. However, it had one critical problem, i.e. it did not really fit with the increasingly sophisticated data being amassed by 

astronomical observations related to the Cosmic Microwave Background (CMB). 

 

So has the Big Bang model been rejected? 

 

From the perspective of today’s world, we might drawn an analogy with the 

current global financial crisis in which a major bank might be described as an 

institution that has become ‘too big to fail’. So while the name of the institution 

may be retained for the reassurance of the general public, its underlying 

processes are forced to undergo radical reform to better meet the challenges of a 

brave new world. We might generalize a similar change to the original Big Bang 

model in terms of two sub-models: 

 

 The Inflation Model 

 The Λ-CDM Model 

 

These models are sometimes collectively known as the ‘Concordance Model’, which has already been reviewed. However, for 

the purpose of this discussion, we shall continue to consider them as providing a two-staged process. The first stage starts with 

the inflationary model anchored in the idea of some sort of quantum scalar field; while the second stage transitions from the 
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extremely short-lived inflationary period into an energy-density (ΛCDM) model, which is now predicated on two further 

speculative ideas: 

 

 Dark Matter 

 Dark Energy 

 

Again, the links above can be used to reference earlier discussions, but the key point to note is that the ideas associated with 

quantum scalar fields, dark matter and dark energy all remain highly speculative ideas, which essentially exist outside any 

verified model of particle physics. However, in practice, there are a myriad of different and often opposing hypotheses that this 

section of discussions cannot even really begin to address. Therefore, the goal of the following discussions will simply try to 

focus on just a few ideas that appear representative of the challenges to the general model, which have often been forwarded 

by theoretical physicists, who are well respected in their field of expertise. 

However, the next discussion will begin by presenting a possibly more 

sobering assessment of human achievement in space exploration, which might 

be considered as a yardstick against which verified science could/should be 

assessed. 

 

1.4.1 A Brief History of Space Exploration 
 

Before embarking on some more cosmic speculation, there may be some 

benefit in reflecting on the scope of both manned and unmanned space 

exploration. 

 

1.4.1.1 Category-1 
 

In many respects, this first category of space exploration had little to do with 

science, as it may be argued that its purpose was mainly driven by the political 

rivalry between the US and Russia: 

 

 Sputnik was the first artificial satellite launched, by Russia, into an 

elliptical low Earth orbit on 4 October 1957.  

 

 The first human-made object to reach the surface of the Moon was the Russia Luna mission on 13 September 1959  

 

 Yuri Gagarin (1934–1968) was the first human to journey into outer space, when his Russian Vostok spacecraft completed 

an orbit of the Earth on 12 April 1961.  

 

 Alan Shepard (1923–1998) was the second person, and the first American, to travel into space on 5 May 1961.  

 

 The US Apollo 11 was the first manned mission to land on the Moon on 20 July 1969. There have been six subsequent 

manned landings, between 1969-1972, and numerous unmanned landings. However, the last soft landings on the Moon 

was in 1976. 

http://www.mysearch.org.uk/website1/html/383.Dark%20Matter.html
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Human Scale 

The width of a human hair is about 

0.007 of an inch. The circumference of 

planet Earth is 24,901 miles. The 

distance to the Moon is 238,857 miles. 

The distance to the Sun is 93,020,000 

miles. 

Cosmic Scale 

1 lightyear is equivalent to 5.88*10
12

 

miles. The nearest star is 4.3 lightyears. 

The diameter of our local galaxy, the 

Milky Way, is about 100,000 lightyears. 

Distance to the near galaxy, 

Andromeda, is about 2.5 million 

lightyears. The radius of the visible 

universe is estimated to be 13.7 billion 

lightyears. The size of the universe is 

unknown and possibly infinite. 

1.4.1.2 Category-2 
 

While the second category was also initially funded by the political rivalry 

between the US and the  former Soviet Union, the eventual development of the 

International Space Station became to reflect a more cooperative understanding 

that started to focused more on scientific discovery and the practical issue of 

cost reduction. 

 

 Skylab was a space station launched and operated by the US, which orbited 

the Earth from 1973 to 1979. Three manned missions to the station then 

followed between 1973-74. Finally, Skylab re-entered Earth's atmosphere 

and disintegrated, in 1979, with debris striking portions of Western 

Australia.  

 

 The Russian space station ‘Mir’ operated in low Earth orbit from 1986 to 

2001. The Mir space station was the first long-term inhabited research 

station and held the record for the longest uninterrupted human presence 

in space, at 3,644 days, until 23 October 2010, when surpassed by the 

International Space Station. However, Mir was occupied for a total of twelve 

and a half years of its fifteen-year lifespan with the capacity to support a 

resident crew of three.  

 

 The International Space Station (ISS) is a habitable artificial satellite in low Earth orbit. It follows the earlier developments 

of the  Salyut, Almaz, Skylab and Mir space stations as the ninth to be inhabited and was launched in 1998. The original 

purpose of the IIS was as a laboratory, observatory and factory in space plus become a staging post for future missions to 

the Moon, Mars and asteroids. Later, in 2010, the US revised its role to include commercial, diplomatic, and educational 

purposes. 

 

1.4.1.3 Category-3 
 

Strictly speaking the third category of unmanned research and exploration probes has existed from the first days of space 

explorations. As an approximation, there have been about 4000 launches, some carrying multiple payloads, with the probability 

that several hundred are still active. However, these satellites and probes were used for a large number of purposes, which 

included military, commercial and scientific applications. However, we shall simply sub-divide this section into the scientific 

missions to explore of the inner and outer planets. 

 

 The Sun:  

The central focus of the solar systems is a star, which we call the Sun. However, given its extremely hostile environment, 

there are no plans to physically explore the Sun and so all observations have to remain at a safe distance. Of course, one of 

the reasons for going into space was always to learn more about the physics of the Sun. For once above the Earth’s 

atmosphere, and more importantly its magnetic field, astrophysicists could begin collect data regarding the Solar wind plus 

the infrared and ultraviolet radiation, which normally does not reach the Earth’s surface.   
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While the Sun is normally described in terms of a nuclear fusion process, there are still many aspects of its internal and 

external temperature distribution, which needs to be understood. In this respect, later discussions will describe the Sun in 

terms of a plasma, which extends into space by virtue of its huge electric and magnetic fields. As such, the Sun is thought 

to be responsible for most of the ‘space weather’ in the solar system, which can affect power generation and transmission 

systems on Earth plus interfere with, and even damage, satellites and space probes.  

 

 Mercury:  

Due to its proximity to the Sun, Mercury remains the least explored of the inner planets. To-date, Mariner (1975) and 

Messenger (2011) are the only satellites to have made close observations of Mercury.  

 

 Venus:  

Despite its hostile surface environments, Venus has had more ‘lander’ mission than any other planet in the solar system, 

most being Russian in origin. However, the first successful fly-by was the US Mariner 2 spacecraft  in 1962. In 1967, Venera 

4 was the first probe to enter and examine the atmosphere of Venus. In 1970, Venera 7 became the first successful lander 

to reach the surface of Venus and, by 1985, it had been followed by eight additional successful Russian landers, which 

provided images and other direct surface data. However, later missions were able to map the surface of Venus from space 

using radar to pierce the obscuring atmosphere.  

 

 Earth:  

As indicated above, there are probably several hundred satellites in Earth orbit, which provide a range of research data, 

which might otherwise be impossible to collate from the surface. For example, the existence of the Van Allen belts was 

unknown until their discovery by the first artificial satellite as the radiation was masked by Earth's magnetic fields. 

However, these satellites have also contributed to the understanding of Earth-based phenomena, e.g. holes in the ozone 

layer. 
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 Moon:  

Given its relative proximity to Earth, i.e. 384,400km or 238,857 miles, the Moon has been the focus of the most 

exploration and, at this point, it remains the only remote celestial object ever to be ‘visited’  by humans, although not 

necessarily physically explored in any comprehensive fashion.  

 

 Mars:  

Beyond the Moon, Mars is now possibly the next target of human exploration of the solar system.  Literally dozens of 

robotic spacecraft, including orbiters, landers and rovers, have been launched toward Mars since the 1960s. These 

missions were aimed at gathering scientific data about the evolutionary history of Mars  and has culminated in the recent 

landing of the Mars rover, called Curiosity, on 6 August 2012.  

 

 Asteroids and Comets  

Several asteroids have now been visited by probes, the first of which was Galileo that flew past two asteroids in 1993. The 

first landing on an asteroid was performed by the Shoemaker probe in 2000 following an orbital survey of the object. 

While many comets have been closely studied from Earth, only a few comets have been visited. The first comet fly-by took 

place in 1985, while the Deep Impact probe smashed into the comet ‘9P/Tempel’ in 2005 in order to learn more about its 

structure and composition. The Philae lander will attempt to land on a comet in 2014. However, the Japanese developed 

an unmanned probe to return a sample of material from a small near-Earth asteroid for further detailed analysis. The 

probe was launched in 2003, arrived at the asteroid 2005, where it studied the asteroid's shape, spin, topography, colour, 

composition and density. The probe returned to Earth in 2010. However, despite accumulating considerable data, there is 

much about asteroids and comets that is still not really understood.  

 

 Jupiter  

A number of probes have visited Jupiter since 1973. The majority of these probes were actually ‘fly-bys’ in that the probe 

did not attempt to land or even enter orbit. The Galileo probe is the only one to have orbited the planet and as Jupiter is 

assumed to have only a small rocky core and no real surface below thousands of miles of crushing atmosphere, an actual 

landing on its ‘surface’  would be nearly impossible. However, Jupiter has over 60 moons, although only a little information 

is known about most of them.  

 

 Saturn  

Again, many of the probes consist of fly-bys, such as Pioneer 11 in 1979, Voyager 1 in 1980, Voyager 2 in 1982 and the 

orbital mission of the Cassini-Huygens probe, which entered orbit in 2004 and is expected to continue its mission well into 

2012. Saturn also has over 60 moons, although the exact number is debatable since Saturn's rings are made up of vast 

numbers of independently orbiting objects of varying sizes. The largest of the moons is Titan, which appears to have an 

atmosphere denser than on Earth. The Cassini-Huygens craft actually consists of a main spacecraft and the Huygens probe, 

which landed on the Titan moon in 2005.  

 

 Uranus  

The exploration of Uranus is based solely on the Voyager 2 fly-by. The closest approach to Uranus occurred on 24 January 

1986, which allowed  some study of the planet's atmosphere and magnetosphere. Voyager 2 also examined its ring system 

and the previously known moons of Uranus, while discovering an additional ten previously unknown moons.  
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 Neptune  

The exploration of Neptune is limited to a Voyager-2 flyby in 1989. From the data collected, it appears that Neptune has 

visible clouds, auroras, and even a anti-cyclone storm system comparable to Jupiter's small spot. However, Neptune may 

have the fastest winds of any planet in the solar system, measured as high as 2,100 km/h. Voyager 2 also discovered 900 

complete rings and additional partial rings around Neptune and 5 additional moons to the 3 previous known.  

 

 Pluto  

The Pluto was re-classified as a dwarf planet after the IAU redefined the definition of a ‘planet’ in 2006. While Voyager-1 

might have ‘visited’ Pluto, a close flyby of Saturn's moon Titan by Voyager-2 was preferred, which then ruled out a 

subsequent Pluto fly-by. 

 

1.4.1.4 Category-4 
 

We might classify the Voyager probes in another category that has extended the physical exploration of space beyond the 

bounds of our solar system. As indicated, the main purpose of the Voyager probes was as twin mission to explore the giant 

outer planets in the solar system. Despite the numeric numbering, Voyager-2 was actually launched first on 20 August 1977, 

followed by the launch of Voyager-1 sixteen days later on 5 September 1977. While the both missions were considered 

successful, both Voyagers continue their journeys into deeper space to this day. Currently, Voyager-1 is about 17.5 billion 

kilometres from Earth, while Voyager-2 is about 14 billion kilometres from Earth, such that we might say they are now 

journeying into interstellar space, i.e. outside the main planetary system. Technically, Voyager 1 and 2 are now in the 

‘Heliosheath’, which is the outermost layer of the ‘heliosphere’ of the solar system, where the Sun’s solar wind is slowed by the 

pressure of interstellar gas. However, both spacecraft are still sending scientific information about their surroundings through 

the Deep Space Network and will continue to represent the limits of space exploration for the foreseeable future. 

 

1.4.1.5 Category-5 
 

In part, the previous categories have attempted to summarise both the manned and unmanned limits of  physical space 

exploration. However, we might want to quantify the extent of manned and unmanned exploration in terms of an astronomical 

measure of distance, i.e. the light-year and light-second. To-date, the limit of manned exploration extends to the Moon and 

represents a distance of little over 1 light-second, while the unmanned Voyager-1 has extended the exploration of space out to 

some 58,400 light-seconds or about 16 light-hours. However, converting the Voyager-1 distance to light-years is a bit more 

humbling as it represents just under 2/1000th of a light-years, which we might then compare to the size of our local galaxy, i.e. 

the Milky Way, at some 100,000 light-years in diameter or the radius of the visible universe, characterised in the order of some 

13.7 billion light-years. So while the manned and unmanned exploration of space may have provided much practical data in 

terms of the geology and evolution of our solar system, this data must only represent a very small percentage of the 

understanding required to describe the cosmological universe. 

 

So what data supports the cosmological models under discussion? 

 

The amount of cosmological data has dramatically increased over the last 20-30 years due to the development of increasingly 

sophisticated telescopes, detectors and satellites. In addition, the efficient handling of new data amounting to terabytes per 

day has required, not only a huge increase in computer power, but also the development of sophisticated software algorithms 
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to perform the required analysis. While there are many hundreds of sources of data in terms of ground-based telescopes and 

detectors, the following are possibly the primary source of new data, which has allowed the exploration of space to be 

extended out into the cosmos at large. 

 

 The Infrared Astronomical Satellite (IRAS) was the first-ever space-based observatory to perform a survey of the entire sky 

using infrared wavelengths. It was launched in 1983 and its mission lasted ten months.  

 

 The COBE satellite was developed by NASA to measure the diffuse infrared and microwave radiation from the early 

universe. It was launched in 1989 and carried three instruments: 1) Diffuse Infrared Background Experiment (DIRBE) to 

search for the cosmic infrared background radiation, 2) Differential Microwave Radiometer (DMR) to map the cosmic 

radiation sensitively and 3) Far Infrared Absolute Spectrophotometer (FIRAS) to compare the spectrum of the cosmic 

microwave background radiation with a precise blackbody.  

 

 The Hubble Space Telescope (HST) is a space telescope 

that was carried into orbit by a Space Shuttle in 1990 and 

remains in operation to this day. It is a 2.4-metre aperture 

telescope in low Earth orbit and its four main instruments 

observe in the near ultraviolet, visible and near infrared. 

Hubble's Ultra-Deep Field imaging has provided the most 

detailed visible-light images ever made of the universe's 

most distant objects. 

  

 The data provided by the HST has led to new hypotheses 

about the universe, e.g. its rate of expansion.  

 

 Finally, the Wilkinson Microwave Anisotropy Probe (WMAP) is another NASA mission, launched in 2001, to collect 

fundamental cosmological data. The WMAP mission has been hailed as a stunning success in helping to define a new 

Standard Model of Cosmology.  

 

 The Gravity Probe B satellite was launched on 20 April 2004 with the goal to measure spacetime curvature near Earth, 

which is related to the distribution and the motion of matter in space and near Earth. As such, it is believed to represent an 

exacting test of general relativity and other gravito-magnetic models. 

 

1.4.1.6 In Summary 
 

Nobody is questioning the success of astrophysics or the engineering achievements of the space program as an application of 

applied science to provide more observable data. However, the scope of this data has to be put into some overall perspective 

when reviewing the assumptions currently in circulation in theoretical cosmology. For while accepting the importance of this 

data, it is still open to different interpretations, which may not be obvious when reading many of general reviews of cosmology. 

In part, it is the intention of the following discussions to now consider some alternative viewpoints that may contradict some 

aspects of the current cosmological model. 
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Scientific Evidence 

Is a class of evidence which may either 

support or contradict a theory or 

hypothesis. However, such evidence is 

normally expected to be empirical verified 

in accordance with scientific method. In 

practice, standards for verification may 

vary according to the field of inquiry. 

1.4.2 The Scope of the Universe 
 

In the previous discussion, an attempt was made to put manned and unmanned exploration of space into some broader 

perspective. While not intending to belittle the importance of this endeavour, it might be suggested that the sum total of this 

information may not necessarily have been that influential in the formulation of the various cosmological models, when the 

variance of opinion is taken into consideration. 

 

 
 

However, in contrast to the suggestion above, many will argue that the information amassed over the last 20 years from the 

COBE and WMAP probes, in conjunction with the Hubble Space Telescope, has clearly provided evidence in support of the 

accepted cosmological model. 

 

But has this evidence really provided clear proof? 

 

As in the field of quantum physics, the limited experimental data that appears 

to support a given hypothesis can often be interpreted in a completely 

different way within the context of a different model. We should also remind 

ourselves that the data about the farthest reaches of the ‘visible’ universe 

arrives at planet Earth in a form essentially restricted to EM waves/photons. 

Given that the structure of this waveform, or particle, is still subject to its own 

debate, any conclusions drawn from its analysis might also be open to 

different interpretations, e.g. what is the cause of the observed redshift. 

 

OK, but can we narrow the number of viable options? 

 

In a historical context, it is clear that humanity has attempted to formulate rudimentary models of the visible cosmos since the 

dawn of its civilisations; although it is probably true to say that most of these early models were more theological or 

philosophical in nature.  

http://www.mysearch.org.uk/website1/html/635.History.html
http://www.mysearch.org.uk/website1/html/632.Photons.html
http://www.mysearch.org.uk/website1/html/632.Photons.html
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Scientific Consensus  

May be a collective judgment, position or 

opinion of some unspecified subset of the 

scientific community, often operating in a 

specialised field of research. However, 

while consensus implies agreement, in 

practice, it rarely means unanimity. As 

such, consensus is not scientific evidence 

and is not part of the scientific method. 

Ideally, consensus should be achieved 

through an open communication and peer 

review, but ultimately anchored in 

empirical verification. 

However, given that the historical developments have already been outlined, 

see links below, we shall restrict the present discussion of cosmology to more 

recent scientific developments: 

 

 History of Cosmology 

 The Equations of Cosmology 

 The Big Bang Model 

 The Concordance Model 

 

Overall, it would appear that the science of modern cosmology, based on 

advances in astrophysics, has been able to put quite a bit of daylight between 

itself and any general philosophical musing about ‘life, the universe and 

everything’ . However, there are a few questions that seem to be fairly 

fundamental, which the theologians and philosophers might still feel able to 

debate with the scientists, e.g. 

 

Did the universe have a beginning and will it have an end? 

 

As previously outlined, the original Big Bang model was based on the premise that general relativity could not support a static 

universe, such that if a basic gravitational model was run backwards in time, it would inevitably lead to a point of creation, i.e. a 

beginning. However, built into this premise was the assumption that this model described the entirety of the universe, which 

others now speculate might only represent a very small fraction of the totality of the universe, possibly infinite in space and 

time. 

 

So what is the current status? 

 

Well first, physicists now appear to accept that general relativity has problems when applied to very small space-time scales 

and high-energy densities associated with the start of the big bang expansion model. As such, it is argued that a new discipline 

of ‘quantum cosmology’ is required, although this also introduces its own set of speculations about the true nature of quantum 

reality, e.g. quantum fields, strings or loops. So, given the somewhat speculative state of quantum physics, further 

consideration of these issues will probably not provide any definitive clarification of the current state of cosmology. Therefore, 

the intention of this section of discussions is to simply provide an overview of some of the different models  currently being 

considered. However, we possibly need to start by clarifying some of the  semantics to be used: 

 

 The big bang event 

 The visible universe 

 The physical universe 

 

The ‘big bang event’ can be an ambiguous phrase without some context with respect to the definition of the ‘visible’ and 

‘physical’ universes. Therefore, the following bullets simply try to summarise some possible ideas stemming from the big bang 

event, not all of which are necessarily compatible: 

 

http://www.mysearch.org.uk/website1/html/334.History.html
http://www.mysearch.org.uk/website1/html/341.Equations.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html
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1. The big bang starts with a singularity of unknown density and volume. 

2. The process of its expansion that leads to the visible universe is speculative. 

3. If the visible universe is everything, it equates to the physical universe. 

4. If not, the visible universe might be a process within a larger physical universe. 

 

Broadly, the accepted position encompasses 1) and 2) in the sense that 

the singularity is now normally described in term of an ultra-high density 

quantum process, and while not really understood, its expansion leads to 

the present-day observable universe. Statement 3) is debatable in the 

sense that most cosmologists probably now accept the definition of a 

physical universe that is much larger than the visible universe – see 

‘Cosmological Horizons’ . As such, there is growing support for the idea 

that the visible universe may only be a process within a much larger 

physical universe, the attributes of which are almost entirely speculative. 

However, acceptance of the possibility of 4) must presumably change the 

perspective on a previous question: 

 

Did the universe have a beginning and will it have an end? 

 

For it would seem that we now have to ask this question of both the visible and physical universe, although we might still 

describe the visible universe within the general limits of the big bang expansion model, which is now much larger than the 

Hubble horizon. As such, it might already be accepted that the visible universe may only be a small fraction of the big bang 

expansion and an infinitely small fraction of a possibly infinitely large physical universe, as the diagram above simply tries to 

illustrate. Again, within the speculative nature of the diagram above, the yellow shading of the big bang expansion of radius [r] 

might suggest that the big bang universe, as a whole, may not be homogeneous or isotropic, as this may only be the perception 

within the much smaller boundary of  our visible universe of radius [a] lost with the totality of some physical universe of near 

infinite radius [R]. However, within the full scope of cosmic speculation, the diagram above is but one of many possible 

topologies under consideration, as the following diagram might illustrate: 

 
 

While the diagram above might provide a basic visualisation of the possibilities, the following table might be a better 

summation of scope of modern cosmological models that have been proposed or supported by some of the most famous 

http://www.mysearch.org.uk/website1/html/512.Horizons.html
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names in theoretical physics over the last 100 years. In the context of this discussion, it is not important as to who proposed 

what, as most of the authors may either have died or moved on to a different model by now. As such, what is being highlighted 

is the apparent scope within cosmology to interpret the same evidence in terms of alternative models, which appear to be 

anchored in very different assumptions about the beginning and end of the universe. 

 

Possibilities Proposed Models 

- Beginning  

and End 

classical big bang to big crunch  

quantum tunnel effect  

 no boundary singularity 

Beginning 

but no End 

classical big bang to big whimper 

phoenix universe 

quantum tunnel + eternal inflation  

cosmic Darwinism  

no boundary singularity 

No Beginning  

or End 

static universe  

empty expanding universe  

eternal expansion out of a static universe  

steady state  

quasi-steady state  

chaotic inflation  

big bounce 

ekpyrotic and cyclic universe 

No beginning,  

but an End 
collapse out of a static universe 

Cyclic 

oscillating universe 

cyclic universe 

circular time in a rotating universe 

big brunch/time-reversal 

Time-Loop  

with/without end 
self-creating universe 

Pseudo-beginning  

with/without a local end 

soft bang/emergent universe 

pre-big bang- pre-geometry 

loop quantum cosmology 

 

If we consider the table above in terms of the definition of the visible and physical universes outlined above, it is clear that most 

of the models are actually now only discussing the possible beginning and end of the smaller visible, or big bang universe, 

within a possibly infinite physical universe.  Of course, while all of these models exceed the limits of inference, it may now be 

possible to discuss the physics of a smaller universe, while the more metaphysical issues of creation are deferred to some larger 

universe. However, in order to discuss any of the models above, we might still need to consider some framework for the 
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Sherlock Holmes 

When you have eliminated the impossible, 

whatever remains, however improbable, 

must be the truth. 

speculation to follow. For example, is there an argument that a model need only be mathematical description that has the 

ability to calculate results without necessarily providing a coherent physical description. Alternatively, we might wish to restrict 

speculation of the nature of space and time within the scope of a smaller visible or big bang universe, e.g. 

 

Is there any physical description of how space itself might expand?  

Could the observed expansion be an expansion into existing space?  

Does the arrow of time and entropy imply that the universe must age? 

 

Even so, it might be difficult to address such questions without a more definitive description of the nature of energy in its many 

forms, i.e. matter and radiation, and whether ultimately the description of energy as a scalar quantity requires some sort 

a fundamental wave mechanism for its transport in space and time. In this context, examining some of the ideas associated 

with modern cosmology might also provide some insight as to the direction of speculative science in general. 

 

Roger Rydin  

Special Relativity leads to all sorts of paradoxes, and has led to long discussions in the dissident community of what is 

exactly wrong with it. In fact, so many errors have been made in the 1905 derivation, that we are wasting our time when 

it could be put to better use. General Relativity also contains a major error that led to singular solutions, when there 

aren't any, but there are other errors in solutions and applications, including coupling space and time when it should not 

be coupled. Nonetheless, all the galaxy distribution data disagrees with the Big Bang as a model for motion in the 

universe. The standard model of particles is also deeply flawed, probably because it is formulated in terms of fields 

instead of potentials, and uses point particles. New models should be developed from first principles avoiding all of these 

old flawed theories, and then there will be no more trouble with theoretical physics! 

 

1.4.3 The Cosmic Debate 
 

We shall start this ‘cosmic debate’ anchored in a partial review of a series of 

articles in Scientific America, dated 2002, entitled ‘ The Once and Future 

Cosmos ’. While the articles are now 10 years old, they might still be 

reflective of the broad scope of ideas in cosmology; although the reader may 

wish to review more recent articles, such as can be found in the Cornell 

University Library, e.g. Models of Galaxy Formation: Successes and Open Problems, dated 2009. This said, it is highlighted that 

the actual purpose of this review is more by way of defining the nature of the debate, which appears to continue in the context 

of both accepted and speculative cosmological models. 

 

So what questions might be raised at this stage? 

 

Well, from a speculative starting point, we might even question some of the most fundamental assumptions in cosmology, 

e.g. Hubble’s law. While the current methodology is now much more sophisticated than Hubble’s law initially suggested, it is 

generally assumed that the age of objects, as observed in the visible universe, can be determined by the amount of redshift 

associated with the photons received from an object. For underpinning Hubble’s law is the assumption that the observed 

redshift is proportional to how much the universe has expanded as a function of time, while the photons have been in transit. 

 

http://www.mysearch.org.uk/website1/html/630.Energy.html
http://www.mysearch.org.uk/website1/html/656.WSM.html
http://www.mysearch.org.uk/website1/pdf/637.1.pdf
http://www.mysearch.org.uk/website1/pdf/637.1.pdf
http://www.mysearch.org.uk/website1/pdf/637.2.pdf
http://www.mysearch.org.uk/website1/html/340.Hubble.html
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But surely questioning every assumption is simply counter-productive? 

 

Possibly, but while it might be simply assumed that cosmology is now a science that has come of age, it might also be one still in 

the process of considerable change. The grounds for this statement rest on the simple argument that all the ideas, currently 

under consideration, cannot possibly be right given that they are not always consistent with one another. As such, it may not be 

so unreasonable to still question the premise of some of its most basic conclusions, while still acknowledging the amount of 

detailed evidence that has been amassed over the last 20 years. Therefore, we might attempt to summarise the basis of this 

evidence as follows: 

 

1. Light from distant galaxies is perceived to be redshifted, as expected of an expanding universe; although the exact 

mechanism of expansion might still be questioned.  

 

2. The level of thermal radiation, i.e. cosmic microwave background, as measured in recent surveys appears to permeate  all 

space and is said to support the idea of a younger universe being hotter and denser.  

 

3. Analysis of the amounts of hydrogen and helium in the visible universe also appears to align with a model of a universe 

once being much hotter.  

 

4. Building on the evidence for a younger universe, more distant galaxies are then logically always younger than local galaxies 

due to the light travel time; although this point may need to be quantified in the context of a specific model.  

 

5. The curvature of spacetime is now generally assumed to be essentially flat. This position is thought to be consistent with 

the Λ-CDM energy-density model of the universe. However, this conclusion is predicated on the more speculative inclusion 

of both dark energy and dark matter, which exists outside any accepted particle model. 
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While accepting the simplicity of the summary above, it would seem that there may be some very good reasons for supporting 

the accept model of cosmology. However, there would also seem to be a number of open questions, which might possibly leave 

the door open for some alternative models. It is also highlighted that the evidence, as summarised above, does not really 

address the fundamental issue as to whether the ‘visible’ universe might be a sub-process within some larger ‘physical’ 

universe. As such, the following table will suggest a more pessimistic, and possibly a somewhat arbitrary assessment of the 

probability weightings of some speculative concepts, which might otherwise be generally accepted: 

 

Ref Concept Weight Comments 

1 

The universe evolved from 

a much hotter and denser 

state. 

80% 

The astrophysics of star formation 

in conjunction with the totality of 

observations appears to be 

consistent and supportive of this 

concept. 

2 

The energy-density of the 

universe is homogeneous 

and isotropic. 

70% 

Limited to observations and 

extrapolations within the visible/big 

bang model. However, such claims 

may not be consistent if extended 

to a much larger physical universe. 

3 

Dark matter explains the 

observed galactic rotations 

and star formations 

60% 

Any concept outside the accepted 

particle model has to classed as 

speculative. 

4 

Dark energy acts like 

Einstein’s cosmological 

constant and is the cause 

of the accelerated 

expansion of the universe. 

50% 

Again, in the absence of any real 

understanding of dark energy, this 

concept has to be classified as 

speculative. 

5 

The universe expands in 

accordance with the 

general theory of relativity. 

40% 

Appears to rest on multiple 

assumptions that are not 

necessarily confirmed on the scale 

of the universe. 

6 
The universe grew out of 

inflation 
30% 

This idea appears to rest on what is 

essentially mathematical model 

with many open issues. 

 

However, despite the doubts and questions raised in the table above, it is not clear that any other overall model can address 

the scope of observations and experimental data in a more consistent fashion. Therefore, it is not unreasonable for cosmology 

to proceed on the basis of its current sophisticated computer simulation, which seem to predict how the energy-density 

fluctuations in the early universe might have evolved into the first stars. 
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Within this model, the first stars are believed to have been both massive and luminous, such that they would have also been 

quite short lived. However, their formation appears to have been a critical development within the early universe as these stars 

would have altered the dynamics of the cosmos by heating and ionizing the gas in the surrounding space. In addition, the early 

stars would have also produced and dispersed the heavier elements,  which then allowed for the subsequent formation of solar 

systems like our own. Computer generated models also suggest that the collapse of some of the first stars may have led to the 

formation of possible super-massive black holes, which are now assumed to exist at  heart of many galaxies. As such, the early 

stars were a catalyst of change, which helped create the universe we see today. 

 

So what are the critical assumptions of these models? 

 

Most simulations begin with a primordial universe that is remarkably homogeneous in terms of its energy-density and then 

proceed on the evidence of there being small fluctuations in the cosmic microwave background radiation, which gravity then 

coalesce into larger ‘clumps’.  Simulations then attempt to explain how a network of higher-density ‘filaments’ emerged across 

the universe in which the first galactic formation are thought to have started. Later, these earlier galactic formations start to 

merge into ‘clusters’ , which we might now more easily recognise as galaxies and, after about 100-250 million years, simulations 

suggest that these early galaxies became the powerhouse for all star formation. 
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How realistic are these simulated models? 

 

Of course, the description only being outlined is a great deal more complex, both in reality and within the simulations. 

However, these models appear to support an evolving process, which leads to the 3 distinct generations of stars, as observed 

today. In a reverse numbering order, generation-3 stars correspond to the large hydrogen-helium stars of the early universe, 

while generation-1 stars correspond to the metal rich star systems of galaxies like our own Milky Way. However, it should also 

be highlighted that most computer simulation are predicated on a galactic model that includes dark matter, which many may 

still classify as a speculative assumption. This said, without the inclusion of the gravitational effects of dark matter many of 

these models would not be able to correctly predict the observed rotation of today’s galaxies. As such, it might be premature to 

assume that these simulations are a true representation of what happen, rather than just being one of many possibilities. In 

addition, a sceptic might argue that these simulations are simply working back from a known answer in which assumptions, e.g. 

dark matter, can be added to drive the model in the right direction. So let us table another question:  

 

Does the current knowledge of galaxies really support the cosmological model? 

 

At this point, it might be worth turning back the clock to the early 20
th

 century, when most astronomers believed that our 

galaxy, the Milky Way, and the universe were one and the same thing. Today, developments have led to the appreciation that a 

galaxy may contain a 100 billion stars, while the visible universe may contain upwards of a 100 billion galaxies. As such, there is 

plenty of scope for complexity in how all these galaxies were formed and then maintained their observed shape, i.e. inclusive of 

gravitational instability, energy-density distribution and internal star formation plus the wider issues associated with the 

interactions between galaxies. So while it is clear that a lot of progress has been made in the last 100 years, there are still many 

unresolved issues. So, in order to develop models of the processes at work within the observed galaxies, astronomers have 

looked for patterns in their form, such that a classification scheme might be formulated. Today, there is a broad classification of 

galaxies into 3 basic types, i.e. elliptical, spiral and irregular. The largest galaxies in terms of mass tend to be elliptical in shape, 

where most of the stars appear to be relatively old and maintain an orbit around some nominal spherical centre. In contrast, 

spiral galaxies like our own Milky Way are flattened structures with spiral arms in which there appears to be the necessary gas 

and dust to form new young stars. At the centre of most spiral galaxies is a bulge, which is often assumed to hide a black hole. 

Finally, irregular galaxies might simply be described as any not fitting the description of either an elliptical or spiral galaxy, 

possibly because the present shape may be the resulting distortion caused by 2 earlier galaxies merging. However, in practice, 

this basic classification hides a multitude of shapes, forms and more importantly composition. Equally, there is now a 

recognition that galaxies themselves are subject to some structural formation within the wider universe. 

 

So what aspects of these models might still be labelled as speculative? 

 

Based on observation, a small percentage of spiral and elliptical galaxies appear to have a centre that are unexpectedly bright, 

where the most extreme examples are labelled as quasars. Theory suggests that these galactic centres may be ‘powered’ by a 

black hole with an equivalent mass of a billion stars, such that the gas falling towards the black hole effectively radiates about 

10% its mass-energy in the form of light, which in many cases can be seen across the visible universe. Not surprisingly, such 

theories have been integrated into some galactic models, where it is thought to underpin the process of galaxy formation with 

the implied assumption that super-massive black holes may reside at the heart of most galaxies. However, in practical terms, 

most of the information in support of such theories comes from ‘photons’ sourced across the ‘EM spectrum’, but which have 

been in transit for millions or even billions of years and therefore subject to considerable cosmological redshift. It is also 
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assumed that most of the ‘matter’ within the universe must exist in the form of dark matter, which speculation suggests cannot 

emit any photons of any wavelength, although its gravitational effects are required to describe the observed galactic rotations. 

This has then led to a generalised galactic model in which the visible parts of a galaxy is surrounded by dark matter, which is not 

only thought to explain the shape of the galaxy, but why groups of galaxies cluster together. 

 

Can any probability be place on the basic Λ-CDM model being outlined? 

 

It is obviously difficult to be precise on this issue given that nobody has ever directly detected the existence of either dark 

matter or dark energy. As such, the nature of these essential components of the model cannot be quantified within the 

accepted physics of the particle model. This said, it would seem that most cosmologists now feel confident enough to proceed 

on the assumption that dark matter must simply be a fact waiting to be confirmed. In this respect, dark matter is sometimes 

referred to as ‘cold dark matter (CDM)’, while its equally mysterious counterpart, i.e. dark energy, is often associated with 

Einstein’s cosmological constant [Λ], although some may also label it ‘vacuum energy’ or even ‘quintessence’. Again, whether 

the assignment of another ‘name’ actually helps provides any further confidence of the physical mechanisms at work might be 

debated. Despite some obvious doubts, cosmologists were able to develop a model known as the ‘ΛCDM’ model, which is  

predicated on the existence of both dark matter and dark energy, because it was originally thought to explain both the 

formation and shape of the observed galaxies plus the apparent accelerated expansion of the universe. 

 

So what ‘doubts’ need to be highlighted? 

 

Well, from a historical perspective, it is worth recognising that the original Big Bang model did not have any concept of dark 

matter or dark energy. Therefore, based on current observations and interpretations, it would never have been able explain the 

experimental data based on a model that only contained radiation and normal baryonic matter. However, this retrospective 

assessment is rarely highlighted as the model was subject to speculative revision, while maintaining the public’s confidence in 

brand name of the ‘Big Bang’. The later inclusion of dark matter and dark energy, as now being described in terms of the ΛCDM 

model, was also initially considered a success story for it seemed to help resolve several problems within the original Big Bang 

model plus address a number of key issues related to galactic formation, albeit resting on some fairly speculative science, i.e. 

dark matter and dark energy. However, the later realisation of the general uniformity of the cosmic microwave background 

would require another additional to the ΛCDM model in the form of the primordial inflationary model, which in combination 

created the ‘Concordance Model’ . While some of the doubts surrounding the inflation model will be deferred to a later 

discussion, it was recognised that the model of galaxy formation still had a number of problems. Purely, as a simple overview, 

the current overall galactic model proceeds on the basis of a volume of galactic gas cooling inside a ‘halo’ of dark matter. 

However, such models appear to lead to all the gas cooling too quickly and effectively condensing into the centre of each halo. 

However, in contrast, observations suggest that the space between galaxies is far from empty, such that there must be some 

other process involving additional energy that prevents the gas from cooling down, which is sometimes referred to as 

the ‘cooling catastrophe’. Another problem relates to angular momentum of the early proto-galaxies, which can only be 

maintained, in-line with observations and the CDM galactic model, if the volume of gas within the galaxy can retain its angular 

momentum. However, current models suggest that the angular momentum would be transferred to the dark matter halo as the 

early proto-galaxies merged to form today’s spiral galaxies. Again, an important mechanism appears to be missing. Yet another 

problem is linked to the number of observed dwarf galaxies, which the model appears to suggest should be more abundant. 

This anomaly suggests that the required dark matter halo does not exist around many of these galaxies or alternatively that 

these galaxies are simply not observable because the conditions inside the halo do not favour star formation, i.e. they emit no 
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appreciable light. Of course, the scope of the solutions to some or all of these problems might simply come down to a 

refinement of the current CDM models; although it is possible that some longer term solution might still require some 

fundamental revaluation of the nature or existence of dark matter and possibly the entire particle paradigm. 

 

OK, what other doubts might be raised at this stage? 

 

History suggests that certain speculative ideas are entertained, for a time, not because there is any strong evidence in support 

of the idea, but simply because there is no obvious or immediate evidence to reject it. In this situations, certain speculative 

ideas have become ‘fashionable’, especially when forwarded by individuals with the ‘right credentials’. Therefore, given the 

questioning nature of this opening debate, let us also reflect on the generally accepted idea that the visible universe is not only 

expanding, but this expansion is accelerating and start by asking the most obvious question: 

 

What evidence has been tabled in support of this idea? 

 

Approximately 5 billion years ago, a particular type of star exploded with a flash brighter than a billion suns, which is described 

as a supernova. Based on the established cosmological model, the light associated with this event then spread out into the 

universe, fading with distance while also being ‘stretched’ within an expanding model of the visible universe. Then, some 5 

billion years later, during a 10 minute period in 1997, a few hundred photons associated with this supernova event landed on 

the mirror of a telescope in Chile. The data extrapolated from the detection of these photons was then fed into a computer 

model, which was then able to create a digital facsimile of this long ago event. However, while the description of this process is 

a remarkable achievement of applied science, its interpretation is possible even more remarkable, because it suggested that 

the visible universe might not only be bigger and emptier than suspected, but its expansion might be accelerating rather than 

decelerating, as originally assumed by all previous models. 

 

What arguments support this idea? 

 

By 1930, Edwin Hubble had established the idea that the velocity of a receding distant galaxy was a function of distance, which 

might be determined by measuring the redshift of the light being received. However, the interpretation of this velocity was 

then explained in terms of the expansion of space rather than any ‘real’ velocity through space. For example, if two objects in 

the form of the supernova and the telescope were both stationary with respect to the Cosmic Microwave Background (CMB), 

then it could be argued that only the expansion of space might reasonably explain the observed redshift.  However, there was 

no explicit evidence that the relationship between the redshift and distance would necessarily remain linear for all distances, if 

the rate of change of expansion was also a function of time. The development of these ideas, plus some of the issues, can be 

reviewed in the following discussions: 

 

 Redshift and Hubble’s Law 

 Cepheid Variables and Hubble’s Constant 

 Hubble, Redshift and the Age of the Universe 

 Cosmological Redshift 

 The Cause of Expansion 

 

http://www.mysearch.org.uk/website1/html/340.Hubble.html
http://www.mysearch.org.uk/website1/html/346.Cepheids.html
http://www.mysearch.org.uk/website1/html/345.Redshift.html
http://www.mysearch.org.uk/website1/html/394.Redshift.html
http://www.mysearch.org.uk/website1/html/514.Cause.html
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So, based on some of the details in the earlier discussions listed above, we might simply summarise that the evidence for an 

accelerating expansion is based on the observations of the brightness of distant supernovae assumed to conform to some 

known luminosity. However, if the expansion of the universe were accelerating, the expansion in the past must have been 

slower than now and the time required to expand the distance between 2 objects, by a given factor, would be longer. 

Therefore, if the universe was subject to an accelerated expansion, some supernovae should appear fainter because their 

current distances are larger, which observations appear to support. 

 

But what other implications follow on from this interpretations? 

 

First, we possibly need to highlight that there may be some scope for error in the measured luminosity, although most 

scientists are now reasonably confidence that the reduced luminosity is not caused by any mundane issues, such as dust. There 

was also some additional speculation that the universe may not be as geometrically flat as normally assumed, over such vast 

distances and time, while others have even questioned our real understanding of the nature of gravity over such long periods of 

time. Of course, even if we simply put such issues to one side, it would seem that the preferred explanation behind the 

accelerated expansion model requires the existence of dark energy, which is neither verified or understood, such that we 

return to the recurring, but fundamental question: 

 

How does space actually expand? 

 

In terms of general relativity, we might cite that the fabric of space has an intrinsic ability to be distorted  in the presence of a 

large energy-density, i.e. a classical mass. We might also cite the experimental quantum evidence, e.g. Casmir effect, which 

appears to suggest that the fabric of space is also synonymous with a huge reservoir of energy, i.e. the vacuum energy.  

However, in the absence of any obvious additional information to address this question, it is possible that an extract from a 

2004 article entitled ‘Why is the Universe Accelerating?’ by Sean Carroll, who is a theoretical cosmologist at California Institute 

of Technology specializing in dark energy and general relativity might, at least, provide some qualified perspective: 

 

The universe appears to be accelerating, but the reason why is a complete mystery. The simplest explanation, a small 

vacuum energy raises three difficult issues: why the vacuum energy is so small, why it is not quite zero, and why it is 

comparable to the matter density today….. Any one of these issues would represent a serious challenge to physicists and 

astronomers; taken together, they serve to remind us how far away we are from understanding one of the most basic 

features of the universe. 

 

Despite such reservations, three researchers were awarded the 2011 Nobel prize for physics for the ‘discovery’ that the 

expansion of the visible universe's is accelerating. So while there appears to still be many fundamental questions that remain 

open to debate, it would seem that the scientific community is prepared, under the right circumstances, to endorse what many 

might still described as a highly speculative conclusion supported by no known physical mechanism and only series of 

somewhat ambiguous assumption that go by different names, e.g. dark energy, cosmological constant, vacuum 

energy, quintessence etc. 

 

So how might we reflect of this state of affairs? 

 

http://www.mysearch.org.uk/website1/pdf/637.2.pdf
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When we look back to the beginning of the 20
th

 century, we now understand that science only had a tenuous grasp of the 

physics of the cosmos at that time. However, over the last 100 years, it is clear that science has come a long way in developing a 

broad consensus model that in anchored in the mathematics of theoretical physics and range of experimental observations. 

However, for many, this model is still subject to more fundamental questioning than most cosmologists appear willing to admit, 

let alone try to explain to the general public. For example, even if we now have a more realistic description of the ‘singularity’ in 

terms of some initial, but finite quantum state of vacuum energy, there is no obvious consensus as to how this initial energy 

state then underwent almost unimaginable rate of expansion in the first second of existence or, for that matter, the next 7 

billion years until some, as yet, unexplained dark energy is introduced. 

 

So, by what mechanism did space in the visible universe physically expand? 

 

Even if we accept the vague description of the expansion of the universe being driven in-line with some energy-density model, 

it would seem that that there no accepted description of the physics of the inflationary scalar field or the subsequent increasing 

dominance of vacuum energy in the form of dark energy. In fact, examination of the Concordance model, i.e. inflation plus 

ΛCDM, only appears to lead to more questions as to how the energy-density maintained the expansion of space, after inflation, 

for the next 7 billion years, before the dominance of dark energy could overwhelm the other density components. Personally, 

the suggestion that each unit volume of space might simply continued to expansion due to some form of ‘inertia’ does not 

seem adequate. However, by the time the Concordance model reaches +7 billion years, we might visualise the visible universe 

as  being quite similar to today’s universe. The formation of galaxies and stars would be well established within the timeline of 

the basic model, while accepting that the basic model still has problems reconciling the description of galactic mechanics with 

observations. In order to address such problems, the basic model was again extended through the introduction of dark matter, 

which is usually described in terms of some unknown elementary particles that does not radiate light, but possesses a 

gravitational field due to its assumed mass. By way of a visualisation of this changing model, we might consider the  energy-

density components of the  Concordance model at 3 points along its timeline of evolution – see Cosmic Calculator. 

 

Energy-Density 
+368,000  

years 

+7 billion  

years 
Now 

Radiation 25% ~0% ~0% 

Baryon Matter 11% 10% 4% 

Dark Matter 64% 57% 23% 

Dark Energy ~0% 34% 70% 

 

The basic reason for the change in percentage composition is down to the fact that radiation density is reduced as a function of 

volume plus linear expansion of its wavelength, i.e. [1/r
4
], while the energy density of normal and dark matter are only 

functions of an expanding volume, i.e. [1/r
3
]. However, one of the most ‘mysterious’ attributes of dark energy is that its energy-

density appears to be entirely unaffected by expansion, i.e. [1/r
0
] and so becomes an increasingly dominant factor by +7 billion 

years, which is then said to explain the subsequent accelerated expansion of the visible universe from this point on, which is 

anchored to the observation and interpretation of the luminosity of supernova. However, even based just on this introduction, 

it would seem that there is a lot of detailed technical arguments, both for and against any potential model, which may leave 

http://www.mysearch.org.uk/website1/html/401.Calculator.html
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most people little choice but to simply go along with the consensus on the basis that it is might be closer to the truth than any 

other model at this stage. Even so, it may not be unreasonable to table the following question: 

 

Is consensus really meaningful when predicated on a model of the universe, where 96% of the present-day energy-density 

essentially lies outside of known physics? 

 

If you accept the validity of this question, it would seem that you must then, at least, consider whether there is any viable 

alternative. If so, you may wish to do your own search of the web, e.g. using ‘ alternative cosmological models’, in order to find 

an ever-growing list of speculative models. Of course, without supporting evidence, most of these models should be viewed 

with a rightful amount of cautious suspicion. Therefore, no attempt will be made to review the full scope of speculative 

possibilities, but it may be worth pointing the reader towards a series of videos on ‘YouTube’ entitled ‘The Big Bang Never 

Happened’. The video is actually a series of 10 minute videos, nine in all, which gives some overall and interesting insights to the 

problems experienced by some famous and well qualified physicists who have attempted to investigate alternative 

cosmological models. The title of the video is clearly making reference to Eric Lerner’s book of the same title, published in 1991, 

who works primarily in the field of plasma physics and appears in many of the later videos. However, this series of videos starts 

with an overview of the perspective of a number of famous physicists and astrophysicists. By way of a quick synopsis, the first 

video starts off with a general historic introduction by Geoffrey Burbidge, who was an astronomy professor at the University of 

California, which then leads into the issue of quasars and the problems experienced by Halton Arp, who is also an astronomer, 

well known for his opposing views on the standard interpretation of redshift. This opposition seems to be based on the analysis 

of the apparent physical connection of high-redshift quasars to galaxies with much lower redshift. In this context, Arp published 

the ‘Atlas of Peculiar Galaxies’, in 1966, which catalogues many examples of interacting and merging galaxies. While video-

2 continues with the problems encountered by Halton Arp, it quickly expands into the academic experience of Geoffrey 

Burbidge, Fred Hoyle, Jack Sulentic, John Dobson and Margaret Burbidge, when attempting to investigating ideas that appeared 

to seriously challenge the accepted model. In this context, the issues raised by Halton Arp in respect to the redshift variant of 

two objects collocated in space might be seen to question one of the most fundamental assumption of the expanding model, 

i.e. Hubble’s Law. However, it is highlighted that most of these astronomers were only initially questioning whether there might 

be an additional component to redshift, which was not explained by the standard interpretation of the cosmological redshift. 

By video-6, the focus starts to move away from the retrospect concerns of observational astronomy with Eric Lerner 

summarising a number of issues, which he believes undermines the Big Bang model. In video-7, Lerner continues with his 

summary of Big Bang issues, which includes the temperature of Cosmic Microwave Background, element abundance, dark 

matter and the age of the universe. However, by video-8 and video-9, the focus then starts to switch to a possible alternate 

model based on plasma cosmology.  The idea of plasma cosmology can be traced back to the 1960’s and the work of Hannes 

Alfvén, who was a plasma physicist and a subsequent winner of the 1970 Nobel Prize in Physics. Therefore, it may not be so 

unwise to reflect on the fact that history suggests that today’s perception of ‘consensus’ will probably have to shift in the face 

of new ideas, which extend beyond the ability of science to fully verify at this stage, e.g. 

 

 The Expansion Model? 

 The Cyclic Model? 

 The Galactic Model? 

 The Plasma Model? 

 

http://www.youtube.com/videos
http://www.youtube.com/watch?v=1yTfRy0LTD0&feature=relmfu
http://www.youtube.com/watch?v=1yTfRy0LTD0&feature=relmfu
http://www.youtube.com/watch?v=deMPlC1rc7U&feature=relmfu
http://www.youtube.com/watch?v=deMPlC1rc7U&feature=relmfu
http://www.youtube.com/watch?v=zy0KBzipGK4&feature=relmfu
http://www.youtube.com/watch?v=L01PU3r6fmA&feature=relmfu
http://www.youtube.com/watch?v=L_8webbsiB4&feature=relmfu
http://www.youtube.com/watch?v=qH6XAacQuRs&feature=relmfu
http://www.mysearch.org.uk/website1/html/655.Plasma.html
http://www.mysearch.org.uk/website1/html/638.Expansion.html
http://www.mysearch.org.uk/website1/html/657.Cyclic.html
http://www.mysearch.org.uk/website1/html/639.Galactic.html
http://www.mysearch.org.uk/website1/html/655.Plasma.html
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At this point, the discussions listed above simply represent a range of speculative ideas, which may, or may not, come to 

challenge today’s consensus. Again, it is highlighted from the outset that these speculative models, while appearing to address 

some of the perceived problems associated with the current ‘Big Bang’ model, come with their own set of problems. As such, 

they should not necessarily be seen as replacement models, but rather a reflection of the scope of possibilities that might still 

be open to further consideration. 

 

MIT Review 

As one of the few astrophysical events that most people are familiar with, the Big Bang has a special place in our culture. 

And while there is scientific consensus that it is the best explanation for the origin of the Universe, the debate is far from 

closed. However, it’s hard to find alternative models of the Universe without a beginning that are genuinely compelling. 

That could change now with the fascinating work of Wun-Yi Shu at the National Tsing Hua University in Taiwan. Shu has 

developed an innovative new description of the Universe in which the roles of time space and mass are related in new 

kind of relativity. Shu’s idea is that time and space are not independent entities but can be converted back and forth 

between each other. In his formulation of the geometry of spacetime, the speed of light is simply the conversion factor 

between the two. Similarly, mass and length are interchangeable in a relationship in which the conversion factor 

depends on both the gravitational constant [G] and the speed of light [c], neither of which need be constant. So as the 

Universe expands, mass and time are converted to length and space and vice versa as it contracts. 

 

 

1.4.4 The Expansion Model? 
 

In many ways, the issue as to whether the universe expands, or not, 

appears to be central to the development of any model. Therefore, 

this discussion attempts to review of some of the more fundamental 

issues and questions surrounding this debate. However, we will start 

with the idea of the ‘big bang’ description, which in many ways has 

become a misnomer on a number of levels. First, there is an inference 

of a ‘big bang’ being some type of explosive event, which would 

radiate out from a central point, rather than being an expansion of 

each unit volume of space. Second, what was originally defined as the 

‘big bang’ model has long since been replaced by a two-stage model, 

which begins as an inflationary model followed by a second stage of 

expansion as defined by the Λ-CDM model. In this context, it might be 

argued that the ‘big bang’ is simply the conceptual starting point of an 

expansion process, which is somehow thought to be driven by the 

underlying energy-density of the universe as a function of time. Along 

the way, this discussion will try to explore some speculative ideas that 

‘might’ question the viability of the current expansion model plus widen the debate concerning the beginning of the visible 

universe. In this context, the following links are simply references to earlier discussions of the basic inflationary model, which is 

normally thought to explain the initial  expansion of the universe from a quantum singularity defined in terms of the Planck 

scale: 
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Michael Chodorowski 

Let us finish with a question resembling a 

Buddhism-Zen ‘koan’: in an empty 

universe, what is expanding? The simplest 

scenario for disappearing expanding 

space, that comes to the mind of the 

author, is that it has never existed. There 

is neither absolute space, nor expanding 

space. All that matters is the cosmic 

substratum and its relative motions. A 

truly Buddhist enlightenment. 

The Root of Evil 

In an expanding universe, the change of 

the metric implies that the physical 

distance between any two privileged 

observers increases with time, and 

consequently, if eight of these co-moving 

observers are used to define the corners 

of a cube, the volume of the cube must 

increase with time. 

 Problems with the Standard Model 

 Phased Transitions 

 The Inflationary Model 

 The Need for Inflation 

 The Evolution of Inflation 

 

While only making reference to these earlier discussions we might still state 

that the inflationary model was developed because there was a need for an 

additional mechanism within the basic energy density (Λ-CDM) model in 

order to address a  number of perceived problems. One of the most serious 

of these problems is referred to as the ‘horizon problem’ , which can be 

traced back to the discovery of the cosmic microwave background (CMB) radiation in 1964. While this discovery was initially 

hailed as evidence in support of the original Big Bang model, a more detailed understanding of the uniformity of the CMB 

temperature, within 0.01%, would subsequently come to represent a fundamental problem to earlier models. At face value, it 

would seem that there was no means to maintain the constancy of the CMB temperature across the entire visible universe 

without some transport mechanism that would exceed the speed of light. Of course, such an idea would violate one of the most 

fundamental assumptions of science, rooted in the acceptance of special relativity. However, without some alternative theory, 

different regions of space should have been separated by a `distance horizon` such that these regions could not have maintain 

the uniformity of the CMB temperature. 

 

So how does inflation circumvent this problem? 

 

In essence, we return to the idea of expanding space. If 2 objects are thought 

to be stationary in space with respect to the CMB radiation, they might still 

be perceived to have a recessional velocity with respect to either frame of 

reference, if each unit volume of space between them was expanding. If you 

describe a process in which this expansion can increase at an exponential 

rate, as in the inflationary model, this perceived recessional velocity can 

exceed the speed of light [c] without directly violating the theory of special 

relativity. However, it has to be recognised that exponential inflation not only 

needs a mechanism to describe how it started, but also how its stops, 

otherwise the visible universe we now observe would never have stabilised. 

Today, the inflation model is normally associated with Alan Guth, which dates back to 1981, although his original proposal has 

since undergone many revisions and exists in several variants. However, despite continuous development over the last 30 

years, it is probably true to say that there is no accepted model of inflation, which seems to address all known problems, even 

when many of the approaches are allowed incorporate highly speculative assumptions. 

 

OK, but is there any other plausible models? 

 

Well, this might depend on your definition of ‘plausible’, but let us not be too quick to reject an idea just because it might 

appear to contradict some other long-standing assumption of physics so that we might consider the idea raised by João 

Magueijo and Andreas Albrecht. 

http://www.mysearch.org.uk/website1/pdf/638.4.pdf
http://www.mysearch.org.uk/website1/pdf/638.4.pdf
http://www.mysearch.org.uk/website1/pdf/638.5.pdf
http://www.mysearch.org.uk/website1/html/502.Problems.html
http://www.mysearch.org.uk/website1/html/367.Phases.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/497.Inflation.html
http://www.mysearch.org.uk/website1/html/505.Evolution.html
http://www.mysearch.org.uk/website1/html/502.Problems.html
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/512.Horizons.html
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 João Magueijo is a cosmologist and professor in Theoretical Physics at Imperial College London. He was awarded a 

research fellowship at St John's College, Cambridge, the same fellowship previously held by Paul Dirac and Abdus 

Salam. 

 

 Andreas Albrecht is a theoretical physicist cosmologist involved in research and teaching at the University of 

California. He graduated from Cornell University and was awarded a doctorate in cosmology from University of 

Pennsylvania. 

 

It should be recognised that challenging the idea of the constancy of the speed of light [c] in vacuum is one that few people, let 

alone professional physicists, will do without good reason. However, this is exactly what Andreas Albrecht and João Magueijo 

appear to be suggesting in an idea called the ‘Variable Speed of Light (VSL)’ 

 

But surely challenging this assumption would fly in the face of accepted science? 

 

In a Special Edition of Scientific America, in 2001, João Magueijo outlined some of the general thinking that led to him, and 

others, towards the idea known as the ‘Variable Speed of Light (VSL) in the final article entitled ‘Plan-B for the Cosmos’. 

 
"Mainstream cosmological theories such as 

inflation are based on a crucial assumption that 

the speed of light and other fundamental physical 

parameters have had the same values for all 

time. (They are, after all, known as constants.) 

This assumption has forced cosmologists to adopt 

inflation and all its fantastic implications. And 

sure enough, experiments show that the 

presumed constants are not aging dramatically. 

Yet researchers have probed their values only 

over the past billion years or so. Postulating their 

constancy over the entire life of the universe 

involves a massive extrapolation. Could the 

presumed constants actually change over time in 

a big bang universe, as do its temperature and 

density? " 

 

Now based on the same Λ-CDM model used in the ‘Cosmic Calculator’, the combined energy-density of radiation, baryonic 

matter, dark matter and dark energy can be plotted as a function of time back towards the ‘decoupling event’, some +368,000 

years after the ‘Big Bang’ starting point. However, it should be noted that the vertical scale in the following graph is logarithmic, 

such that 9 order of magnitude change occurs between +13.75 billion years back to +368,000 years on the far right of the 

horizontal scale shown right. While it is not unreasonable to assume that this exponential expansion must simply continue as 

the singularity is approached, it is also probably fair to say that the physics within such extreme density is essentially 

speculative. As indicated above, the lower cut-off point of the graph is linked to an event in the expansion model called 

‘decoupling’ that is estimated to have occurred some 368,000 years after the Big Bang. 

http://www.mysearch.org.uk/website1/pdf/638.1.pdf
http://www.mysearch.org.uk/website1/html/401.Calculator.html
http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:
http://www.mysearch.org.uk/website1/html/355.Quantum.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
276 of 392 

 

By the time the universe expanded to an estimated radius of some 368,000 light-years, as determined by the Λ-CDM 

model, the temperature would have fallen from some most unimaginable limit towards 3000 degrees Kelvin. Prior to this 

point, the universe would have been in the form of a hot plasma consisting of atomic nuclei of hydrogen and helium. 

However, before the temperature fell below 3000K, light photons would have had enough energy to knock any electron 

out of their ground state orbits and, as a consequence, most light photons would have interacted with the plasma nuclei 

before travelling any significant distance. Therefore, the universe before the decoupling point would have been 

essentially opaque to light. 

 

So, in proceeding beyond the decoupling point, the physics of the universe becomes increasingly speculative, although this 

point is still a long way from  description of the inflationary model, rooted in quantum hypothesis, which takes place within a 

fraction of the first second after the ‘big bang’. Therefore, we might simply try to quantify the ambiguity of a quantum 

singularity in terms of the Planck scale: 

 

Planck Scale Symbol Definition Values Units 

Mass MP 

 

2.17*10
-08

 kg 

Energy EP 
 

1.94*10
+09

 Joules 

Length LP 

 

1.62*10
-35

 metres 

Volume VP 
 

4.27*10
-105

 metre
3
 

Mass Density MDP 

 

5.09*10
+96

 kg/m
3
 

Energy Density EDP 

 

4.55*10
+113

 joules/m
3
 

Temperature TP 

 

1.41*10
+32

 Kelvin 

Time tP 

 

5.43*10
-44

 seconds 

 

As such, there might be a suggestion that any analysis of physical ‘constants’, such as the speed of light, may have to be 

extended way beyond a few billion years into the past. As indicated, the inflationary model positions itself within the first 

second, some 13.7 billion years ago, and is required to explain an expansion of possibly 30-80 orders of magnitude in a period 

of time estimated to be less than 10
-32

 of the first second. However, the first question we might want to ask of any alternative 

VSL model might be: 

 

Why would the speed of light necessarily increase with density? 
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From a general perspective of today’s universe, it is accepted that the speed of light can be reduced when passing through a 

transparent medium, such as a gas or glass; although the exact mechanism involved in this slow-down may depend on whether 

you prefer the explanation in terms of EM waves or photons. 

 

 If we use the photon model, it might be argued that all photons travel at the speed of light [c] in vacuum, but can be 

delayed due to collisions i.e. absorption and emission, with atoms and molecules within the material, which then 

determines the opaqueness of the material or medium. In these terms, it is assumed that the idea of a photon slowing 

down due to the refractive index of the material must be a statistical average of the time for [n] photons to pass through 

the material.  

 

 The EM wave description is a little more involved and linked to the EM wave's propagation velocity being slowed within a 

material. For when an EM wave passes through a material, its own electric field is said to create a disturbance in the 

charged particles on route. Typically, these particles will be electrons rather than protons due to the large difference in 

mass-energy and this effect is sometimes described in terms of the electric susceptibility of the medium. By a similar 

argument, the magnetic field of the EM wave also creates a disturbance proportional to the magnetic susceptibility of the 

medium. So, as the electromagnetic fields oscillate within the EM wave, charge particles in the material also resonant at 

the same frequency. As such, there is a superposition of different oscillating fields with the same frequency, but not 

necessarily the same phase. As a consequence, a resulting superposition wave may have the same frequency, but a shorter 

wavelength, which results in slower phase velocity [vp=fλ]. 

 

However, based on macroscopic physics, we might simply reduce both of these somewhat conflicting descriptions to a form of 

Snell’s law, where the refractive index is defined as the ratio of the speed of light in vacuum [c] and the phase speed [vp] of light 

in some given material: 

 

[1]       

 

Therefore, in general, it might be suggested that the refractive index of a substance, e.g. glass, increases with its density, 

causing the propagation speed of light to slow; although there is no definitive linear relation between the refractive index and 

density. However, it is not obvious how the descriptions above, i.e. either EM wave or photon, would even apply to the very 

early universe i.e. before the existence of particle emerged. Therefore, we might consider the basic VSL model by starting with 

a general comment by João Magueijo: 

 

"The vacuum-energy density represented by the cosmological constant depends very strongly on the value of [c]. 

Therefore, a suitable drop in [c] reduces the otherwise domineering vacuum energy to innocuous levels. In standard 

theories, on the other hand, the vacuum energy cannot be diluted. " 

 

Based on a brief review of two papers cited below, it is not clear what exact mechanisms are thought to explain the link 

between the cosmological constant and the speed of light [c], as implied by the quote above. 

 

 A time varying speed of light as a solution to cosmological puzzles 

http://www.mysearch.org.uk/website1/pdf/638.2.pdf
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 Big Bang riddles and their Revelations 

 

However, it is assumed that if the VSL model is intended to replace the inflationary model, it must take place in the same 

timeframe, i.e. the first second after the Big Bang. Therefore, it might be worth returning to the general issue of the energy 

density of the universe. In this context, any expansion process might be described as being driven by the implied energy-density 

of the universe as a function of time. However, this process is essentially a two-stage model, which begins with some highly 

speculative assumptions embedded within the inflationary model followed by a second stage of expansion defined by the Λ-

CDM model. However, we might put the level of understanding derived from these models into some perspective by asking the 

following question: 

 

How big is the universe? 

 

In practice, these models cannot resolve this key question and so it is probably fair to say that nobody really knows. Therefore, 

it might be worth pointing out that the graph above only defines the change in the energy-density as a function of time within 

the limitations of the Λ-CDM model and is making no direct reference to the physical size of the universe. As such, the Λ-CDM 

model is essentially anchored in the estimate of today’s universe having a certain critical density, which depends on the 

speculation of dark matter and dark energy, which is then run backwards in time towards some lower cut-off point, e.g. the 

decoupling event. However, in isolation, this model could not explain the uniformity of the CMB radiation, which many now 

assume is explained by the hyper-expansion of the very earlier inflationary model. However, while the inflation model implies a 

change in the size of the universe by a factor of 30-80 orders of magnitude in the first second after the ‘big bang’ starting point, 

the physical size of this starting point, i.e. the singularity, is essentially unknown and so the final size of today’s universe is also 

unknown. 

 

So what is known about the energy-density and size of the universe? 

 

Well, the following table might be said to define the density of the present universe, which the ΛCDM model then uses as a 

starting point to extrapolate back towards the decoupling point, i.e. +368,000 years. By definition, both of these estimated 

figures implicitly include the assumption of dark matter and dark energy in addition to normal baryonic matter and radiation. 

 

Timeframe Energy-Density Mass-Density 

Present 8.53E-10 J/m
3
 9.54E-27 kg/m

3
 

Decoupling 3.03E-01 J/m
3
 3.39E-18 kg/m

3
 

 

So within the general assumption of the universe being both homogeneous and isotropic, the figures above represent the 

average density distribution in terms of both energy and mass by the conversion [E=mc
2
]. It might also be worth noting the 

results in the graph below, which shows the change in the relative energy-density per unit volume. i.e. joules/m
3
. If you 

multiple the total energy-density at any point in time by the expansion factor, it will reflect the energy within each co-moving 

volume of space. However, this process appears to suggest that while the universe is expanding, it is also acquiring some form 

of additional energy into each expanding volume of space – see ‘Graphical Interpretations’ for further details. However, this 

effect is essentially caused by the assumption that dark energy remains constant under expansion. 

http://www.mysearch.org.uk/website1/pdf/638.3.pdf
http://www.mysearch.org.uk/website1/html/511.Interpretation.html
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At this stage, we will simply defer such concerns to other discussions and stay focused on the issue of the size of the universe. 

So, based on the constancy of the speed of light [c], which the VSL model appears to challenge, we might define the size of the 

‘visible’ universe in terms of the light travel time within the estimated age of the universe, e.g. 13.7 billion years. We might also 

quantify this size in terms of the Hubble radius [c/H], which appears to arrive at the same figure, albeit based on slightly 

different logic. However, various cosmological horizons are thought to exist within the current model, such that we would have 

to define the size of the ‘physical’ universe as having to be greater than the ‘particle horizon’. So based on the present density, 

as defined above, we might estimate the minimum total energy within the universe linked to the estimated size of the visible 

universe and the particle horizon, quantified in units of billions of lightyears: 

 

Size of LY Radius Volume Energy Mass 

Visible 13.7E9 1.08E+31 7.70E+69 J 8.62E+52 kg 

Particle 45.58E9 3.82E+32 2.73E+71 J 3.05E+54 kg 

 

Note, the estimates above do not account for all the possible energy within the universe, when concepts such as zero-point 

energy are taken into consideration. However, the main point of interest in the energy-mass figures above relates to what 

would happen if we now reduce the size of the universe down to its Planck volume, as previously defined. In this context, the 

energy-mass of the current universe would be converted into some equivalent energy-mass density defined by the Planck 

volume, i.e.  

Horizon 
Planck  

Radius 

Planck  

Volume 

Energy 

Density 

Mass 

Density 

Visible 1.62E-35 m 4.27E-105 m
3
 1.80E+174 J/m

3
 2.02E+157 kg/m

3
 

Particle 1.62E-35 m 4.27E-105 m
3
 6.40E+175 J/m

3
 7.15E+158 kg/m

3
 

 

While not reading too much into the somewhat ad-hoc comparison above, it does suggests that the current energy-mass of 

even the visible universe could not be reduced to the Planck scale without exceeding the Planck energy-mass by some 60 orders 

of magnitude. 

http://www.mysearch.org.uk/website1/html/512.Horizons.html
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So what is the purpose of these figures? 

 

Well, they just might suggest that making reference to the speed of light [c] would have to be seen in the ‘light’ of a more 

fundamental propagation mechanism associated with the incredible energy-mass density being implied in the table above. For 

it appears that the energy-density implied extends so far beyond any known physics, even a description labelled as speculative 

might be a gross under-statement. However, we might still wish to pursue the issue of the size of the universe in terms of how 

the universe expands: 

 

Can energy-density alone explain the expansion of space? 

 

At a general level, we might still intuitively understand that the creation of such an almost unimaginable energy-density would 

seek to find some lower energy state, e.g. via distribution into a larger volume. However, what is not intuitive is the mechanism 

by which this energy-density might actually create space to facilitate this process; although there is the suggestion in general 

relativity that a large energy-density might distort the curvature of space. In this context, the table above would certainly 

suggest that a large energy-density existed at the start of the universe, so if energy can curve space, it may well be able to 

expand it. Of course, there is also the possibility that new space can be created, although such an idea only seems to open up 

another 'bag of worms'. Therefore, at this point, it might be worth simply trying to clarify the scope of what might be inferred 

by the expansion of the universe via two basic options: 

 

1. Originally, the expansion of the universe was interpreted as the expansion of all space and time from a point before 

which nothing existed. As such, this model implicitly requires space to physically expand or be created.  

 

2. The quantum description of a singularity possibly allows for further scope in the sense that physical space may have 

existed prior to the singularity. In this context, the idea of a ‘singularity’ is a misnomer because the plurality of 

multiple ‘singularities’ is not ruled out in some much larger physical universe. 

 

Strangely, both theology and science might now both prefer option-2, albeit for different reasons.  In the case of theology, 

option-1 might be problematic because it may appear to question the purpose of any deity before the creation of time and 

space, while science is forced to confront a process with no obvious cause prior to an effect, i.e. the universe just pops into 

existence. Of course, theology can always put science on the back foot by claiming that its deity does not require a physical 

universe for its existence, as the universe was only created as an act of divine will for the purpose outlined in the scriptures. In 

contrast, physics may have little to say on any process that is not predicated on any physical mechanism. So, in this respect, 

theology may argue that option-2 simply allows science to defer the problem of an effect without cause, i.e. metaphysical 

creation, to some larger physical universe, which can simply be assumed to be infinite in both time and space. So, on what 

amounts to little more than philosophical conjecture, we might simply proceed on the basis of option-2 and consider the 

evolution of the ‘visible’ universe in terms of a two-staged model anchored in the concept of a quantum singularity emerging 

within the infinity of some larger universe. Within this model, the visible universe undergoes an expansion from some initial 

and an incredibly density energy state. However, as indicated, this model may still have to consider two further expansion 

options: 

 

 The expansion of the quantum singularity created new physical space. 

 The expansion of quantum singularity took place within pre-existing space. 
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Before embarking on any further speculative excursions, we might need to quickly highlight a more pragmatic and human issue 

related to the overall complexity of the current cosmological model. Even in terms of the overview provided by this website, 

the scope of issues that now permeate every level of the cosmological model seem to be a daunting prospect for any individual 

to fully comprehend and possibly even more so for the professionals, who we might assume have to understand 'all' the 

detailed arguments in depth. For when considering the options above, it is entirely possible that there is always a theoretical 

premise and some level of experimental data that may be used in support either one, although not necessarily conclusive 

enough to rule out the other. Of course, if we were to entertain the idea of a conceptually infinite number of quantum 

singularities coming into existence within some larger infinite physical universe, we might wish to raise what seems like a silly, 

albeit logical question: 

 

How would the expanding space of an infinite number of ‘visible’ universes be squeezed into the pre-existing space already 

stretching out into the infinity of a ‘physical’ universe? 

 

While mathematics might be able to explain how this new space can be folded into an infinite universe, the physical realisation 

of this solution seems far from obvious. As such, it may appear that there may be some grounds for pursuing the idea that the 

quantum singularity simply expanded into pre-existing space of an infinite physical universe. However, it is suspected that 

numerous counter-arguments might be raised in opposition to such a suggestion, while others might even logically argue for a 

return to a static model of an infinite universe. 

 

But how much room is there for speculation such as this? 

 

Well, based on the weight of evidence amassed in apparent support of the current two-stage cosmological model, not much. 

However, it might be argued that the previous sections covering the ‘Scope of Speculative Problems’ and the ‘Scope of 

Speculative Ideas’ might suggest otherwise. The concerns being raised at this point are not trying to state that the accepted 

model is wrong, only that the degree of certainty often implied in many presentations is over-stated. For it seems that the 

accepted model simply rests on too many speculative assumptions, subject to on-going scientific research in multiple fields of 

fundamental physics, to project the certainty often implied, but not empirically proved or in many cases provable. However, 

while a more circumspect approach is being suggested, any alternative model that attempts to challenge the basic expansion 

model must offer up an alternative explanation of the redshift interpretation that has dominated cosmology for the last 80 

years or so. 

 

1.4.5 The Cyclic Model 
 

In part, the previous discussion of an expansion model was more by way of a general attempt to outline some of the issues that 

come along with the general ‘big bang’ concept, as linked to both its inflation and Λ-CDM stages. As such, we might try to 

summarise the accepted expansion model in terms of the picture below, which might lead to the idea that 13.7 billion 

lightyears from our position in space, the universe becomes an opaque void. However, this perspective only exists in terms of 

space-time, for as we look out into the universe, each lightyear represents the universe as it was 1 year ago, so that the picture 

is really only suggesting that 13.7 billion years ago, the entire universe was opaque. Of course, given that the current 

cosmological model extends out to, at least, the ‘particle horizon’, some 46 billion lightyears in radius, we can only assume that, 

today, this entire volume of space looks fairly similar to what we see locally. Therefore, without any real estimate of the size of 

the universe, the expanding space model might extend to infinity for all we know. 

http://www.mysearch.org.uk/website1/html/625.Problems.html
http://www.mysearch.org.uk/website1/html/626.Ideas.html
http://www.mysearch.org.uk/website1/html/626.Ideas.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/512.Horizons.html
http://www.mysearch.org.uk/website1/html/638.Expansion.html
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Richard Feynman 

If you thought that science was certain, 

well, that is just an error on your part. 

 
 

In the previous description, the cosmological measure was defined in terms of lightyears, which links the idea of both space and 

time. However, the idea of the expansion of the universe might be consider within two very different space-time frameworks: 

 

1. Expansion of all space and time starts at a point, i.e. a cosmic singularity, before which nothing existed.  

2. Expansion of a local universe starts as a point, i.e. a quantum singularity,  which may expand within some larger pre-

existing universe. 

 

However, both these options, along with the diagram above, are really only considering the starting point from which the 

universe then expands, such that we should also table a follow-up question: 

 

What happens next, i.e. how long will the universe expand for? 

 

In this context, we might realise that the issue as to whether the universe will expand forever also depends on the assumptions 

made within some given framework, which requires an extrapolation in time, as well as space. For example, the original ‘big 

bang’ model essentially rested on a gravitational assumption, which we might try to interpret in terms of the Friedmann 

equations, even though many aspects of this equation have already been questioned: 

 

[1]       

 

In the second arrangement in [1], we see the idea of a critical energy density [ρC], which if compared to different assumptions 

about the actual energy density [ρ] of the universe may lead us to different conclusions concerning the future expansion of the 

universe in both time and space. However, we might consider 3 basic permutations: 

 

http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/360.Future.html
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 ρ<ρC, the density is too low and the universe expands forever, although the implication of an accelerating expansion 

can lead to the ‘big rip’ demise of the universe or, at least, our perception of it.  

 ρ=ρC, the density is equal to a critical value and the universe expands forever, albeit at an ever-decreasing rate.  

 ρ>ρC, the density is high enough so that the universe must eventually stop and collapse back on itself. 

 

As unlikely as it might initially appeared, option [ρ=ρC] seems to be the one supported by observational data to-date. However, 

the subsequent acceptance of an accelerating expansion, driven by dark energy may shift opinion in favour of the [ρ>ρC] option, 

as the universe ages in time. This option can lead to a number of possibilities, e.g. the big rip, or that the universe must 

eventually come to approximate a deSitter universe. 

 

Note: A deSitter universe is a cosmological solution to Einstein's field equations named after Willem deSitter. In this 

model, the universe is spatially flat and dominated by the cosmological constant [Λ], i.e. dark energy. See ‘The Black 

Hole Era’ for an estimate of timescales involved. 

 

So based on the general assumptions and observations leading from [1], the idea of the ‘big bang’ finally re-collapsing back  

under its own gravitational pull is often called the ‘big crunch’  and might now appear to be one of the least favoured options. 

However, in recent years, the idea of a ‘cyclic universe’ has been resurrected by respected physicists, e.g. Paul Steinhardt, who 

is the Albert Einstein professor of science and director of the centre for theoretical science at Princeton university, and Neil 

Turok, who was also a professor of physics at Princeton university 

and a previous chair of mathematical physics at Cambridge and is 

now the director of the Perimeter Institute. However, before 

considering some of the basic arguments forwarded in support of 

the cyclic model, it might we worth highlighting some of the issues 

this model throws up against the inflation model. 

 

1.4.5.1 Questioning Inflation 
 

As previous discussed, the inflation stage was added as a 

necessary prerequisite of the concordance model that precedes 

the Λ-CDM stage in order to address a number of known 

problems. However, for the purposes of this summary, the need 

for the inflation stage might be reduced to just two fundamental 

problems, which can be described as the ‘horizon’ and ‘flatness’ 

problems. We might try to visualise the horizon problem using the following space-time diagram, where [t0] denotes the 

present time and [tD] denotes the time of decoupling, only some 368,000 years after the big bang. In such, the path of a photon 

is represented by a line at 45
o
. Therefore, where  the lower set of red dashed lines intersect with the [tD] line defines a region 

that remains in causal contact with the ‘big bang’ singularity. However, in contrast, the upper red dashed lines, extrapolated 

back from [t0] and reflects the apparent need for an even larger space-time region to remain causal contact, if the uniformity of 

today’s CMB temperature is to be explained. By way of two possible solutions, we might view the blue dashed line, either as a 

period in which the photons have to travel faster than [c], as in the variable speed of light (VSL) theory, or as a period of inflated 

expansion, which effectively increases the size of the region that remains in causal contact with the big bang singularity, i.e. the 

visible universe. Therefore, the flatness problem is also linked to the seemingly improbable outcome that the present universe 

http://www.mysearch.org.uk/website1/html/362.Black%20Hole.html
http://www.mysearch.org.uk/website1/html/362.Black%20Hole.html
http://www.mysearch.org.uk/website1/html/502.Problems.html
http://www.mysearch.org.uk/website1/html/502.Problems.html
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Paul Steinhardt 

They are only attempting to explain 

the evolution of the universe 

between now and the collapse, 

whereas we showed how this can be 

embedded in a larger cyclic scenario 

that leads to an eternal universe. 

is so flat that its sits on the dividing line between eternal expansion and eventual re-collapse, as outlined above in terms of 

[ρ=ρC]. However, it might be more convenient to represent these values as a ratio of the  actual density of the universe [ρ] to 

the critical density [ρC]: 

 

[2]       

 

Before the inclusion of  the inflation stage, it was assumed that the expansion of the universe would naturally push the energy-

density away from the critical value. Therefore, if the universe started with [Ω<1], [Ω] would get smaller as the universe 

expanded, while if [Ω>1], [Ω] would gets bigger as the universe expanded. However, with the inclusion of the energy density of 

dark matter and dark energy, it is now generally assumed that [Ω ≈ 1], although these additions seem to make [Ω=1] appear 

somewhat of a contrived coincidence. Even so, for the current value of [Ω] to even approximate unity, it would have had to 

start out as unity, ±1 part in 10
60

, making the energy density one of the most sensitive parameters in the evolution of the 

universe. Of course, the alternative suggestion forwarded by the inflation model is that the very process of exponential 

expansion drove the universe towards its flat state. So through the general idea of inflation, the horizon and flatness problems 

were thought to have been solved in a single process. 

 

So what prevents the wholesale adoption of the inflation model? 

 

For many, the answer may be nothing more than a few additional ‘tweaks’, 

although others allude to more serious and fundamental problems. For example, in 

a  2011 article for Scientific America, Paul Steinhardt debated the case for and 

against inflation. Rather than reviewing the entirety of this article, which can be 

found online, we might such cite just one of Steinhardt’s closing remarks: 

 

"The oft-cited claim that cosmological data have verified the central 

predictions of inflationary theory is misleading, at best. What one can say is 

that data have confirmed predictions of the naive inflationary theory as we understood it before 1983, but this theory is 

not inflationary cosmology as understood today. The naive theory supposes that inflation leads to a predictable outcome 

governed by the laws of classical physics. The truth is that quantum physics rules inflation, and anything that can 

happen will happen. And if inflationary theory makes no firm predictions, what is its point?" 

 

Now the supporters of the standard inflationary model might claim that Steinhardt is making this comment because he is 

interested in forwarding his own alternative theory, which the following comment taken from the same article makes clear: 

 

"An alternative to inflationary cosmology that my colleagues and I have proposed, known as the cyclic theory, has just 

this property. According to this picture, the big bang is not the beginning of space and time but rather a ‘bounce’ from a 

preceding phase of contraction to a new phase of expansion, accompanied by the creation of matter and radiation. The 

theory is cyclic because, after a trillion years, the expansion devolves into contraction and a new bounce to expansion 

again. The key point is that the smoothing of the universe occurs before the bang, during the period of contraction." 

 

http://www.mysearch.org.uk/website1/pdf/657.1.pdf
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Again, we see another example of what should be described as a speculative hypothesis being immediately marketed as a 

theory. However, this point aside, the details of Steinhardt’s cyclic model really requires an understanding of quantum-string 

theory, which goes beyond the scope of this discussion. This said, even a brief review might show that some well-respect 

cosmologists are not entirely satisfied with the current status-quo, such that even mere mortals might also come to question 

the actual status of cosmology. 

 

1.4.5.2 Cyclic Variants 
 

In a general context, a cyclic model is any in which the universe follows a cyclic pattern, typically in terms of expansion and 

contraction. Going back to the 1930’s, Albert Einstein initially considered the idea of the universe following a cycle of 

oscillations, each beginning with a big bang and ending with a big crunch. Naturally enough, Einstein thought this process would 

be dominated by the gravitational attraction of matter. What we might also infer from this general description is that each ‘big 

bang’ does not represent some absolute beginning, but rather an event within some larger process. As such, we might describe 

‘our’ universe as being finite in both time and space, while possibly being only one of an endless sequence of cyclic universes, 

which eventually contract back into a big crunch and then cycles into the next big bang universe with its own trillions of years of 

evolution. However, within this type of model, the overall idea of space and time typically remains eternal. 

 

1.4.5.3 Ekpyrotic Variant 
 

The word ‘ekpyrosis’ has its roots in the classical Greek and its meaning might be equated to the description of a ‘large 

destructive fire’, which may appeal to those with a classical education. The primary advocates of this model also make some 

reference to the philosophical logic of the Stoics, but it is not clear that this philosophy really has much to do with this model, 

e.g. 

 

"According to the Stoics, the universe is a material, reasoning substance, known as God or Nature, which the Stoics 

divided into two classes, the active and the passive. The passive substance is matter, which ‘lies sluggish, a substance 

ready for any use, but sure to remain unemployed if no one sets it in motion’. The active substance, which can be called 

fate or logos is an intelligent aether or primordial fire, which acts on the passive matter. " 

 

Given this somewhat pretentious philosophical backdrop, let us try to provide an 

initial summary of the ‘Ekpyrotic’ model as proposed by Paul Steinhardt and Neil 

Turok. The model is anchored in the deductive premise that the universe did not 

expand from a quantum singularity, as normally described, but rather originated 

in the collision between two ‘branes’. 

 

"In theoretical physics, a brane is a spatially extended mathematical 

concept introduced by string theory. Within this theory, a p-brane might 

be described as being analogous to a membrane with [p] spatial 

dimensions. As such, a 0-brane is a zero-dimensional point-like particle, a 

1-brane is a string, a 2-brane is a membrane in the more traditional 

sense. However, a p-brane sweeps out a (p+1) dimensional world volume 

as it propagates through spacetime. " 



the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
286 of 392 

 

Of course, where you place this premise on the scale of speculative ideas may be subjective and dependent on your 

mathematical background. However, to proceed, the premise of this theoretical model then argues that a collision between 

two branes would avoid the primordial singularity and superluminal expansion, as required by inflation, while preserving the 

nearly scale-free density fluctuations and other features of the observed universe. We might try to visualise this coming 

together of two branes as previously illustrated. After the collision, we eventually come to inhabit a universe defined by one of 

these 4-dimensional branes coming to defining a 5-dimensional description of spacetime. Within this model, two branes can 

approach each other, then bounce apart in a cyclic fashion. The colour loops in the diagram attempt to suggest that the energy-

density associated with each brane is not completely uniform and it is this aspects we eventually see reflected in the CMB 

radiation. Within the process of collision between the two branes, kinetic energy is assumed to be converted into the 

‘substance’ of the universe, e.g. quarks, electrons, photons, but which are now confined within 3-dimensional space. The 

temperature following the collision is finite and so bypasses the normal idea of a singularity. The universe is also homogeneous 

because the collision between the two branes is essentially simultaneously within its definition of space-time, although the 

necessary inhomogeneous density regions exist dues to the energy-density variation as implied by the diagram. It is also argued 

that the geometry of the branes result in the ‘flat’ universe we observed today and explains why the energy-density [ρ] of the 

universe equals its critical density [ρC]. 

 

But how is the requirement for inflation avoided? 

 

The key idea within this cyclic model is that the necessary conditions of the current universe are created in the ultra-slow 

contraction phase of a previous cycle, i.e. its uniformity and flatness. However, it is also assumed that quantum effects cause 

the approaching branes to ripple along extra dimensions, prior to the collision, such that the resulting collision occurs in 

different places at slightly different times. So, after the collision is complete, there are small variations in temperature, which 

seed temperature fluctuations in the cosmic microwave background, which ultimately lead to the formation of galaxies. So, by 

the process described, the need for an inflation phase is avoided, although a counter-argument might be that it rests on the 

highly speculative assumptions of string theory. 

 

So what requirements are imposed by string theory? 

 

Again, as a very brief outline, string theory is said to require extra dimensions for mathematical consistency, e.g. 10+1. Six of 

these additional dimensions are assumed to be curled up in quantum space, i.e. beyond observational verification, such that we 

only perceive a universe consisting of 3-spatial dimensions and 1-time dimension. According to string theory, our perception of 

4-dimensional space-time actually exists  as a ‘surface’ within its definition of higher (10/11) dimensional space-time. However, 

as indicated, particles in our universe are constrained to move along the three-dimensional boundaries of a single brane such 

that the intervening ‘space’ between branes remain hidden because particles, inclusive of photons, cannot travel across this 

extra-dimensional space. However, gravity is said to be able to couple with matter on another brane, which might then explain 

what is now described as dark energy within the context of our local brane universe. 

 

So what is the current status of these speculative models? 

 

It probably fair to say that opinion, even in the domain of theoretical physics, is divided on this model. However, in many ways, 

coming to some conclusion as to the rights and wrongs of any speculative idea was never the purpose of this discussion. 
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Richard Fuller  

Everything you've learned in school as obvious 

becomes less and less obvious as you begin to study 

the universe. For example, there are no solids in the 

universe. There's not even a suggestion of a solid. 

There are no absolute continuums. There are no 

surfaces. There are no straight lines. 

Semantics Roots 

The word 'galaxy' comes from 

the Greek word for 'milky 

circle'. 

 

Formal Definition  

A galaxy is said to be a stellar-

dynamical system of stars, 

which has a median 2-body 

relaxation time longer than a 

Hubble time. In more general 

terms, this is equivalent to 

saying that a galaxy is a 

structure with limited 

potential for the stars to 

scatter significantly over the 

age of the universe. 

OK, so what is the purpose of the discussion? 

 

At the very begin of the 20
th

 century, Lord Kelvin is quoted as 

saying that ‘there is nothing new to be discovered in physics now ’. 

With the perspective of hindsight, most people might now realise 

that Kelvin was very premature in his declaration, although it not 

always clear as to whether this lesson has been taken on-board by 

21
st

science. This situation might be explained by the apparent 

growing divide between applied and theoretical physics, where only the former may still be tied to empirical verification. If 

true, it would seem that theoretical physics might only be constrained by mathematical consistency and the scope of the 

human imagination. So, on this note, let us  continue to the next area of speculation in cosmology. 

 

1.4.6 The Galactic Model 
 

By way of an introduction, galaxies are often grouped into 3 basic types, i.e. elliptical, spiral and irregular. However, to-date, 

most galactic model have struggled to explain all the apparent anomalies that appear to be connected with the observed 

rotation of the various galactic types. The following diagram simply outlines the scope of a far more complex picture within 

active galaxies. 

 

 
 

While the following discussions will be little more than an overview of the underlying details, the main purpose is primarily to 

highlight the scope for potential debate within this field of astrophysics. Let us start by expanding the description of the 

previous types of galaxies as follows: 
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2-Body Relaxation Time 

In any self-gravitating stellar system, the 

stars exchange gravitational and kinetic 

energy. As such, when two stars pass 

each other, they give each other tiny 

gravitational 'nudges'. The 'nudges' 

between stars cause the system to evolve 

towards energy equipartition, which 

changes its radius and the radial 

distribution of its stars. The time-scale 

over which the system re-arranges itself 

significantly is measured in terms of the 

median 2-body relaxation time, as 

defined in terms of the Hubble time. 

Galaxy 

 Type 

Active 

Nuclei 

Emission Lines 
X-rays 

Excess of 
Strong Radio Jets 

Narrow Broad UV Far-IR 

Normal no weak none weak none none none none 

Starburst no yes no some no yes some no 

Seyfert yes yes some some some yes few some 

Quasar yes yes yes some yes yes some some 

Radio yes some some some some yes yes yes 

 

While the table above does not represent the full complexity of all the different types of galaxies observed, it is probably 

enough to get some idea of the scale of the problem. Although models of such galaxies have undoubtedly increased in 

sophistication over the last few decades, due to incredible improvements in astrophysical data, it might be argued that many of 

the accepted models still rest on unverified assumptions. This said, the following summary outlines the general description of 

the different types of galaxies outlined: 

 

 Normal Galaxies:  

A normal galaxies might be described as one where the total energy 

emitted is assumed to approximate the sum of the energy emitted from 

all its stars. They are generally described as being large gravitationally 

bound systems consisting of hundreds of billions of stars with enough gas 

and dust to make billions of stars, surrounded by dark matter. Our own 

local galaxy, the Milky Way, fits this description.  

 

 Starburst Galaxy:  

This is a galaxy that appears to have an exceptionally high rate of star 

formation compared to a normal galaxy. Observations suggest that a 

burst of star formation might be triggered after a collision between two 

galaxies. Given the rate of star formation, the gas reservoirs from which 

stars are formed would be used up on timescales much shorter than the 

age of the galaxy, such that it is usually assumed that the starburst phase 

has to be a temporary phase within the total lifecycle of the galaxy. 

However, the age of galaxies in general is still a subject of much debate.  

 

 Seyfert Galaxies:  

Are a class of galaxies with nuclei that produce spectral line emission from highly ionized gas and are named after the 

astronomer Carl Seyfert, who first identified the class in 1943. These galaxies are one of a number described having ‘Active 

Galactic Nuclei (AGN)’ or simply ‘active galaxies’  that are generally assumed to have a super-massive black hole, with a 

mass between 10
6
 and 10

8
 solar masses, at the centre of the galaxy.  
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Synchrotron Radiation 

Is named after the particle accelerators 

developed in the 1930's and 1940's to 

produce high-energy electrons. In 1950, 

Hannes Alfven, Nicolai Herlofson, and Karl 

Keipenheuer brought this form of plasma 

radiation to astronomers' attention. 

Alfven, who later won a Nobel prize in 

physics for his solar studies, proposed 

that streams of electrons move at nearly 

the speed of light along magnetic-field 

lines not only in Earth's magnetosphere 

and above the Sun, but also throughout 

the cosmos. 

 Quasars:  

A ‘QUAsi-StellAr Radio’ source, i.e. quasar for short, is normally described as a very energetic and distant active galactic 

nucleus. As such, quasars are assumed to be extremely luminous and high redshift sources of electromagnetic energy, 

which on a cosmic scale are seen as point of light, similar to bright stars, rather than extended sources more typical of 

galaxies. The nature of these objects is still controversial, although the general consensus is that a quasar is a compact 

region surrounding a central super-massive black hole. In this context, the quasar is said to be powered by an accretion 

disc around the black hole, although alternative models, e.g. see Plasma model, may question aspects of this description.  

 

 Radio Galaxies:  

Are also a type of active galaxy, which are more luminous in the radio range of the EM spectrum. The radio emission are 

believed to be due to a synchrotron process in which EM radiation is emitted when charged particles are subject to a radial 

acceleration. Again, plasma physics might provide an alternative explanation of the processes at work within these 

galaxies. These galaxies are generally large and elliptical in shape, which can be detected at large distances, such that they 

have become a valuable reference point in observational cosmology. 

 

Based on the summary data above, it would seem that much of our 

understanding of galactic mechanics must depend on calculations rooted in 

the interpretation of the observed EM spectrum redshift. In this context, when 

a source of light is moving away from an observer, a redshift (z>0) occurs, 

while if the source moves towards the observer, a blueshift (z<0) occurs. The 

amount of ‘shift [z]’ may be defined in terms of a change in wavelength [λ] or 

frequency [f] between the source [S] and the observer [O]: 

 

[1]       

 

However, this shift [z] can also be interpreted as  a function of velocity [v] of 

the source with respect to the observer, where the propagation of the EM 

waves/photons in vacuum is assumed to have always been [c]. The equation 

below shows both the relativistic and non-relativistic form: 

 

[2]       

 

As a general description, astronomers attempt to measure the redshift of the spectral lines emitted by known elements, e.g. 

hydrogen, associated with bright stars within galaxies in order to determine the recessional velocity of the galaxy as a whole. 

However, if a star is also moving around the galactic core, the speed of rotation can be estimated by measuring the relative 

change in redshift as stars rotates towards and away from the observer. Finally, by taking measurements of the spectral lines 

from objects at different radii from the galactic centre, a plot of the rotational speed as a function of its radius can determined. 

Based on Newtonian gravitational physics, we might have some initial expectation that the rotational velocity, at a given radius, 

might be linked to the following formulation: 

http://www.mysearch.org.uk/website1/html/655.Plasma.html
http://www.mysearch.org.uk/website1/html/639.Galactic.html#Synchrotron_Radiation
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[3]       

  

Based on [3], it would seem that the rotational velocity would be a function of 

the inverse square root of the radius. However, observations based on [1] and 

[2] suggest that this is not the case and  that the velocity of the stars within a 

galaxy tend to be generally constant across a large range of radii, as suggested 

by the diagram to the right. However, at this point, we first need to introduce 

a number of potential complexities: 

 

 The effective gravitational mass [M] of a galaxy changes as a function of the radius.  

 

 The distribution of star mass within the galaxy, as a function of radius, may not be linear. 

 

 We might realise that [3] only applies to stable orbits, while in practice, stars might also have a radial velocity within the 

spiral arms. 

 

 There may be other processes, besides gravity, at work within the galaxy. However, as stated, this aspect of the discussion 

will be deferred to the Plasma Model section. 

 

 There is also the consideration of dark matter thought to 

surround the galaxy, although some question how this 

speculative configuration of dark matter can provide the 

rotational stability of all the galactic types mentioned. 

 

So, at this stage, it may not be unfair to say that there is some doubt 

as to whether the apparent confidence in the accepted model can 

really be justified based on the current level of verified data. 

 

1.4.6.1 General Background 
 

Clearly, any galactic model has to conform to what is already known 

about galaxies like our own Milky Way. Over recent years, 

astrophysicists have accumulated a lot of data about galaxies from 

which they hope to formulate a general model that may then help explain the structural make-up of the galaxies and the 

internal dynamics. However, for the lay-person it is not always obvious how this data has been derived in terms of its accuracy, 

its subsequent interpretation and whether any circular dependencies have been introduced. As usual, we might start with the 

initial Newtonian model for a stable circular orbit as an initial frame of reference: 

http://www.mysearch.org.uk/website1/html/655.Plasma.html
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The largest spiral galaxy is believed to be the 

Malin-1 galaxy which has a spiral 10 times 

larger than the Milky Way galaxy.    

Elliptical galaxies are elliptical in shape and 

contain many older stars with little dust or 

other objects. Not many new stars are 

known to form elliptical galaxies. 

Some of the largest galaxies in the universe 

are known to be elliptical galaxies with 

estimates that some are two million light 

years long and contain a trillion stars. 

[1]       

 

It is highlighted that while [1] appears to be good approximation for the orbits of planets within solar systems, this model is 

based on a spherical central mass [M], i.e. the sun, which may not be applicable to the mass distribution within a galaxy. 

However, if we go along with the general limitations of [1], we might derived a first order estimate for the mass [M] of galaxy, if 

we can derived values for all the required parameters: 

 

[2]       

 

In the form of [2], the mass [M] is actually the mass contained within the radius [r], while [v] is the tangential or orbital velocity 

of an object around [M], which can be converted into the orbital period [T], while parameter [G] is Newton’s universal 

gravitational constant. If we use [2] to gain a 1
st

 order estimate of the mass within the Milky Way, we would need values for the 

parameter [r,v] or [r,T]. In terms of our Sun’s orbit around the Milky Way, these values appear to be available, although it is not 

always obvious as to whether the premise underpinning these values might still be challenged. However, if we ignore this 

concern for the moment, we can calculate the mass of the Milky Way inside the Sun’s orbit around the Milky Way based on the 

following data assumptions: 

 

 Sun’s Orbital Radius [r] = 27,200 lightyears 

 Sun’s Orbital Velocity [v] = 230,000 metres/sec 

 Sun’s Orbital Period [T] = 225 million years 

 

By plugging an appropriate combination of these figures into [2], we arrive at a mass [M] in the order of 10
41

 kg, which 

approximates to about 6.7*10
10

 solar masses. Again, we may have to question these assumptions, as and when the real energy-

mass distribution within a galaxy is understood. For example, simply correlating the mass [M] to the number of stars within the 

Milky Way might not truly account for all the implications of Einstein’s energy equation [E=mc
2
] such that the gravitational 

force assumed in [1] might not equate to just the visible luminous 

matter, i.e. shining stars. Of course, simply counting the billions 

stars in a galaxy might seem an impossible task, which is why 

astrophysicists have utilised other methods by which the 

brightness of the Milky Way, or any other galaxy, can be 

measured and then compared to the brightness of individual stars 

in order to estimate how many stars there are in the galaxy. 

Apparently, using this method, astrophysicists have estimated 

that there must be something like the mass of about 10
11

 sun-like 

stars in the Milky Way, which is not so different from the 

estimate derived from [2].  
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Irregular galaxies are neither spiral nor 

elliptical in shape. These galaxies will 

have more random shapes often 

because of the gravitational pull from 

other nearby galaxies.   

Lenticular galaxies are galaxies that 

have aspects of both elliptical and spiral 

galaxies. They have faint spiral arms 

and an elliptical halo of stars. 

However, we might have to question the validity of this comparison, if much of 

the mass of a galaxy exists in a form that does not shine, but let us defer on this 

issue for the moment. The previous diagram begins to hint at a problem with the 

mass estimates suggested above in terms of the ‘observed’ and ‘expect’ 

rotational velocity [v] as a function of radial distance [r]. This type of graph is 

described as a galactic rotational curve, where the ‘expected’ curve might be 

generally linked to a Newtonian approximation. 

 

Note:  To find the total mass of a galaxy, the velocity of a star or even a gas cloud at the edge of the galactic disk needs 

to be measured. In practice, astrophysicists often try to determine the velocity of a gas cloud, rather than a stars, 

because distant stars are often obscured by dust in the galactic plane of rotation 

 

The first section of the curve above, i.e. the rising part, might be described in 

terms of the internal solution of Newton’s shell, to be discussed later, in which 

the gravitational force is directly proportional to the radius. By a similar line of 

argument, the outer region of the galaxy was expected to have a velocity that 

decreases with radius, more in-line with the external  solution of Newton’s shell. 

However, observations contradicted this expectation, as the rotation curves for most galaxies appear to remain essentially 

constant as a function of the outer radii. While the actual dynamics may be more complex than being suggested, this 

discrepancy between the expected and observed rotational curve appears to be one of the major reasons leading to a revised 

hypothesis, which it was hoped would explain the ‘missing matter’ within the original galactic model. Within this hypothesis, 

the missing mass is now commonly assumed to be ‘dark matter’ , which calculations suggest would have to account for about 

2/3 of the galactic mass [M]. While the idea of dark matter has now become so well established that few doubt its existence, 

empirical evidence is still weak and the concept unexplained in terms of the standard particle model. 

 

So what is dark matter and what evidence supports the idea? 

 

The idea of dark matter has quite a long history, dating back to the early 1930’s, while the data subsequently amassed over the 

following 50 years appears to have convinced most astrophysicists that some sort of unseen matter exists beyond the visible 

edge of most galaxies. 

 

Note: Why this is so is not really understood because, at face value, the acceptance of the idea of dark matter that exists 

outside any known particle physics would seem to have a lower intrinsic  probability in comparison to some other 

possibilities to be discussed. While it will be shown that the ‘Rouke model' is not without its own esoteric components, 

more traditional models exist based on the argument that the flatten rotation curves can be explain by simply 

understanding the mass distribution within the disk structure of a galaxy. Of course, the most obvious response that a 

professional astrophysicist might give to such suggestions, assuming they have examine the evidence, is that all other 

hypothesis are just plain wrong and they can prove it. If so, it is difficult to understand why so many other professional 

astrophysicist persist with these alternative models? 

 

However, while many astronomers now support the general concept of dark matter, the actual nature of this ‘matter’ remains 

highly speculative. As such, much of the current research activity appears to be directed towards detecting the existence of 

http://www.mysearch.org.uk/website1/html/644.Background.html
http://www.mysearch.org.uk/website1/html/641.Models.html
http://www.mysearch.org.uk/website1/html/647.Mass.html
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dark matter, after which its nature might be more easily quantified and interpreted. In this context, many astrophysicists may 

already feel that there is now sufficient observational evidence in support of the existence of dark matter, even though others 

appear to be able to explain the observed rotation curves without the need of dark matter. However, if you accept the 

argument that dark matter is still a speculative premise, it does not seem unreasonable to examine some alternative 

hypothesis, which is essentially the purpose of this entire section of discussions. 

 
For the purpose of general discussion, we can use our own Milky Way galaxy as representative of the structure of many 

galaxies. We can therefore use the diagram above to highlight the key issue of mass distribution within galaxies, even though 

detailed analysis may be highly dependent on the specific type of galaxy being examined. Again, as a generalisation, the 

diagram below reflects the ‘observed’ rotation curve for the Milky Way in terms of the blue plot, where the vertical axis 

corresponds to orbital velocity [v] and the horizontal axis corresponds to the radial distance [r] in kiloparsecs. In contrast, the 

‘expected’ curve based upon stellar mass and gas in the Milky Way is 

shown red and it has been suggested that the logic for this curve 

might be linked to a re-arrangement of [1]: 

 

[3]       

 

However, this ‘expected’ value is based on the assumption that the 

gravity force [F] is defined by a spherical point mass, which may not 

apply within the flatten disk structure of most galaxy. The scatter in observations, as indicated by gray bars, and thought to be 

explained by distribution of dark matter, which is also not factored into [3]. For reference purposes, the position of our sun is 

marked as the yellow ball is some 2/3 of the way to the galactic edge. On the basis of this description, it would appear that one 

of the key issues in astrophysics is to understand the real mass-energy distribution of a given galaxy type as a function of radius 

[r], which also requires an understanding of the various galactic regions, e.g. bulge, disk and halo. However, in practice, the 

structure and mass-energy distribution is much more complex than being suggested by any of the  diagrams above. For 

example, within the galactic bulge, there is the additional structure of the Active Galactic Nucleus (AGN) and within it, the 

speculation of a rotating black hole that might have significant frame dragging effects on the surrounding spacetime. Within 

this emerging complexity, we might realise that comparing the brightness of galaxies to known star types, as previously 

suggested, to estimate the relative mass of the galaxy may not necessarily yield reliable results, especially if the ‘normal’ matter 

of shining stars is now thought to only constitute about 10% of the total mass-energy of a galaxy. Clearly, estimating the mass-
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energy of a rotating black hole presents its own problems, while the quantum and plasma physics within the accretion regions 

around the black hole within the AGN might also have additional forms of energy that exceed normal ‘expectation’ of 

gravitational energy by many orders of magnitude. Of course, all this complexity exists within the bulge region before we even 

reach the disk and halo region in which the rotation dynamics are observed, which may also include both orbital and radial 

motion of the stars and gas within the spiral arms plus all the speculative interactions with dark matter. As such, it is possibly 

not so surprising that there is, as yet, no definite description of the physics at work within a galaxy. So while acknowledging the 

enormous advances in astrophysics in recent years, it may not be inappropriate to table the following question for reflection at 

this stage: 

 

Does anybody known enough to move beyond hypothesis? 

 

At this stage, even a cursory review of the myriads of papers that speculate on the mass distribution and rotational curves 

within galaxies, often based on different premises and underlying models, may only serve to confuse rather than consolidate 

understanding. If this assessment is not so far from the mark, then it is possible that there is no real authority in the consensus 

of the majority before there is more evidence to put any given hypothesis on firmer foundations. Therefore, at this stage, the 

following table simply provides some general data for future reference later discussions. 

 

Parameter Units Symbol Earth Sun Galactic BH 

Solar Mass  
 

- 1 1.00E+12 

Mass kg M 5.97E+24 2.98E+30 2.98E+42 

Radius metres r 6.38E+06 6.96E+08 4.45E+15 

Radius LY r - - 0.47 

Schwarzschild Radius Rs=2GM/c
2
 Rs 8.91E-03 4.45E+03 4.45E+15 

Circumference (2π)*r C 4.01E+07 4.37E+09 2.80E+16 

Orbital Velocity m/s vO 464 1997 1.50E+08 

Orbital Velocity km/hr vO 1670 7189 - 

Period secs T 86,400 2188260 1.87E+08 

Angular Velocity 2π/T ω 7.27E-05 2.87E-06 3.36E-08 

Viscosity kg/ms η 6.81E+13 1.23E+16 2.25E+19 

Angular Drag rads/sec ωD 6.78E-14 1.23E-11 2.24E-08 

Angular Drag rads/year ωD 2.14E-06 - - 

Tangential Drag v=ωr vD 4.32E-07 8.52E-03 9.97E+07 

Angular Momentum m
2
kg/s J 1.77E+34 4.14E+42 1.99E+66 

Spin Parameter metres α 9.89E+00 3.47E+04 1.52E+14 
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Note: The idea of angular momentum [J] and the spin parameter [α] are used and explained in terms of the Kerr metric. 

The idea of angular drag and viscosity relate to the frame dragging of spacetime around a black hole. The values shown 

above will also be subject to modification when considered in terms of the Kerr metric. 

 

So, by way of a general summary, galaxies can exist in relative isolation or found in groups, clusters or superclusters. Sometimes 

galaxies can merge together which can lead to rapid star formations. It is thought that our own Milky Way galaxy may 

eventually merge with the nearby Andromeda galaxy, which is currently 2.5 million light years away. The Milky Way completes 

a revolution every 250 million years and is believed to have a mass of 100 billion times that of the Sun.  The visible disk of the 

Milky Way is thought to be 100,000 light years in diameter.  It is generally believed that the Milky Way galaxy is over 12 billion 

years old.  Most galaxies are believed to be billions of years old. One of the youngest galaxies discovered is the 1-Zwicky-18 

galaxy that is estimated to be only 500 million years old. The most common type of galaxies found to date are dwarf elliptical 

galaxies.  

 

1.4.6.2 The Rouke Model 
 

MIT News 

Researchers recently obtained the first observational evidence that massive, rotating black holes in our galaxy drag 

space and time around with them as they gather matter into their spiral, much as a twister picks up objects in its path. 

The phenomenon, known as frame-dragging, was first predicted in 1918 as a natural consequence of Einstein's general 

theory of relativity, which describes the effects of gravity on space and time 

 

Some estimates size the galactic black hole at the centre of the 

Milky Way to be in the order of 5*10
6
 solar masses. Therefore, the 

galactic black hole cited in the previous table appears to be 

extremely large, but compatible to the one used in the Rouke 

model.  The review of this model will be little more than an 

overview that provides links to the actual papers published by 

Rouke and MacKay, such that the reader can consider the detailed 

arguments for themselves. While general aspects of this model 

appears throw up some very interesting ideas, it was not easy for a 

lay-person, like myself, to always understand the mathematical 

premise of some of the arguments being forwarded. This process 

may have been compounded by the fact that Rouke and MacKay 

are primarily mathematicians and possibly have a tendency to 

describe a problem using the semantics of a mathematician rather 

than a physicist. The process of review was also hindered by the 

absence of any dates on their publications plus a lack of any 

numbering of the equations and the general adoption of geometric 

units within the equations. As such, the physical premise underpinning some of the key equations was not always obvious, e.g. 

the rotation curve. However, it is accepted that anybody with the necessary background in this subject might implicitly 

understand the assumptions being made.  However, we might start by trying to briefly summarise some of the salient 

assumptions of their galactic model: 

http://www.mysearch.org.uk/website1/html/651.Kerr.html
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Galactic Black Holes  

Are sometimes referred to a super-

massive black holes (BH) and are the 

largest type of BH, speculated to exist 

at the centre of most galaxies. These 

BH's are assumed to have a mass 

potentially of the order of billions of 

solar masses. 

 Galaxies are powered by super-massive central black holes. 

 Essentially all galaxies have an active galactic nucleus (AGN). 

 A rotating black hole within the AGN results in frame dragging of spacetime. 

 Mach principle of inertia is assumed. 

 Mach’s principle is incompatible with the Kerr metric. 

 As an interim solution, Newtonian approximations are assumed. 

 The model provides a good approximation of the galactic rotational curve. 

 

It should also be highlighted that the model challenges the requirement for dark 

matter, while still claiming to provide a good approximation for the observed 

galactic rotation curves. However, in a wider and possible more speculative 

context, the papers also challenge the lifetime of galaxies within the big bang 

model and the interpretation of redshift in connection to some objects, such as 

quasars. As indicated, the authors have adopted the pragmatic approach of using 

Newtonian dynamics to establish an interim model, while recognising the need 

to develop a new Machian-metric, while remaining compatible to the theory of 

general relativity. An overview of the Kerr metric of a rotating black hole is also 

provided in a subsequent section of the discussion along with a wider review of galactic formation and black hole models in 

general. However, the following extract from one of the Rouke and MacKay papers might provide an initial insight to the claims 

of the current model: 

 

"We hope to make progress on the problem of finding a satisfactory Machian-Rotation (MR) metric in future joint 

papers. This paper is intended to motivate this search and to give some of the properties of the desired metric. In 

particular it is shown here that a suitable MR–metric will solve one of the major outstanding problems of cosmology, 

namely the nature of the spiral arms in a normal galaxy, for which there is no present satisfactory explanation. Using our 

naive version of Mach’s principle, together with Newtonian dynamics, a model for the dynamics of spiral galaxies is 

given which fits observations and has no need for exotic hypotheses, i.e. a fortuitous distribution of unobserved dark 

matter. The basic idea is that the centre of a normal spiral galaxy, such as the Milky Way, contains a hyper-massive 

black hole, of mass 10
11 

solar masses or more, as has been observed for active galaxies, and that this black hole emits 

jets of light particles, which condense into stellar systems as they progress outwards. The visible arm structure is formed 

by the condensing particle streams and the resulting star creation regions, which move outwards along the arms as they 

rotate around the centre. The dynamic is directly controlled by the massive centre and the principal engine for the 

dynamic is inertial drag." 

 

However, it needs to highlighted that the Machian metric, should it exist, is not the sole explanation of the dynamics within the 

spiral arms of this model. For what Rouke and MacKay describe as inertial drag, i.e. frame dragging , also requires some 

mechanism within the galactic accretion disk surrounding the rotating black hole to eject quantum matter into the spiral arms, 

which then condenses into stars before finally falling back into the AGN  after billions of years. This process is called ‘The 

Generator’ that is introduced via the following edited extract: 

 

"A massive black hole accumulates a shell of highly active matter around it. Energy feeds into the shell mostly by ‘tidal 

effects’ and the shell becomes extremely hot. A plasma of quarks forms nearest the centre, condensing into a normal 

http://www.mysearch.org.uk/website1/html/651.Kerr.html
http://www.mysearch.org.uk/website1/html/649.Formation.html
http://www.mysearch.org.uk/website1/html/650.Models.html
http://www.mysearch.org.uk/website1/html/643.Mach.html
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plasma of ionised hydrogen and helium nuclei. There may be a mechanism not yet understood whereby energy from the 

black hole feeds directly into the rotation of the belt. In any case the setup is similar to the mechanism which is pretty 

well understood whereby an ‘active’ galaxy accumulates an accretion disc. Assume for purposes of exposition that there 

is no net rotation to start with. Energy feeds into the belt which becomes unstable and huge explosions throw matter off 

into space. These explosions cause a loss of angular momentum and the whole system starts to rotate the other way. 

Then the mechanism described in terms of the rotation curve starts to come into play and, further out, matter ejected 

from the centre starts to rotate with the hole and against the rotation of the belt. Matter is lost from the outer regions 

and, if ejected from the centre fairly slowly so that the inertial drag effect dominates, carries away angular momentum 

of the opposite sign. There is a stable situation in which the loss of angular momentum in both directions is in balance: 

highly energetic particles ejected from the belt are not strongly affected by inertial drag effects and carry away 

clockwise angular momentum; less energetic particles are affected and carry away anti-clockwise angular momentum. 

This balancing effect is why there is strong stability in the limiting tangential velocity. Probably stable limiting rotation 

velocity is a simple function of black hole mass but we would need a rather better model to determine this." 

 

While the Rouke model rejects the Kerr metric on the grounds that it is not Machian, a subsequent discussion covering the 

basics of the Kerr metric  suggests that the angular momentum associated with the rotating black hole might escape through a 

region called the ‘ergosphere’. This mechanism may be analogous to the reference to ‘tidal effects’ in the extract above. 

However, in order to pursue the details of the Rouke model, the next discussion will provide an introduction to the papers 

published so far. 

 

Black Hole Properties  

Unlike 'normal' BH's, galactic BH's have some less obvious properties based on the mass [M] contained with its 

Schwarzschild radius [Rs]. For the average density [ρ] is defined by the mass [M] divided by its volume, as a function of 

[Rs]. As such, a galactic BH may have a density [ρ]  less than water. This is because [Rs] is directly proportional to the 

mass [M], while density [ρ] is inversely proportional to the volume. As such, the gravitational force in the vicinity of a 

galactic BH event horizon may be significantly weaker than normally assumed, although escape would  still be 

impossible beyond the [Rs] limit. 

 

 

1.4.6.2.1 Introduction to Published Papers 
 

As previously suggested, the chronology of the published material on the 

‘Rouke website’ can be confusing, as none of the documents are dated. The 

overall status is also confused by two related documents found in Cornell 

University Library, entitled ‘A new paradigm for the universe’ submitted in 

2003 and 2012. The first document appears to be a preliminary version written 

by Rouke, which is then superseded by the joint work of Rouke and MacKay 

submitted in 2012, which can be accessed via the following links: 

 

 A new paradigm for the universe: 03-Nov-2003 

 A new paradigm for the universe: 25-Jan-2012 

 

http://www.mysearch.org.uk/website1/html/651.Kerr.html
http://www.mysearch.org.uk/website1/html/653.Horizons.html
http://msp.warwick.ac.uk/~cpr/paradigm/
http://www.mysearch.org.uk/website1/pdf/642%200%200311033v1.pdf
http://www.mysearch.org.uk/website1/pdf/642%200%20A%20new%20paradigm%20for%20the%20universe.pdf
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Colin Rouke 

A basic Machian model for the 

dynamics of galaxies is given which 

explains the anomalous rotation curves 

and the predominant spiral structure 

without the need for 'dark matter'. 

Colin Rouke 

This note is part of a program 

whose aim is to establish a new 

paradigm for the universe. In this 

paradigm the universe is long-lived 

(several orders of magnitude 

greater than the current estimate 

for its age) and homogeneous in 

the large in both space and time. 

The format of the 2012 paper is much changed, such that it is little more than a 

general overview with links to more detailed paper on ‘their website’ . Again, 

there is some confusion, as neither of these papers appear on this website, 

although there is another overview paper, which may or may not be another 

revision, in progress, of the papers above: 

 

 Mach’s principle and the dynamics of galaxies 

 

For those interested in the general ideas being proposed, the overview papers cited above might suffice, although it seems that 

most of the supportive evidence and rationale is provided in the following secondary papers.  The order of the list below is 

thought to better reflect the direction of increasing speculation and, from a review perspective, it may be better to start off 

anchored in the supportive observational data, which then leads the authors to their more speculative conclusions. Again, these 

papers can be accessed via the links below or via the website indicated above: 

 

 Observations 

o 1.1: Optical distortion in the Hubble Ultra-Deep Field 

o 1.2: Interpreting observed local stellar velocities 

o 1.3: A note on Sagittarius A 

o 1.4: Intrinsic redshift in quasars 

 The structure of galaxies 

o 2.1: A new paradigm for the structure of galaxies 

o 2.2: Notes on rotation metrics – tba 

o 2.3: Stability of rotating systems - tba 

 The geometry of spacetime 

o 3.1: Notes on de Sitter space 

o 3.2: Natural flat observer fields in spherically symmetric spacetimes 

o 3.3: Natural observer fields and redshift 

o 3.4: Gamma ray bursts 

 

As links to the actual papers are provided, the following outline will do little more 

than select a number of extracts, which appear worthy of consideration or further 

comment: 

 

Optical distortion in the Hubble Ultra-Deep Field: 

"It is proposed that the strange appearance of all non-standard galaxies in the 

Hubble Ultra-Deep Field is due to optical distortion caused by non-uniformity 

in the intervening spacetime….Given the clear evidence of such distortion, in 

the field, there are no grounds for concluding that an undistorted view of the 

universe in the region covered by the field would be qualitatively different 

from a more local region." 

 

http://msp.warwick.ac.uk/~cpr/paradigm/
http://www.mysearch.org.uk/website1/pdf/642%201%20galactic-dynamics.pdf
http://www.mysearch.org.uk/website1/pdf/642%201.1%20HUDF-2.pdf
http://www.mysearch.org.uk/website1/pdf/642%201.2%20velocity.pdf
http://www.mysearch.org.uk/website1/pdf/642%201.3%20sgrastar.pdf
http://www.mysearch.org.uk/website1/pdf/642%201.4%20hawkins-time-dilation.pdf
http://www.mysearch.org.uk/website1/pdf/642%202.1%20struc-gal.pdf
http://www.mysearch.org.uk/website1/pdf/642%203.1%20deSitter-notes.pdf
http://www.mysearch.org.uk/website1/pdf/642%203.2%20escape-submit-ref.pdf
http://www.mysearch.org.uk/website1/pdf/642%203.3%20redshift-nat-final.pdf
http://www.mysearch.org.uk/website1/pdf/642%203.4%20GammaRayBursts.pdf
http://www.mysearch.org.uk/website1/pdf/642%201.1%20HUDF-2.pdf
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Colin Rouke 

The main hypothesis is that the centre of a normal galaxy 

contains a hypermassive black hole of mass around 10
15

 

solar masses. The centre generates the spiral arms by a 

process whereby matter is ejected from the centre and 

condenses into solar systems. This implies that stars in 

the arms are moving outwards along the arms and it is 

this movement that maintains the shape of the arms and 

the long term appearance of the galaxy. 

Clearly, this aspect of observational data is a specialised subject and those with the necessary knowledge might challenge some 

of the points raised. However, for the lay-person, it is interesting to ‘see’ some of the images from which so much appears to be 

extrapolated. 

 

Interpreting observed local stellar velocities:  

"There are striking observations relating to the velocity distribution of stars which are near enough to us for proper 

motions to be established. This note interprets these observations in terms of the outward stellar flow along the spiral 

arm of our galaxy in which we lie and gives natural explanations for their salient features." 

 

This short paper provides some useful introductory 

information concerning the potential complexity of the motion 

within a  galaxy, especially in connection to its age. The analogy 

that the motion within a galaxy resembles a ‘Catherine 

Wheel’ firework with rotation in the direction opposite to the 

spiral arms may be a useful visualisation, which should be 

considered against the more accepted idea of ‘galactic 

standing waves’. Within the basic model suggested, a star will 

not only move tangentially within the rotation of the galaxy, 

but also outwards along the spiral arm. 

 

A Note on Sagittarius A: 

"It is suggested that SgrA*, together with the stars which orbit it, form an old, nearly totally collapsed, globular cluster, 

that it is not at the centre of the galaxy and that there is no reason to suppose that it is at rest." 

 

By way of explanation, nearly 20 years of observation of Sagittarius A* has led to the generally accepted idea that this object is 

the effective stationary centre of our galaxy, i.e. the Milky Way, and hides a massive black hole of some 4*10
6
 solar masses. 

 

A Note on Sagittarius A: 

"I suggest that we are looking here at the root of a spiral arm where stars are being born and that this accounts for the 

brightness of the radio image. This implies that the region is full of pre-stellar material (dust and light elements) out of 

which stellar systems are condensing." 

 

Whether Rouke’s analysis of the COBE imagery is adequate grounds for dismissing the accepted interpretation of the data 

available might well be questioned. However, it is not clear that it can be immediately rejected. 

 

Intrinsic redshift in quasars:  

"A recent paper by M.R.S. Hawkins ‘On time dilation in quasar light curves’ conclusively proves that quasars have 

intrinsic redshift." 

 

The quote above also provides a link to the Hawkins’ paper, where the abstract might suggest that this author did not 

necessarily draw the same conclusions as Rouke. However, before discussing the idea of ‘intrinsic’ redshift, it might be worth 

summarising the scope of potential causes of redshift: 

http://www.mysearch.org.uk/website1/pdf/642%201.2%20velocity.pdf
http://www.mysearch.org.uk/website1/pdf/642%201.3%20sgrastar.pdf
http://www.mysearch.org.uk/website1/pdf/642%201.4%20hawkins-time-dilation.pdf
http://www.mysearch.org.uk/website1/pdf/642%201.4%20hawkins-time-dilation.pdf
http://www.mysearch.org.uk/website1/pdf/642%20Hawkins.pdf
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 Doppler:  

Classically, this effect is caused by a relative velocity between source and receiver, where the wave propagates through a 

continuous media. The issue of a media in regard to the vacuum of space is debatable.  

 

 Time Dilation: 

In terms of special relativity, the velocity of the source frame, with respect to a ‘stationary’ observer, leads to time running 

slower in the observed source when relativistic velocities are involved.  

 

 Gravitational:  

In terms of general relativity, proximity to any large gravitational mass will also cause time dilation.  

 

 Cosmological:  

This form of redshift is directly attributed to the expansion of space. 

 

So, given all these potential causes, we might want to question the idea behind an ‘intrinsic redshift’. However, in some respect, 

it might simply be said that an intrinsic redshift is any mechanism where the redshift is not directly proportion to distance, such 

that some aspect of Hubble’s law might be questioned. The following bullets are a paraphrasing, not direct quotes, of Rouke’s 

description of intrinsic redshift within the model under review: 

 

 It is commonly accepted that the ‘generator’ of a quasar is a compact highly massive object usually called a ‘black hole’ and 

that the radiation either comes directly from the black hole or, more likely, from an excited layer of matter close to the 

hole.  

 

 There is no similar consensus for the ‘modulator’, i.e. something that affects the redshift on-route from the source-

generator to the final observer. However, for active galaxies, there is a consensus view that there is again a central black 

hole, which is surrounded by a rotating accretion sphere of matter that exists in the form of a rotating equatorial disc.    

 

 It seems plausible that quasars and active galaxies are part of a spectrum of phenomena associated with a ’black hole’ 

object surrounded by a rotating sphere of matter. In this context, Rouke argues that this additional rotational matter 

provides the basis for what is described as the ‘modulator’ and an explanation for the results derived by Hawkins’. 

 

 However, it is quite possible that the rotating sphere of matter around the black hole is not uniform. Therefore, the 

radiation from the generator, which passes through this sphere on its way to us, might also be subject to the observed 

variations due to non-uniformities in the sphere.  

 

 The generator, in close proximity to the black hole horizon, may be subject to fairly extreme gravitational redshift, while 

the modulator being at some distance, may be far less affected. If so, a quasar may be far closer, and less luminous, than 

normally interpreted based on the idea of cosmological redshift in isolation.  

 

 The idea of an intrinsic redshift was first championed by Halton Arp, but was seen by mainstream cosmology to be highly 

controversial. Rouke expresses his surprise at this reaction, because the process seems quite plausible and does not really 

contradict conventional cosmology. 

http://www.mysearch.org.uk/website1/html/340.Hubble.html
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In part, the papers outlined above form the basis of the observational data said to support a new model of galactic dynamics, 

which is outlined in the paper entitled ‘A new paradigm for the structure of galaxies’. The model supports the basic idea that 

galaxies normally contain a super-massive object, e.g. a black hole, at its centre that determines the dynamics of the galaxy, 

including the generation of the spiral arms. As such, it claims to address a number of persistent problems with previous models: 

 

 The rotation curve of a galaxy 

 The spherical bulge at the centre of a normal galaxy 

 The spiral structure and long-term stability of a normal galaxy 

 The age and orbits of globular clusters 

 The origin and prevalence of solar systems 

 

However, while it is argued that the model is compatible with current observations, it obviously differs in its interpretation and 

ultimately challenges the  accepted big bang model. Although there are a lot of arguments to be considered, this review will 

only comment on a few key aspects related to the rotational curves of galaxies and the idea of the generator of the spiral arms. 

The next discussion continues with the idea of Mach’s principle and frame dragging. 

 

1.4.6.2.2 Mach’s Principle and Frame Dragging 
 

We will begin by quoting the objection to the Kerr metric raised in the published 

papers of Rouke and MacKay, which requires them to develop a new metric for the 

rotating black hole, which is thought to power the active galactic nucleus of this model: 

 

"Mach’s principle is the only sane way to understand the origin of inertia in the 

universe and we must restrict to solutions of Einstein’s equations which are 

Machian. In particular the Kerr solution is not a valid model for the metric near a 

rotating mass and we need to find a Machian rotation metric (an MR–metric) to 

replace it. The fact that it is possible to construct non-Machian solutions to 

Einstein’s equations does not imply that Mach’s principle is somehow 

incompatible with Einstein. The Kerr metric is based on a particular set of 

boundary conditions, i.e. rotating central mass and flat, zero mass, at infinity. 

These boundary conditions are in themselves non-Machian and hence any 

solution which fits them must also break Mach’s principle. With good boundary 

conditions there may well be Machian solutions and this is what we hope to find." 

 

In the context of the galactic model being reviewed, the description of what is called the galactic rotation curve appears to be 

of key importance. However, the idea of inertial rotation and frame dragging are often linked with the ideas encapsulated 

within Mach’s principles. By way of some initial historical background, Ernst Mach (1838-1916) was a physicist and philosopher, 

who is now often remembered for his ideas about the possible root cause of inertial mass: 

 

Mach’s Principle:  

The inertial mass of a body is caused by its interactions with the other bodies in the universe. 

  

http://www.mysearch.org.uk/website1/pdf/642%202.1%20struc-gal.pdf
http://www.mysearch.org.uk/website1/html/645.Rotation.html
http://www.mysearch.org.uk/website1/html/643.Mach.html
http://www.mysearch.org.uk/website1/html/651.Kerr.html
http://www.mysearch.org.uk/website1/html/642.Papers.html
http://www.mysearch.org.uk/website1/html/642.Papers.html
http://www.mysearch.org.uk/website1/html/645.Rotation.html
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Newton's Bucket 

Newton tried to understand the relationships between objects and movement by visualising a spinning bucket of water. 

When the bucket is first turned, the water stays still even though the bucket is moving. Then the water starts to spin too. 

The surface of the water dips as the liquid moves up the sides of the bucket but it is kept in place by the bucket’s 

confining force. Newton believed that the water’s rotation could only be understood if seen in the fixed reference frame 

of absolute space and judged against his coordinates. 

 

Mach's 'Bucket' 

Mach also considered Newton's bucket argument. However, he wanted to understand if it was possible to know if the 

bucket was spinning, if the bucket itself was the only thing in the universe. He suggested that it would be equally 

possible to say that the water was rotating in relation to the bucket. Mach believed that the only way to make sense of it 

would be to introduce another object into the bucket’s universe. According to Mach, motion requires external reference 

objects for it to make sense, such that inertia would be a meaningless concept in a universe with just one object in it. 

 

While many of Mach’s ideas are said to have influenced Einstein in his formulation of general relativity, the full scope  of Mach’s 

work in this area can often appear to be contradictory. However, the complications surrounding many of these ideas will not be 

address directly, although the following paper may provide some insight to many of the wider issues under debate: 

 

The Lense–Thirring Effect and Mach’s Principle:  

"By popular usage Mach’s principle has acquired a range of meanings, some of which are in conflict with each other. 

Mach’s writings have been a source of inspiration to many, including Einstein. We hope that our effort at distinguishing 

between existing versions of Mach’s Principle will serve to clarify ideas and eliminate needless controversy." 

 

However, the physics of rotational frames might also be introduced in terms of the work of Georges Sagnac (1869-1928) and his 

discovery of what has become known as the ‘Sagnac Effect’ . In 1913, Sagnac developed an idea that would allow the 

measurement of rotation around some central point at some given radius [r], although the following description is somewhat 

updated, both in terms of technology and scope. Imagine an optical fibre is arranged in a circle, with radius [r], into which 

photons are then transmitted in both directions, such that the time taken for each direction can be measured. If they return 

simultaneously, the system is said to be non-rotating, 

otherwise the difference in the time taken is said to be a 

measure of how fast the device is rotating around some 

central point at radius [r]. The basic effect might be 

visualised as shown right.  

 

Note, for the purposes of this conceptual 

discussion, we will not worry about the refractive 

index [n] of the fibre affecting the speed of light 

[c].  

 

The following derivation will now try to quantify the Sagnac effect in terms of the flat spacetime geometry defined by 

the Minkowski metric, where [r] now represents the coordinate orbital radius: 

http://www.mysearch.org.uk/website1/pdf/642.Mach%20principle.pdf
http://www.mysearch.org.uk/website1/html/245.Concepts.html
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[1]      

 

Given that the form of this equation can be referenced through the link provided above, the various parameters in [1] will not 

be detailed at this point. While this metric has only limited application when considering a galactic model driven by a rotating 

black hole surrounded by charged plasma, we might continue by transforming [1] into a pseudo-rotating metric by changing 

[dφ] to [dφ-ω.dt], where [ω] represents some angular velocity around the orbital axis. 

 

[2]       

 

We might immediately simplify [2] by recognising that for the purposes of this general discussion, we might set [ds=dr=dθ =0] 

for a photon in a circular equatorial orbits: 

 

[3]       

 

However, we want to solve this equation in terms of the overall rate of rotation, which can be done by dividing through by 

[dt
2
]: 

[4]       

 

At this point, it might be seen that [4] is now in the form of a quadratic equation [ax
2
+bx+c], which can be solved as follows: 
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[5]       

As such, we might interpret the term [c/r] in [5] as the angular velocity of light in the case of a non-rotating system, although in 

terms of measurements, we would like to know the time taken in each direction: 

 

[6]      

 

Based on the form in [6], we might see that as the rotational velocity [ω] approaches zero, then the time difference also 

approaches zero, such that [∆t] can be seen to be a function of its angular velocity [ω]. While the discussion of the Sagnac effect 

might give us some basic insight to some of the mechanisms at work within rotating systems, it is clear that any galactic model 

will need to be extended beyond the flat spacetime of the Minkowski metric. However, we will defer this aspect to another 

discussion entitled ‘Black Hole Models’. For now, we might recognise that the work of Sagnac and Einstein both post-dated the 

work of Mach, such that we might appreciate that Mach was not really in a position to quantify his ideas beyond a certain 

amount of philosophical speculation. However, later, when Einstein published his general theory of relativity, in 1916, Mach’s 

principle start to be considered in terms  of a spacetime geometry that was affected by the presence of matter. While the 

previous derivation linked to the Minkowski metric in [1] describes the idea of rotation in flat spacetime without any implied 

gravitational mass [M], we might realise that any rotational effects could 

still be inferred by reviewing the form of [2], when reduced to the 

equatorial plane, i.e. θ=90o, where [dθ] and [dr] are both zero: 

 

[7]       

 

http://www.mysearch.org.uk/website1/html/650.Models.html
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In the context of [7], the idea of rotation is linked to the coefficients [gφφ] and [gφt], where [gφt] is a new factor created by the 

introduction of the relative angular frame velocity [ω]. As such, the frame dragging angular velocity [ωD] might be defined as 

the ratio of [gφt] to [gφφ]. 

 

[8]       

 

However, the form of [8] does not quantify the mass [M], which is ultimately the root cause of the frame dragging effect. To 

address this issue, we might be able to introduce the idea of a rotating mass [M] into [8] without changing its basic form as 

follows: 

 

[9]       

 

The final form in [9] is based on the fact that [MωR
2
] can be described as the angular momentum [J] of the rotating mass [M] at 

its radius [R], where [R] is assumed to be much larger than the Schwarzschild radius [Rs] for the moment. Given that the nature 

of [9] is not explicitly describing a black hole, where the physical radius [R] of mass [M] might be somewhat ambiguous, the 

form of [9] is said to describe weak-field frame dragging, which is often linked to the Lense-Thirring metric.  

 

Lense & Thirring 

In 1918, Joseph Lense and Hans Thirring produced an approximate solutions of the equations of general relativity for 

rotating bodies. This result suggested that a massive rotating body would 'drag' space-time round with it. This is now 

called 'frame dragging' or the 'Lense-Thirring effect'. Later, in 1966, Brill & Cohen showed that frame dragging should 

occur in a hollow sphere. In 1985, Pfister & Braun showed that sufficient centrifugal forces would be induced at the 

centre of the hollow massive sphere to cause water to form a concave surface in a bucket, which is not rotating with 

respect to the distant stars. As such, it appears to support the symmetry implied in Mach's position. 

 

However, the main purpose of these equations is simply to be able to quantify two initial examples of frame dragging in terms 

of the Earth and a galactic black hole with a mass of [~10
12

] solar masses, as assumed by the Rouke model under review. In [9], 

we see that the frame  dragging velocity will be a function of the coordinate radius [r], while the angular momentum [J=MωR
2
] 

is define by the rotation of the Earth’s mass [ME] at its physical radius [RE]. The following graph shows how the angular [ωD] and 

tangential [vD] velocity change as a function of [r/RE]. 
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In some respects, the plot of the tangential velocity [vd] is more intuitive than the angular velocity [ωd] and shows that even 

close to the Earth, the frame dragging velocity is incredibly small, such that its direct measurement is virtually impossible. 

However, as indicated, making a similar statement for a super-massive black hole ‘singularity’ hiding behind an event horizon at 

[Rs] might be subject to certain conceptual ambiguities. In the context of the galactic model being proposed, the black hole has 

an assumed mass [M] of ~10
12

 solar masses with an associated Schwarzschild radius [Rs] of 2.98*10
15

 metres. 

 

But how do we quantify the rotation of a black hole? 

 

Again, examination of [9] suggests that the rotation is quantified in terms of its angular momentum [J=MvR]. However, a black 

hole might be  said to have no physical radius, only a centre of mass surrounded by an event horizon at [Rs] at which the escape 

velocity exceeds the speed of light [c]. 

 

So how can a black hole be described as rotating? 

 

It might be inferred from the conservation of angular momentum [J] that if this quantity existed in a rotating star before its 

collapse into a black hole, it must be conserved after its collapses behind the event horizon. Equally, as the spinning star begins 

to collapse, i.e. its radius reduces, such that its rotational velocity [v] must increase in order to maintain its angular momentum 

[J=MvR]. In fact, calculations suggest that many black holes may ‘rotate’ with a velocity [v] approaching the speed of light [c]. In 

some respects, the description of this rotation is difficult to explain in the vocabulary of classical physics and possibly not much 

easier when using the mathematical semantics of general relativity. In a sense, the idea of ‘physical’ mass, as defined by 

kilograms, ceases to have any really meaning for an black hole and we are forced towards a description of an energy vortex of 

spacetime, although the idea of a Newtonian centre of mass remains. While a more detailed description will be attempted in 

the subsequent discussion of the Kerr metric, it might be worth outlining some of the issues at this stage, starting with the 

notion of geometric mass [Μ]: 

 

http://www.mysearch.org.uk/website1/html/651.Kerr.html
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[10]     

 

In [10], we see that the geometric mass has units of metres, not kilograms, which we might also compare against the equation 

for the Schwarzschild radius: 

 

[11]     

 

As such, [10] first suggests that the physical mass [M=kg] of a black hole can be converted into the  geometric mass 

[Μ=metres], which [11] then quantifies in terms of the distance radius [Rs/2]. While possibly not the preferred description of 

general relativity, it might be said that the rotational velocity [v] of the black hole of mass [M] is defined at a radius [Rs/2], such 

that we might now define the angular momentum of our galactic black hole example on the basis of the most extreme case, 

where [v=c]. Again, we might visualise this extreme example in terms of a graph: 

 

 
 

While the shape of the curves does not look any different from the previous graph, it can be see that the tangential velocity, on 

the red-scale on the right, is now shown as a ratio [v/c]. As such, the spacetime surrounding such an extreme black hole could 

be dragged around at incredible velocities. However, what also needs to be highlighted, at this stage, is that even a 

Schwarzschild radius [Rs], as large as used in the example above, only extends out ~0.31 lightyears into a galaxy that has an 

estimated radius of some 50,000 lightyears. As such, the extreme relativistic frame dragging effects will only exist in the very 

heart of the Active Galactic Nucleus (AGN), although it is still assumed to be the power source generator for the galactic 

dynamics subsequently seen at larger radii. The inference of rotation inside the event horizon [Rs] has also not really been 

addressed, as this aspect is deferred to later discussions. While the Rouke model rejects the Kerr metric on the grounds that it 

cannot align to Mach’s principle, the analysis subsequently provided of this metric might still give a better insight to the scope 

of the issues linked to frame dragging around a super-massive black hole. 

 

1.4.6.2.3 Reflective Background 
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In a previous discussion, some of the open problems in science were listed by way of providing a more reflective perspective on 

the actual state of understanding. While the full list can be review via the link provided, the following summary below simply 

highlight some of the categories of problems in just cosmology and astrophysics:. 

 

Cosmology  

Cosmic Inflation?, Horizon Problem?, Future of the Universe?, Gravitational Waves?, Baryon Asymmetry?, Constant 

Problem? Energy/Mass Distribution? Dark Matter? , Dark Energy?, Dark Flow?, Alignment of Anisotropy?, Shape of the 

Universe? 

 

Astrophysics  

Nuclear Astrophysics?, Accretion Disc Jets?, Coronal Heating Problem?, Diffuse Interstellar Bands? , Gamma Ray Bursts?  

Black Holes?, Observational Anomalies?, Galaxy Rotation Problem?, Supernovae?, High Energy Cosmic Rays?  

Rotation Rate of Saturn?, Magnetar Magnetic Field? 

 

Within this reflective context, the Rouke-MacKay model raised a number of speculative ideas that challenge, not only the 

galactic rotation model, but the very framework of the current cosmological model. While many aspects of this speculation will 

not be addressed directly, given that they can be reviewed via the published papers, now might be an appropriate point to 

provide some reflective background to this type of speculation. As such, it might be worth injecting a note of caution at this 

point; for while the Big Bang model appears to have its own set of issues, it is also predicated on some extremely compelling 

arguments, e.g. 

 

 Big-Bang Nucleosynthesis 

 Baryon Acoustic Oscillations 

 

As indicated, the big bang model is a composite of two expanding density models, i.e. the inflation model followed by the ΛCDM 

model. Although the very early inflation model is still highly speculative, the two topics listed above appear to provide some 

compelling arguments for the follow-on ΛCDM model. However, as these topics are not really the focus of this section of 

discussions, they will only be outlined by way of reference: 

 

Big-Bang Nucleo-synthesis:  

This theory relates to the relative abundance of, and the process by which the light elements, i.e. deuterium, helium, and 

lithium, were produced in the early universe. 

http://www.mysearch.org.uk/website1/html/625.Problems.html
http://www.mysearch.org.uk/website1/html/641.Models.html
http://www.mysearch.org.uk/website1/html/642.Papers.html
http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
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In an expanding model, the early Universe is assumed to have been very hot, such that matter would only have existed 

as ionized particles, i.e. protons, neutrons and electrons. Note, the stability of electrons within an atomic structure is 

dependent on photon energy, which may be linked to another process called ‘decoupling’ such that nucleosynthesis is 

really only considering the formation of atomic nuclei, i.e. protons and neutrons. In this context, free neutrons only have 

a stability of ~10 minutes before they will decay into a proton, electron and neutrino. Therefore, without the process 

described as nucleosynthesis, it is argued that the universe would have ended up consisting of only protons and 

electrons, which on cooling pass the photon ‘decoupling’ point would have resulted in a hydrogen universe. However, as 

the temperature fell, due to expansion, the process of nucleosynthesis started to produce the nuclei of lighter elements 

in which protons and neutrons began to combine to produce deuterium, i.e. 1 proton + 1 neutron. This is then followed 

by the collision of deuterium with other protons and neutrons to produce helium and a small amount of tritium, i.e. 1 

proton + 2 neutrons. Lithium was formed as a combination of tritium and 2 deuterium nuclei. The net result of this 

process is that the protons and neutrons in the universe end up in a 6:1 ratio, which eventually explains the basic 

composition of the observable universe being 73.9% hydrogen to 23% helium with all other elements being accounted 

for within the remaining 2.1%. 

While the strength of the argument above is anchored in accepted particle physics, it is also highlighted that the same 

expansion model leads to the idea of the critical density of the universe in which baryon matter only accounts of 4.6% of the 

‘substance’ of the universe. The remaining 95.4% of the universe is then explained in terms of 72.4% dark energy and 23.0% 

dark matter, which have no accepted explanation within the current particle model. It is also quite difficult to find any 

authoritative information on how the decimal point accuracy of these figures was determined or verified against observation. 

 

Baryon Acoustic Oscillations(BAO):  

The explanation of BAO is quite technical and so the following note is simply an outline linked to the previous description 

of nucleosynthesis.  Based on this description, the early universe consisted of a hot, dense plasma of electrons and 

baryons, i.e. protons and neutrons, where high energy photons underwent continuous collisions with baryon particles 

prior to ‘decoupling’  

http://www.mysearch.org.uk/website1/html/356.Primordial.html#Decoupling_&_Recombination:_300,000_years:
http://www.mysearch.org.uk/website1/html/356.Primordial.html#Nucleosynthesis:_1-180_seconds
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However, analysis of the Cosmic Microwave Background (CMB) radiation suggests that the primordial plasma was 

subject to density fluctuations. Within these density fluctuations, matter is subject to greater gravitational attraction 

that then produces heat due to photon-matter interactions plus an outward pressure. As a result of the counteracting 

mechanisms of gravity and pressure, oscillations in the density occurred, which might be described in an ‘analogous’ way 

to sound waves created by air pressure differences, hence the term ‘acoustic’. Such mechanisms suggest that a spherical 

‘acoustic’ wave of both baryons and photons would move out from the centre of the density fluctuation at a speed 

estimated to be over half the speed of light [c]. Before the decoupling event, the photons and baryons were essentially 

constrained to move outwards together, but after decoupling, the photons are no longer constrain to the lower 

aggregate velocity of baryon matter and so diffuse outwards at a faster rate. This reduced the pressure within the 

system and left a ‘shell’ of baryonic matter at a fixed radius, sometimes referred to as the sound or acoustic horizon. 

However, the fluctuations in the baryon density continued to attract matter, which eventually leads to the formation of 

galaxies. As such, theory suggests that a greater number of galaxies should be separated by the sound horizon and, if so, 

the universe would not support one acoustic oscillation, but many overlapping oscillations. While it is not possible to 

observe this preferred separation of galaxies on the sound horizon scale by eye, the pattern can be measured statistically 

by looking at the separations of large numbers of galaxies. Of course, there are a lot of technicalities and assumptions 

buried in the details of the underlying, but supportive evidence, which extends way beyond the ability of this discussion 

to assess. 

 

While the density fluctuations of the universe appear to underpin many important mechanisms within the expansion model, 

the ΛCDM model itself is still anchored in the large scale assumptions of a homogeneous and isotropic universe. Within this 

model, the critical density is uniformly distributed throughout the universe, although its value and component make-up vary as 

a function of time due to the ‘equations of state’ of each density-pressure component. However, while thermodynamics 

appears to play an important role in some of the processes being outlined, the accepted large-scale model  of the universe 

appears to be dominated by gravitational ‘forces’. While those appreciating the complexity introduced by special and general 

relativity might question the retention of Newtonian terminology, it is a requirement that relativistic theories converge towards 

the Newtonian approximation, when the relativistic effects of velocity and gravity are not a major consideration. In the context 

of the large-scale model of the universe, space appears to be geometrically flat [k=0], such that any implied gravitational 

curvature around even super massive galactic black holes equates to only a microscopic pin-pricks in the total spacetime of the 

homogeneous universe. If so, we might return to the idea outlined in an earlier discussion of Newton’s shell, which led to two 

http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/390.Pressure.html
http://www.mysearch.org.uk/website1/html/350.Shells.html
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variants of Newton’s law of gravitational force. The first variant shown below is the classical solution of a gravitational force 

between 2 masses, i.e. [M,m] separated by a distance [r]; see diagram below for reference: 

 

[1]          

 

This is the external solution of Newton’s shell theorem, which he used to prove that the gravitational force is a function of the 

distance between the centre of the mass linked to [M,m]. In this context, if we assume the energy-mass density within a black 

hole horizon is also homogeneous, then the external gravitational force does not demand that it has to collapse to a point 

singularity: see later table related to the idea of matter degeneracy. However, the current focus is orientated towards the 

internal solution, which has the following form: 

 

[2]          

 

In [2], the radius of the shell is defined as [a], which is a constant and 

suggests that a mass [m] within the shell of mass [M] feels no 

gravitational force anywhere within the volume of the shell. This 

result would appear to hold true irrespective of the thickness of the 

shell, provided it was uniform in density.  Therefore, while Newton’s 

theorem was based on a shell of a given thickness, there appears to 

be nothing in the theorem that restricts the thickness of the shell. As 

such, there would appear to be nothing to stop the theorem from 

being extended to a homogeneous volume of space of a given 

density, where the density is might be reduced to that of 

homogenous intergalactic space. While we might wish to draw some parallels with the Newton shell model and  the ΛCDM 

homogeneous model, there are a number of variants that needs to be considered. Let us start by assuming that the radius [a] is 

finite, which means that we can define the contained mass, e.g. [M2], plus assume that there must be some gravitational centre 

of this mass. As such, if we now place a smaller mass [m] at any arbitrary position within the larger homogeneous volume, it will 

be attracted to the gravitational centre defined by [M2], although the effective mass [M1] will now be defined by the positional 

radius [r] of mass [m]. So by the rules of [1] and [2], mass [m] is not affected by the implied mass in the external region, where 

r<a, only by the internal region, where r>a. Of course, if we were to assume that the size of red dot in the diagram above, linked 

to mass [m], was actually the size of our visible universe and the energy-mass it contains, we would have to consider the 

implication of the  free-fall acceleration under the gravitational pull of mass [M1] related to the radius [r] position of our visible 

universe within some larger, but spatially finite universe. While the gravitational acceleration might be enormous, it might also 

be argued that its effects might be similar to free-falling within an enclosed elevator. In this context, the elevator would define 

the frame of reference for all observations, where the motion of everything within our visible universe could only be measured 

relative to this local frame of reference. 

 

But what implications would follow from a spatial infinite universe? 

 

http://www.mysearch.org.uk/website1/html/348.Implications.html
http://www.mysearch.org.uk/website1/html/650.Models.html#Matter_Degeneracy
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In terms of the ΛCDM model, the ‘physical’ universe already extends beyond the ‘visible’ universe, as defined by [R=c/H], as 

linked to the description of the ’particle horizon’. However, most cosmologists now seem to accept that the physical universe 

could extend so far beyond the particle horizon that many may describe the universe as being infinite for all practical purposes; 

although in truth, nobody really has any idea just how big the universe might really be. In this respect, it may not be so 

unreasonable to consider the implications of extending the simple Newton shell model to an infinite radius. If so, one 

implication of an infinite universe is that it would make the definition of a centre of gravitational mass ambiguous, such that 

mass [m] would not necessarily be subject to any net gravitational effect from the rest of the universe. As such, gravitation 

would be limited to a description of localised  fluctuation in density within a generally homogeneous universe; although this 

model might in-turn be problematic to Mach’s principle, i.e. as the possible cause of inertial mass. Within the context of 

the Rouke galactic model being used as a framework for discussion, there appears to be no obvious description of how Mach’s 

principle might actually link the local inertial frame to the mass in the rest of the universe, e.g. 

 

“…the Kerr metric fails to be Machian precisely because the chosen boundary conditions (a central rotating mass with no 

mass at infinity) are incompatible with Mach’s principle, which requires the concept of rotation to be related to other 

static matter.” 

 

However, it may be possible that the implied conflict between an infinite 

universe with Mach’s principle is just a question of whether the scope of 

all matter interactions within an infinite universe can still have some form 

of finite limit or boundary condition. While we shall refrain from getting 

too carried away with all this additional speculation, it might worth 

considering whether there could be some mechanism that could link the 

matter within some arbitrary local frame of reference, e.g. a rotating 

galaxy, to the distant stars. For Mach’s reference to ‘distant stars’ seems 

to suggest some form of interaction between a local system of particles 

and all the other particles in the ‘visible’ universe. The use of the word 

‘visible’ is used in the sense that this interaction mechanism might have 

some finite limit due to a form of ‘opaqueness’ within the matter universe. 

For example, based on the particle density of inter-galactic space, there 

must come a point, where the direct ‘line of interaction’ to other more 

distant particles in the physical universe becomes blocked by intermediate particles. If so, then any interactive mechanism 

between matter particles may be limited by this form of opaqueness and give some tangible credence to Mach’s principle, as 

well as defining a finite boundary condition for any metric of spacetime, as being researched by Rouke.  We might consider the 

implications of merging the infinite Newton shell model with the idea of some finite boundary condition. In the diagram above, 

a spiral galaxy is placed at the centre of its own arbitrary ‘visible’ universe, where the distant stars are analogous to an 

extremely thick shell of mass [M], such that there is not net force on any mass, i.e. [m1] or [m2]. 

 

Note: There would appear to be a caveat to the zero net force statement above in an expanding universe. As described, 

gravity might be seen as a force [FG] that binds all particles to each other, which based on the Newton’s shell argument 

might cancel out. However, this status-quo would appear only to hold true in a static universe. For in an expanding 

universe, there has to be some other force [FX] that over-powers this status-quo that drives the expansion. So while we 

http://www.mysearch.org.uk/website1/html/512.Horizons.html
http://www.mysearch.org.uk/website1/html/641.Models.html
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might assume that the force of gravity [FG] would tend to slow this expansion, the actual expansion force [FX] need not 

have any obvious relationship to [FG], such that [FX-FG] is not necessarily proportional to [FG]. 

 

However, if every point in the physical universe can define a finite boundary, e.g. radius [R], where the ‘opaqueness’ blocks all 

further direct matter interaction, we might proceed to consider the implications of Mach’s principle within this model. As such, 

the distant stars within radius [R] are simply part of the homogeneous density of a finite ‘visible’ universe, which Mach’s 

principle suggests is the root cause of the inertia of all mass objects, when subjected to an acceleration. However, with respect 

to the diagram above, let us first consider mass [m2], which is not subject to any acceleration force, i.e. [F=ma=0], but is 

travelling with constant velocity [v]. Now the Newton shell model suggests that mass [m2] is subject to a force from every 

particle mass in the universe, now constrained by the radius [R], which within the internal space of the conceptual infinite shell 

complies with [2], i.e. all forces cancel out. As such, we might formulate the situation as follows: 

 

[3]          

 

In [3], the suggestion is that the mass [MS] of the universe is defined by a finite radius [R] and the density [ρ], which we might 

assume remains constant over any reasonable time period, i.e. all of human history! Although mass [m2] is moving with a 

velocity [v], the geometry of Newton’s internal shell solution does not really change in each snapshot in time. As such, there is 

no local perception of any force [F=ma=0] on mass [m2] and we might begin to see a possible correlation between the 

gravitation mass and the inertial mass. However, if we extend the logic in [3] by assuming that mass [m2] is subject to an 

accelerating force, i.e. [F=m2a>0], then: 

 

[4]          

 

Based on [4], the inertial force associated with [m2] has to be also be linked to the gravitational force, which links the inertial 

and gravitational definition of mass. If we now consider mass [m1] rotating with constant velocity within a spiral galaxy, it might 

initially appear that there is no obvious acceleration within the local reference frame.  However, the rotation of [m1] causes the 

distance between itself and every star in the visible universe to change at a variable rate that could be interpreted as a  cyclic 

acceleration with respect to the distant stars. If so, then [4] might now be interpreted in the following form: 

 

[5]          

 

If so, Mach’s principle would interpret the dynamics of a rotation, even with constant velocity [v], differently as there would 

appear to be a cyclic force on mass [m1]. Of course, at this stage, this idea is only speculation, although it is a speculation that 

will be reviewed in more detail under the heading of the ‘Wave Structure of Matter’, which considers the suggestion as to why 

the matter interaction is limited as outlined. 

 

So do such speculations have any conclusions? 

http://www.mysearch.org.uk/website1/html/656.WSM.html
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Rotation Curve  

The characteristic rotation of a galaxy is often called a 

rotation or velocity curve. Such plots are a function of 

the rotational velocity of the visible stars or gas in the 

galaxy against the radial distance. 

 

In a word, no. However, it is not clear that any real certainty exists within the scope of cosmology, as it stands today, although 

some might reasonably argue for a specific model on the grounds of probability. In this respect, the generally accepted 

cosmological model is considered to have the highest probability, presumably based on the consensus of those with enough 

understanding of all the in-depth issues. However, others might still argue that history can provide many examples of where the 

accepted knowledge and consensus of the majority, and the 

knowledgeable, had to be eventually overturned. 

 

1.4.6.3 Rotational Curve Models 
 

This discussion is more of a general overview of the some of the 

alternative approaches to resolving the galactic rotational curve. 

While an attempt will be made to outline some of the issues raised by the Rouke model in the subsequent pages, it is possibly 

more useful to first step back in order to see the bigger picture of uncertainty that appears to surround the astrophysics of 

galaxies. Today, the basic structure of a galaxy might be broken down into regions, as illustrated in the basic diagram below, 

although the actual processes within this description might still be open to much debate. However, if it is the case that we do 

not really understand all the processes going on in our own local 

galaxy, even within the present era, then we might also have to reflect 

on the need to continually question our understanding of the 

complexity  of a much, much bigger universe, which also extends  

literally into the dim past and the far future. Therefore, on this basis, 

we shall table a number of hypotheses forwarded as an explanation of 

the observed galactic rotation: 

 

 Accepted model based on dark matter 

 Modified Newtonian dynamics (MOND) with no dark matter 

 Mass  distribution model with no dark matter 

 Rouke’s frame dragging model with no dark matter 

 Plasma models with no dark matter 

 

Today, the mainstream consensus appears to be weighted towards a model that requires dark matter and while there are other 

arguments for the existence of dark matter, which extend beyond the explanation of galactic rotation, it is still a hypothesis that 

has no accepted foundation within the current particle model.  

 

History 

In 1932, Jan Oort was the first to highlight that local stars were moving faster than expected based on the assumed 

mass distribution. Later, Horace Babcock published the rotation curve for the Andromeda galaxy, which appeared to 

show the mass-to-luminosity ratio increasing with radius. In 1959, Louise Volders shown that spiral galaxy M33 did not 

spin in-line with Keplerian dynamics. In 1975, Vera Rubin  presented her findings showing that most stars in spiral 

galaxies orbit at roughly the same speed, which implied that their mass densities were uniform well beyond the stars in 

the galactic bulge. These findings would come to be interpreted in 2 ways, i.e. either Newtonian gravity did not apply  or 

more than 50% of the mass of galaxies was contained in the relatively dark galactic halo. 

http://www.mysearch.org.uk/website1/html/646.MOND.html
http://www.mysearch.org.uk/website1/html/647.Mass.html
http://www.mysearch.org.uk/website1/html/648.Dragging.html
http://www.mysearch.org.uk/website1/html/655.Plasma.html
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Spread of Opinion 

It would appear that mainstream articles and papers on 

this subject have already determined that 'dark matter' 

must be the solution to the issue of the galactic rotation 

curves. However, based on a minimal search effort, there 

appears to be a much wider spread of opinion suggesting 

many other solutions to this specific problem, which 

does not require the inclusion of any exotic mass. Of 

course, the problem this generates is then determining 

which one, if any, is right. 

In the list above, we see 4 alternatives, none of which appear to specifically require dark matter, but which are forwarded as an 

alternative explanation of the observed galactic rotation curves. At this point, the only thing we might concluded with any 

certainty is that they cannot all be right, which might also tell us something about the general state of verification in this field of 

study. However, it is possible that the list above simply maps 

the scope of complexity taking place within all galaxies, e.g. 

 

 Unknown physics 

 Extension to accepted physics 

 Physics based on incorrect data models 

 Relativistic spacetime 

 Non-gravitational models 

 

Clearly, the scope of the list above is probably enough to 

occupy theoretical speculation for many years to come, 

especially in the absence of any conclusive verification, and therefore a full comparative review of all these ideas has not been 

attempted. However, given that the topic of plasma cosmology will be discussed in a subsequent section and the accepted 

model is now well documented, we might focus the following discussions on the ideas encapsulates in list items 2, 3 and 4. 

However, before discussing these items, it might be worth establishing some of the basic observational processes associated 

with the astrophysics of galaxies. Originally, it was assumed that the rotation of the stars within a galaxy might comply within 

the same laws as those guiding the planets within our local solar system, such that classical physics might provide some sort of 

1
st

 order approximation of the rotational velocity [v] and the mass [M] within a galaxy , i.e. 

 

[1]       

 

Encapsulated in [1] are the classical ideas of planetary motion as formulated by Kepler, first published in 1609, and Newton’s 

subsequent formulation of the more fundamental gravitational laws, first published in 1687. Surprisingly, many sources still 

quote [1] as a method for calculating the mass of a galaxy, although the following outline suggests that the modern process is a 

little more involved. One approach considers the light from the stars, as measured at different radii within the galaxy, which we 

might visualised as follows: 
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Then, at each radii [r], the 'Doppler' shift of the starlight is measured, such that the relative velocity of the stars can be 

determined, both towards and away from us. These velocity measurements then have to be corrected for the relative velocity 

of the galaxy, as a whole, as measured with respect to the galactic centre. There is also a need to adjust for the relative tilt of 

the galaxy from our observational perspective, such that the rotational velocity of the galaxy can be estimated as a function of 

the radius [r]. So based on the general principles encapsulated in [1], the original expectation was that the rotational velocity 

might should look something like the following diagram: 

 
 

However, when the observational data was processed, the result, as illustrated below, appeared to suggest that the rotation of 

galaxies must be subject to some additional process, i.e. missing mass or some revision of the gravitational laws: 

 

 
Subsequently, as the observational data improved, it was realised that while most of the spectral light was coming from the 

central region of the galaxy, i.e. the bulge, much of the mass had to be distributed throughout the galaxy, such that its mass 

distribution would not align to a model of a solar system. Today, the generally accepted dark matter model assumes that most 

of the gravitational energy-mass exists in an outer region called the halo; although as the following discussions will outline, 

there are other possibilities. However, before delving into these alternative hypotheses, it might be worth highlight why the 

rotation curve initially increases in a linearly fashion near the  centre of the galaxy, as illustrated in the following diagram, which 

might also be linked to the previous cross-reference to Newton shells. 

http://www.mysearch.org.uk/website1/html/644.Background.html#Newton_Shells
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The shaded circular area in the diagram represents a spherical volume of homogeneous density [ρ] of finite radius [a], which 

has a total mass [M=pV] defined by its density [ρ]  and volume [V]. However, any mass [m] at a radius [r] smaller than [a], i.e. 

inside the homogeneous density sphere is subject to a gravitational force [F] defined by its internal radius [r], not the total 

radius [a], i.e. 

 

[2]       

 

As a result, the inner gravitational force is a linear function of the internal positional radius [r]. In contrast, when the radius 

[r>a], the mass [M] remains constant and the gravitational force takes the normal form of an inverse square function. However, 

the inner and outer functions depend on the assumption of a spherical volume defining the mass [M]. In the case of our solar 

system, the sun can be said to have a spherical radius [a], while all the planets obviously orbit at a radius [r>a] far away from 

the sun. As such, all the rotational velocities of the planets are defined by the outer inverse square function. However, it is clear 

that stars orbiting within the energy-mass density of a galaxy, which is not a homogeneous function of radius and is often disk-

shaped rather than spherical, will not comply to the inverse square law. However, this statement does not exclude an 

explanation of the galactic rotation curve that is Newtonian in form; although equally, it does not imply that it should. So, on 

this basis, it would appear there is still scope for debate, as outlined in the following sub-page. 
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MOND Pages 

This website provides a far more 

extensive explanation of the 

arguments for Modified Newtonian 

Dynamics than is addressed in this 

discussion. 

1.4.6.3.1 Modified Newtonian Dynamics (MOND) 
 

In part, this hypothesis was forwarded as a modification of Newton's law of gravity in 

order to explain the perceived anomalies within galactic rotation, i.e. the near uniform 

rotational velocity with radius. It was proposed by Mordehai Milgrom, in 1983, based 

on the argument that Newton's law of gravitational force had only been essentially 

verified in terms of a large gravitational acceleration with the implied suggestion that 

the theory had not be proved in terms extremely small gravitational acceleration, such 

that it was possible that acceleration may not be linearly proportional to the 

gravitational force across all ranges. 

 

 
BBC News 

A controversial theory that challenges the existence of dark matter has been buoyed by studies of gas-rich galaxies. 

Instead of invoking dark matter, the MOND theory says that the effects of gravity change in places where its pull is very 

low. The new paper suggests that MOND better predicts the relationship between gassy galaxies' rotation speeds and 

masses. However, critics maintain that dark matter theory is a better general description of the Universe we see. 

 

Based on the observation that most stars in spiral galaxies orbit at roughly the same speed, the acceleration of the stars in the 

outer regions of spiral galaxies would also appear to be substantially greater than what was expected. However, while this 

acceleration is much greater than that predicted by Newtonian mechanics, the difference only infers a very small value, i.e. 

typically less than 10
-10

 m/s
2
 at the outer regions. As such, the thinking of the time became orientated towards the idea of 

either missing mass or an anomaly with Newton’s relationship between gravity and acceleration. Later, more advanced 

methods for determining the mass in galaxies appeared to suggest the presence of considerably more mass than could be 

accounted for by the observation of normal baryonic mass.  This then appeared to strengthen the argument for dark matter to 

provide the missing mass and to account for the greater than expected acceleration in the outer regions. However, the 

observational evidence for dark matter is not consistent for all galaxy types, as the observed rotational velocity cannot be 

reconciled with what might be described as the ‘assumed’ distribution of dark matter. 

http://astroweb.case.edu/ssm/mond/
http://www.mysearch.org.uk/website1/pdf/646.2.pdf
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So is MOND a better general solution? 

 

Some people may be drawn to the MOND hypothesis simply by the rationale of Occam’s Razor, i.e. dark matter is a 

complication that cannot be generally applied and has no accepted explanation in particle physics. In this respect, MOND might 

be seen as being more rooted in the accepted idea of gravity with just a small modification. Of course, those who would cite 

Occam’s Razor might like to also consider the idea outlined in terms of the following ‘mass distribution model’. 

 

But what is MOND actually proposing? 

 

As indicated, if the MOND hypothesis is to account for the rotation of galaxies, the key modification is in respect to Newton’s 

2
nd

 law and his gravitational law, i.e. 

 

[1]       

 

In [1], we see the modification to Newtonian acceleration [a], where [a0] is a constant equal to [10
-10

 m/s
2
], while [-∇ΦN] defines 

the gravitational field and [μ] is a function that quantifies the MOND dynamics. We might visualize the scope of [μ] in the 

diagram below. The two curve correspond to 2 different choices of functions, i.e. (a) or (b): 

 

[2]       

 

While the ‘tuning’ of [μ] does lead to good results, the validity of 

such an approach might be question without some good physical 

explanation, as it could be seen as simply a ‘fudge factor’. With 

reference back to [1], the force [F] has to account for all the forces 

acting on the mass [m], while analysis suggested that this idea was 

inconsistent with the local conservation of momentum, angular 

momentum and energy. While several modification of Newton’s 

laws have been proposed, it seems that the MOND hypothesis 

cannot be easily aligned with Newton’s 2
nd

 law. In a later 

reincarnation of the MOND hypothesis, in 2002, the idea was 

forwarded that the MOND function actually accounted for how the 

dark matter was distributed in the cosmos, e.g. galaxies. However, 

since the same [a0] constant is used to describe so many different types of galaxies, the issue of any consistent physical 

interpretation is still considered to be a major issue, even without any further reference to Occam’s Razor. Today, proponents 

of the MOND hypothesis usually hold to the position that it is not a modification of Newton’s 2
nd

 law, only his gravitational law, 

which then avoids the violation of the conservation laws mentioned above. 

 

Whether, the MOND hypothesis can account for the observed galactic rotation is still debated, as illustrated in the 

following paper published in 2009: Testing the Newton second law in the regime of small accelerations. 

http://www.mysearch.org.uk/website1/html/647.Mass.html
http://www.mysearch.org.uk/website1/pdf/646.1.pdf
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However, to close this discussion, but not necessarily the debate, it would seem that most astrophysicists supports the dark 

matter hypothesis, while only a smaller percentage might give some credence to the ideas within MOND. As a result, few 

astrophysicists appear willing to consider the possibility that the rotational curves of galaxies might be resolved by simply 

considering the normal gravitational effects of the mass distribution within a galaxy, although there are exceptions! 

 

1.4.6.3.2 Mass  Distribution Model 
 

Marmet & Gallo  

When the dynamics of a spiral galaxy is modelled from Keplerian mechanics, one finds that an unusual mass distribution 

is required to explain that stars revolve at a constant speed over a large range of distances from the centre of the galaxy. 

While the Kepler's laws describe the rotation of planets around the sun, they cannot be directly applied to the dynamics 

of spiral galaxies. The incompatibility arises because the gravitational force outside a non-spherical mass distribution is 

not described by an inverse square law dependence on the radius. The conclusion resulting from the Keplerian model 

that the cumulative mass increases linearly with the radius is inaccurate. 

 

When, in the late 1960s, spectrographic analysis of spiral galaxy rotation first started, it was generally expected this rotation 

would still comply to the gravitational laws that so successfully describe the motion of the planets in the solar system. However, 

even a cursory review of the distribution of the mass with our own local solar system shows that 98.8% of total mass is centrally 

located within the Sun. As such, this highly centralized system is a good fit to the classical predictions of Newtonian gravity 

based on the inverse square law. So the obvious question to start with is: 

 

Can this system model be applied to a galaxy? 

 

Clearly, based on observation of the rotational velocity within galaxies, the answer seems to be an emphatic – no, which then 

leads to the question – why not? In part, we might refer to a modification of an earlier diagram that outlined what might be 

called the inner and outer laws of Newtonian gravity on to which some of the basic galactic structure is superimposed. 

 

 
 

While the planets are collocated with a star within the galaxy, the planetary orbits are dominated by the central mass of the 

star and therefore can be described by the outer solution, i.e. an inverse square law. However, the situation for a star is more 

complicated when considered in terms of the actual galactic rotation curve for the spiral galaxy NGC 2841 shown below, where 
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the initial linear rise of the curve is still possibly reflective of the 

inner solution, but then flattens out suggesting a mass 

distribution that cannot be explained by either the inner or outer 

Newtonian solutions. However, as the colour coding of the 

various regions within a galaxy in the diagram above is trying to 

illustrate, the mass density of a galaxy is far from homogeneous. 

 

Marmet & Gallo 

The gravitational field of disk galaxies is relatively easy to 

calculate using ring shaped distributions. In this case, 

even the first property of a spherical mass distribution 

does not hold: a ring distribution can exert a gravitational 

force on a mass localized inside the ring. This implies that for spiral galaxies, the cumulative mass does not rise linearly 

with radius. The Keplerian model is frequently used in the scientific literature as an argument to support the hypothesis 

of dark matter in spiral galaxies. However, an appropriate calculation method must be used instead of the simple and 

inaccurate model. The excellent data on rotation curves of galaxies and high mass-to-luminosity ratios provide the main 

arguments in favour of 'matter that has no light'. 

 
So the flatten region of this rotation curve appears to require some other explanation, such as being proposed by the dark 

matter or MOND hypotheses, although other possibilities may still be entertained. For example, examination of the general 

diagram below reflects the fact that most galaxies are far more disk-shaped than spherical, such that the geometry assumed in 

Newton’s shell theorem has to be re-evaluated. So before jumping to the conclusion that there must be some form of missing 

mass that cannot be observed or a need to modify the Newtonian laws of gravity, outside general relativity, it might not be 

unreasonable to table the next question: 

 

Has the mass distribution within the galactic model been fully 

considered? 

 

As outlined, Newton’s shell theorem allows us to examine some 

of the implications of gravity based on a spherical geometry. In 

this context, the external solution shows why the inverse square 

law is defined by the distance between the centre of the masses 

[M,m] and not the distance between the surfaces. In contrast, the 

internal solution suggests that a mass [m] within a spherical 

homogeneous density would only be subjected to a gravitational 

force defined by the mass inside its radius [r]. In other words, the mass implied by larger radii can be ignored. By looking at 

rotation curve for NGC-2841 above, it is clear that neither the inner or outer solutions can dominate at all radii. As such, the 

linear relationship between the gravitational mass [M=ρV] with radius [r] does not hold true for all radii [r], as per the inner 

solution, while the failure to comply with the inverse square law of the outer solution suggests that the gravitation mass [M] 

associated with radii larger than [r] may also be having an effect. 

 

So is there Newtonian solution that matches this mass-geometry of a galaxy? 
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James Dwyer  

The Galaxy Rotation Problem can be 

simply resolved by reconsidering its 

underlying presumptions. It had been 

expected that the centralized mass 

distribution model applied to spiral 

galaxies and the Keplerian rotational 

curve would fit their orbital velocities. 

They don’t. That stars do not 

independently orbit a central galactic 

mass like planets orbit the Sun does 

not infer existence to unidentified, 

undetectable mass. It was all a dark 

matter of academic denial. 

It would seem that quite a few people have considered this problem and come to 

the conclusion that based on a re-assessment of the mass density distributed 

within various galaxies, basic Newtonian gravity formulations can explain the 

observed rotation curves without modification or dark matter. The following 

references and extracts are just a few examples, which the reader might like to 

review in more detail. 

 

  Disk-Galaxy Density Distribution from Orbital Speeds using Newton's Law 

This paper was published in 2000 by Kenneth Nicholson in which he outlines 

his assumptions and method for determining the mass distribution within a 

galaxy and the resulting rotation curves. The following extract is taken from 

his conclusion:  

 

“Newton's law needs no correction, and dark-matter halos are not needed, 

to compute galaxy density distributions from orbital speeds. Using 

measured speeds and defined dimensions, the results for the density and mass distributions using the methods shown 

here will be as good as the inputs. The use of spherical shells or Poisson's equation are not suitable for this purpose. 

There is no mystery about orbital speeds being constant to large radii, or rising near galaxy rims”.  

 

  Galactic mass distribution without dark matter or modified Newtonian mechanics  

In an updated 2007 version of Nicholson’s earlier work in which he appears to remain convinced of his original conclusion, 

e.g.  

“and so far there has been no evidence of the spherical shells, called dark matter, except that they can be used 

mathematically to get an approximate match for the measured rotation speeds. The statement often made that the 

shells are necessary to satisfy the gravitational effects for galaxies is also false” 

  

 Fully model disk galaxy rotation curves without dark matter  

This paper was published in 2008 by Dilip Banhatti. Again, this author outlines his assumptions and methods for 

determining the mass distribution and rotation curves of galaxies, while acknowledging the work of Kenneth Nicholson: 

  

Researchers interested in rotation curves need to answer certain questions afresh with an open mind. Instead of 

discounting Kenneth Nicholson’s model just because it is different from the current fashion, it needs to be judged on its 

own merits.  

 

 A Newtonian Model for Spiral Galaxy Rotation Curves  

This paper was written by Geoffrey Williams, in 2008 or shortly after, and while appearing to use a different methodology 

to determine the mass distribution, he still reaches the same conclusion as the previous authors. 

  

A spiral galaxy is modelled as a thin flat, axisymmetric disk comprising a series of concentric, coplanar rings. Using 

conventional Newtonian kinematics, it is shown that relatively flat velocity curves are produced by a variety of possible 

mass distributions in the disk. No halo of ‘dark matter’ is needed to produce these rotation curves. Compared with the 

http://www.mysearch.org.uk/website1/pdf/647.1.pdf
http://www.mysearch.org.uk/website1/pdf/647.2.pdf
http://www.mysearch.org.uk/website1/pdf/647.3.pdf
http://www.mysearch.org.uk/website1/pdf/647.4.pdf
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point mass at the centre, the disk gravitational force grows with increasing distance from the disk  centre, crests and the 

slowly subsides beyond the  disk  perimeter.  

 

 Rotating thin-disk galaxies through the eyes of Newton  

This paper was written by James Feng and C. Gallo and published quite recently in 2011. This paper appears to use quite 

sophisticated computational techniques to underpin their calculations. The first extract is taken from the paper’s abstract.  

 

“By numerically solving the mass distribution in a rotating disk based on Newton's laws of motion and gravitation, we 

demonstrate that the observed rotation curves for most spiral galaxies correspond to exponentially decreasing mass 

density from galactic centre for the most of the part except within the central core and near periphery edge. Hence, we 

believe the galaxies described with our model are consistent with that seen through the eyes of Newton. Although 

Newton's laws and Kepler's laws seem to yield the same results when they are applied to the planets in the solar system, 

they are shown to lead to quite different results when describing the stellar dynamics in disk galaxies. This is because 

that Keplerian dynamics may be equivalent to Newtonian dynamics for only special circumstances, but not generally for 

all the cases. Thus, the conclusions drawn from calculations based on Keplerian dynamics are often likely to be erroneous 

when used to describe rotating disk galaxies.”  

 

The following extract taken from the conclusion and appears to support the general assumptions of a Newtonian mass 

distribution model.  

 

“As demonstrated, substituting the computed mass density distribution based on Newtonian dynamics into the Keplerian 

force-balance equation would yield a rotation curve with orbital velocity decreasing toward galactic periphery. This had 

led many authors to believe that the visible mass in a galaxy cannot explain the observed rotation curve. Therefore, 

some authors have speculated that some kind of invisible matter called dark matter must exist in the galaxy. Other 

authors believed modification of Newton's laws to be needed. The fundamental problem here is that astronomers tend 

to determine the `visible' mass in a galaxy from the measured brightness based on an over-simplified mass-to-light ratio. 

When the mass distribution so estimated did not generate the observed at rotation curve, especially when the Keplerian 

dynamics was used for another over-simplification, it is often referred to as the `galactic rotation problem' suggesting 

that there is a discrepancy between the observed rotation speed of matter in the disk and the predictions of Newtonian 

dynamics. But we believe that Newtonian dynamics can adequately explain the stellar dynamics in disk galaxies when 

applied correctly; neither the introduction of dark matter nor modification of Newtonian dynamics is needed for 

explaining the observed rotation curves.” 

 

Now it is not being suggested that these papers provide conclusive proof that the model being described is ‘the’ explanation of 

the observed galactic rotation curves, but they seem to suggest an explanation worthy of some consideration, especially in 

terms of the somewhat esoteric alternatives that are also being reviewed. 

 

Note: What is not clear in the mass distribution models is whether there is any explicit mechanism that explains the 

orbital velocity within the galaxy, i.e. how did the spiral arms acquire the necessary angular momentum to maintain an 

orbital velocity to counteract the inward pull of gravity? In part, the next model may offer an alternative explanation. It 

is also not clear whether the Newtonian mass of a galaxy assumed by these models aligns with the gravitational effects 

calculated from other observations, which presumably include the dark matter mass.  

http://www.mysearch.org.uk/website1/pdf/647.5.pdf
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Open Issue 

The Rouke model of galactic rotation 

appears to depend on the idea of frame 

dragging linked to a super-massive black 

hole at the centre of all/most galaxies. 

However, the interpretation of frame 

dragging velocity, as a function of radius [r], 

could not be resolved with the angular 

momentum [J] of the black hole as a 

function of its Schwarzschild radius [Rs]. As 

such, further discussion of the Rouke model 

is on-hold until this issue can be  resolved. 

1.4.6.3.3 Frame Dragging Model 
 

This model equates to the description in the Rouke-Mackay papers that has 

been referenced on several occasions throughout this overview. In many 

respects, the use of these papers has mainly been to provide a framework 

for some of the many and varied hypotheses within this branch of 

astrophysics, rather than by way of any implicit support of this model. In 

fact, understanding the premise on which the Rouke model is built is not 

an easy task as some of the fundamental equations do not appear to be 

anchored in any obvious physics and possibly compounded by the 

abstraction of geometric or natural units, e.g. 

 

[1]       

 

The equation above is said to represent the net rotation of a local frame of reference, i.e. a galaxy, and is the starting point for 

an explanation of the observed galactic rotation curves. The form of the equation is said to be anchored to Mach’s principle and 

the inertial drag caused by a ‘heavy’ rotating central mass, i.e. a super massive black hole. However, as indicated, the physical 

arguments underpinning [1] are not necessarily obvious and therefore this 

discussion will question some of these ideas. The introduction of [1] is  

explained in the following terms: 

 

“The concept of inertial frame near the origin is correlated with the 

rotation of the central mass and frames will tend to rotate in the 

same sense. The ‘simple dimensional considerations’ show that this 

frame dragging effect, which from now on we refer to as inertial 

drag, is proportional to [Mω/r], where [M, ω] are mass and angular 

velocity of the central mass and [r] is distance from the origin. The 

effects for all the masses in the universe need to be added with 

appropriate weighting.” 

 

As such, we are left to resolve how this description of frame dragging is being 

linked to the proportionality [Mω/r]. Based on an earlier discussion of ‘Mach’s Principle and Frame Dragging’, the following 

weak-field formulation was derived: 

 

[2]       

 

http://www.mysearch.org.uk/website1/html/642.Papers.html
http://www.mysearch.org.uk/website1/html/643.Mach.html
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Mark Hadley 

The spin of our galaxy has a twisting 

effect on our local space that is a 

million times stronger than that caused 

by the spin of the Earth 

The appearance of the [G/c
2
] factor in [2] can be explained in terms of the use of SI units, rather than geometric units, and if we 

make [r=R] in [2] then we might have the rationale for the [Mω/r] proportionality being suggested in [1] and the extract above, 

i.e. 

[3]       

 

However, if we return to [2], it would seem that [r] and [R] are two different measures of distance. The general implication is 

that [r] is simply some arbitrary radius from the centre of mass for which the frame dragged angular velocity [ωD] can be 

calculated. In contrast, [R] is the radius of mass [M], which is rotating at angular velocity [ω]. As such, the radius [R] is a fixed 

value for some given mass [M], while radius [r] is a variable, which implies that [R] and [r] in the numerator and denominator of 

[2] cannot  simply be cancelled, as seems to be implied in [3]. At face value, this appears to put one of the fundamental 

assumptions in [1] into some doubt and we still need to understand why the form of [1] is so different to [2], if they are both 

thought to quantify the frame dragging angular velocity [ωD] of spacetime caused by some central rotating mass [M]. So, at this 

point, we shall turn our attention to the (1*0) expression in [1], which is explained in the following terms: 

 

“The local inertial frame rotates with respect to distant galaxies by the weighted sum of ω weighted kM/r and 0, for all 

the distant ‘stationary’ galaxies, weighted Q say. We can normalise the weighting so that Q=1, which is the same as 

replacing k=Q by k, which leaves just one constant k to be determined by experiment or theory.” 

 

In the current context, it is believed the main idea of Mach’s principle might be interpreted in the following basic form, where 

the frame dragging angular velocity [ωD] is the sum of a local rotating system [mS] and the net total of all the other stars in the 

visible universe [mN]: 

 

[4]       

 

The reason for presenting the equation above in the form of a hybrid of [2] and 

[3] is because it highlights an interesting aspect of the mass-to-radius ratio in [4], which is cited in the following extract: 

 

“There is some evidence that k is in fact 1. This follows from the observation that the sum [mN/rN]  over all masses [m] in 

the universe at distance [r] is approximately 1, which makes the choice of normalised weighting [Q=1], the same as 

weighting purely by mass. This suggests a deep property of spacetime, namely that a third concept of ‘mass’, i.e. the 

inertial drag mass, is the same as the other two, i.e. (gravitational mass and ordinary inertial mass.” 

 

We might test this idea by substituting an estimate for the mass of the universe based on the critical energy density [ρC] 

multiplied by the volume of the visible universe, as defined by the Hubble radius [c/H]. Based on these assumptions, the result 

below would appear suggest that the unity approximation holds true: 
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[5]       

 

Now in the case of the Rouke model, the local rotating system is a black hole, sized in the order of 10
12

 solar masses, where the 

radius is linked to its Schwarzschild radius [Rs]. If we now repeat [5] with these black hole assumptions: 

 

[6]       

 

Clearly, there is some aspect of both the visible universe and a black hole that leads to this unity result. However, we can get an 

initial reality check by repeating the process one last time, but now substituting the value of our own star, i.e. the sun. 

 

[7]       

 

Of course, it is not really a coincidence why [5] and [6] equate to unity, while [7] does not, although it is possibly easier to see in 

[6]. The mass of a black hole is directly proportional to its Schwarzschild radius [Rs]: 

 

[8]       

 

Based on [8], we can see that the Schwarzschild radius [Rs] is directly proportional to the mass [M] of a black hole, which leads 

to the unity result in [6]. While this relationship is not so obvious in [5], in principle, the same effect exists within the 

parameters used, because the Hubble radius [c/H] has some attributes of a Schwarzschild radius [Rs]. In the case of the sun, the 

Schwarzschild radius [Rs] is much smaller than its physical radius, which is why [7] reflects a much lower value. However, there 

are a couple of points in [6] and [8] that might be questionable in terms of the mass-radius of a black hole, when considered in 

terms of geometric units, e.g. 
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[9]       
 

The idea of geometric mass [Μ] is measured in metres, as defined in [9], and leads to the idea that the physical mass of a black 

hole might be linked to [Rs/2], not [Rs]. However, having highlighted this issues, we need to return to a more fundamental issue 

rooted in the logic of [2] and [3], which may undermine a key assumption in [1]. In order to better understand the physical 

premise of [1], it might be useful to point out that the expressions in [5,6,7] reduce to a number with no units, when the 

geometric units are replaced by normal MKS units, such that we can show the apparent equivalence of the Rouke expression as 

follows: 

 

[10]     

 

Based on the analysis above, we might now re-write [4] in the following form: 

 

[11]     

 

At this point, we might recognise that [11] is similar to the numerator in [1], such that it not clear where the denominator 

included in [1] is sourced, i.e. 

 

[12]     

 

The implied numeric solution in [12] is based on the figures used in [6], while [10] implies that the result [1/2] aligns to a 

numeric weighting without any associated units. It is also highlighted that the rotation of the visible universe [ωN], in [11], is 

assumed to be zero, which aligns to the (1*0) expression in [1]. So based on all the comments above, we might re-write [1] in 

the following equivalent form of [11], where the leading [1/2] reflects the numeric weighting shown in [12]: 

 

[13]     

 

However, while we have attempted to rationalise the form of [1] in terms of MKS units, the problem cited in [2] and [3] still 

remains, i.e. 
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A Simple Model 

Although the Lense-Thirring frame 

dragging is a minute effect, due to a 

galaxy's size and angular momentum, 

this effect is observable at the length 

and energy scale of such a massive 

object as a galaxy. 

 

[14]     

 

As already outlined, [14a] does not equate to [14b], as the parameter [R] corresponds to radial size of the black hole, which is 

directly proportional to its mass [M] and therefore a fixed value. In contrast, the radial distance [r] is a coordinate variable at 

which the frame drag angular velocity [ωD] is to be determined. If we consider [14] in terms of a frame dragging velocity [vD= 

ωD*r], then [14a] would appear to suggest that the velocity [vD] remains constant, irrespective of the radial distance [r], while 

[14b] suggests that the velocity [vD] will fall as an inverse square of  distance. 

 

While the rotation velocity [vD] of a black hole might approach the speed of light [c] as the Schwarzschild radius [Rs] is 

approached, the standard equation [14b] would suggest that the frame dragging velocity [vD] would quickly fall as an 

inverse square function of larger radii, such that it would seem to become negligible effect outside the most inner region 

of the galaxy, . 

 

Although, frame dragging may not extend far into the galaxy, it may still be the 

source the initial rotational velocity. In this respect, the mass distribution 

model might then explain the rotation curve without any excessive frame 

dragging effects in the outer regions. However, given that some aspects of the 

Rouke model may have been simply misunderstood,  further  analysis will be put 

on hold with the footnotes below reflecting on some of the complexities 

surrounding this subject. 

 

Footnotes: 

Irrespective of the actual formulation implied by the mass distribution within a galaxy, it is still true to say that a mass 

[m] within the galaxy will require a rotational velocity [vO] to counteract the inward pull of gravity. Observational 

measurement suggest that this orbital velocity is in the order of 250,000 m/s, which although much, much higher than 

the implied frame dragging velocity [vD] in the outer disk, this velocity still has to be acquired from within the rotational 

dynamics of the galaxy itself. In this respect, the Rouke model may provide a possible explanation of the spin of the 

accretion layers around the central hole, which then imparts the acquired angular momentum into the bulge and spiral 

arms regions in which stars then subsequently form.  

 

In order to agree with observations, it is normally assumed that accretion disk models have to support a mechanism by 

which angular momentum is redistributed. As such, if matter is to fall inwards, it must lose not only gravitational energy, 

but also angular momentum. Since the total angular momentum of the disk, as a whole, has to be conserved, the 

angular momentum lost by any mass falling into the centre has to be balanced by the angular momentum gained by the 

effective mass further from the centre, i.e. angular momentum has to be transported outwards for matter to accrete. 

However, the actual details of this transport mechanism still seem to be an issue of much debate, which extend far 

beyond the scope of this review. 

http://www.mysearch.org.uk/website1/pdf/648.1.pdf
http://www.mysearch.org.uk/website1/html/647.Mass.html
http://www.mysearch.org.uk/website1/html/647.Mass.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
329 of 392 

 

1.4.6.4 Galactic Formation and Black Holes 

 
While the technical details of galaxy formation are complex and beyond the scope of this discussion, we might still consider the 

question as to whether galaxies create black holes or black holes create galaxies? Current theory suggests that active galaxies 

started to formed just 500-750 million years after the Big Bang: 

 

Note: Based on the ΛCDM model, the early universe is thought to have been a super-hot ionised plasma, which was 

essentially opaque to light for the first ~380 million years. However, after the temperature cooled due to expansion, the 

de-coupling event took place that then allowed the formation of the light elements – see Big-Bang Nucleosynthesis. The 

generally accepted theory is that primordial fluctuations in the density of this early homogeneous universe started to act 

as gravitational centres that concentrated baryonic matter, i.e. hydrogen and helium, plus dark matter into denser 

regions, which would ultimately form galaxies. 

 

 

 

General Premise 

The standard model assumes that the early universe was filled with hydrogen and helium, which was not perfectly 

homogeneous. As a consequence, small variation in density caused volumes of gas to start gravitating into proto-

galactic clouds. In these proto-galaxies, gravity would have acted in smaller regions to form the first stars. On a larger 

scale, gravity is assumed to have also started to form rotating disks of gas and dust, which we might now recognise as 

galaxies. The formation of the galactic disk also appears to provided an ideal environment for new stars to be formed. 

 

However, there is still much uncertainty as to whether the first stars came to life within the condensing primordial gas clouds 

and, by doing so, helped form the first galaxies prior to existence of any centralised black hole. Alternatively, it may be that 

some form of primordial black hole was required, from the outset, in order to create the spinning structure we now see in most 

spiral galaxies. Based on the expanding ΛCDM model, it is assumed that the early hot-dense universe must have been a very 

active system in which the first large galaxies grew through the accretion of smaller galaxies. As such, this model tends to 

suggest that galaxies are not isolated system in space, but rather exist along the filaments that extend throughout the 

observable universe. Observations also suggest that where these filaments join coincides with dense clusters of galaxies, which 

began as small fluctuations in the early universe. However, despite the success of this model, in many respects, it still struggles 

to provide an adequate explanation of the variety of galactic structures now observed in the present-day universe. 

http://www.mysearch.org.uk/website1/html/506.LCDM.html
http://www.mysearch.org.uk/website1/html/356.Primordial.html
http://www.mysearch.org.uk/website1/html/356.Primordial.html#Nucleosynthesis:_1-180_seconds
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So how much room remains for speculation? 

 

Within the overall discussion of the Rouke galactic model, there is an acceptance, based on observation, that the centre of most 

galaxies must contain a very dense and massive object. While this object is referred to as a black hole, it is not clear that the 

Rouke model explicitly accepts the common description of a black hole. 

 

“The terminology ‘black hole’ is very unfortunate as it is already clear that hyper-massive objects are anything but black. 

However it is well established and I shall continue to use it.” 

 

However, it is not clear what objection is actually being raised here, as black hole are said to be ‘black’ because light cannot 

escape their gravitational pull. The fact that such objects might be surrounding by an accretion of hot luminous plasma does not 

seem to change the basic description of a black hole, although its definition might be questioned in terms of matter 

degeneracy. A question might also be raised against the Rouke model as to why it chose to use a value of 10
12

 solar masses, 

when most estimates of a galactic black holes average the mass to be in the order of 10
6-8

 solar masses, although this average 

does not preclude much larger masses. However, despite these issues, the Rouke model seems to anchor the dynamics of a 

galaxy to the rotating ‘hyper-massive’ object at the centre of the galaxy and the idea of frame dragging, which is normally 

described in terms of the Kerr metric for rotating black hole. However, the Rouke model appears to reject the Kerr metric on 

the grounds that it is not compatible with Mach’s principle. This stance on Mach’s principle is not considered unreasonable, as 

the Kerr metric may be as speculative as any other solution when it comes to empirical verification. However, the significance 

of frame dragging has been questioned on the grounds that the equation appears to suggest that the frame rotational velocity 

would fall as an inverse square function of radius; although this analysis was based on the weak-field approximation. Therefore, 

this section will try to outline some of the wider issues surrounding a galactic black hole and its accepted description in terms of 

the Kerr metric. 

 

What arguments support the idea of a black hole? 

 

As already outlined, the general idea of a black hole is that it is an object from which not even light can escape its gravitational 

attraction that was first outlined by a geologist called John Michell, as early as 1783. However, the details of the physics of a 

black hole only started to be developed after Einstein’s publication of his general theory of relativity, in 1915. By 

1916, Schwarzschild had produced the first solution of Einstein’s field equations, which took the form of a metric for a non-

charged, static and spherically symmetric mass. As such, this metric described the gravitational field around a point like mass 

[M], which accounted for the relativistic effects on the surrounding spacetime. However, while we might now realise that the 

idea of a black hole might have been initially formalised in terms of Schwarzschild metric, back in 1916, the first theoretical 

description of the idea did not appear until 1939, when Robert Openheimer and H. Snyder stated in a paper: 

 

"When all thermonuclear sources of energy are exhausted, a sufficiently heavy star will collapse. Unless something can 

somehow reduce the star's mass to the order of that of the sun, this contraction will continue indefinitely" 

 

Today, the issue encapsulated in the second sentence of the quote above might be questioned in terms of ‘matter 

degeneracy’ and the link shows a table of possible stages of star collapse before the mathematical limit of a point mass is 

reached. However, despite the description in the quote, the term ‘a black hole’ was only later introduced by John Wheeler in 

1964, while the modern theory of black holes was only initially hypothesised by Stephen Hawking in 1970. The first object that 

http://www.mysearch.org.uk/website1/html/641.Models.html
http://www.mysearch.org.uk/website1/html/650.Models.html#Matter_Degeneracy
http://www.mysearch.org.uk/website1/html/650.Models.html#Matter_Degeneracy
http://www.mysearch.org.uk/website1/html/651.Kerr.html
http://www.mysearch.org.uk/website1/html/643.Mach.html
http://www.mysearch.org.uk/website1/html/648.Dragging.html
http://www.mysearch.org.uk/website1/html/275.Schwarzschild.html
http://www.mysearch.org.uk/website1/html/650.Models.html#Matter_Degeneracy
http://www.mysearch.org.uk/website1/html/650.Models.html#Matter_Degeneracy
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was cited as possible empirical evidence of a black hole was Cygnus X-1, which was a known galactic source of X-rays, first 

discovered in 1964. Within this historical timeframe, the concept of an ‘active galactic nuclei (AGN) ’ was first forwarded by 

Victor Ambartsumian, in the early 1950s, although the idea was initially seen as highly speculative. However, as the observation 

of quasars, radio outbursts, explosions in nuclei and ejection from nuclei grew in number, the concept of AGNs became more 

widely accepted. Today, the radiation from an AGN is assumed to result from the accretion of mass by a super-massive black 

hole at the centre of the host galaxy. 

 

Formation Factors 

Within the general premise of gravitational collapse, two other factors may account for a key differences between 

elliptical and spiral galaxies, i.e. angular momentum and rate of cooling. 1) It is assumed that proto-galactic clouds with 

more angular momentum would spin faster, which helped in the formation of spiral galaxies, while slower spinning 

clouds may have formed elliptical galaxies. 2) In addition, higher density proto-galactic clouds may have cooled faster 

and, in so doing, caused much more gas and dust to be used up in the formation of stars, such that there was not 

enough to form any obvious galactic disk, as in the case of elliptical galaxies. 

 
In terms of modelling the dynamics of a rotating AGN, and the 

rest of galaxy, the use of Schwarzschild’s original metric of the 

spacetime around a static black hole has some obvious 

limitations. However, as early as 1918, Lense-Thirring had 

developed another metric that described the gravitational field 

around a rotating sphere, although this solution was limited to a 

weak field in the presence of a slowly rotating mass [M]. Only 

later, in 1963, was a more detailed metric of a rotating mass 

published by Roy Kerr, now known as the Kerr metric, which was 

then followed up, in 1965, with the Kerr-Newman metric that 

included the complexity of a  charged rotating central mass. Of 

course, for the person simply wanting to follow the general logic 

of any new proposal for a galactic model, the mathematics 

behind all these metrics can be somewhat daunting. While 

previous discussions have reviewed aspects of the Schwarzschild metric, in some detail, the intention of the next few 

discussions is primarily to provide a general overview of some of the issues that may still be subject to speculation. Within 

the Rouke model, there is an assumption that the life-cycle of a star starts out as a process within the active galactic nucleus, 

which then ‘migrates’ outwards along the spiral arm over billions of years. As such, there is an implicit assumptions that stars 

within a galaxy have a trajectory described by a velocity with both orbital [vO] and radial [vR] components, which have to be 

resolved against the frame dragging velocity [vD] of the spacetime surrounding the galactic centre. While quantifying the actual 

values for each of these component velocities is a task that has been occupying  astrophysics for decades, we might try to 

generalise the possible magnitude of each velocity component as follows: 

 

 Observational measurements suggest that most stars in the galactic disk are travelling at speed in the order of 

250,000 m/s.  

 

http://www.mysearch.org.uk/website1/html/275.Schwarzschild.html
http://www.mysearch.org.uk/website1/html/641.Models.html
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 Based on the radius of a typical galaxy and the period of galactic rotation, it is estimated that any radial velocity [vR] in 

the spiral arm would have to be relatively small in comparison to the orbital velocity [vO], e.g. <10,000 m/s.  

 

 In comparison, the standard frame dragging equation suggests that the velocity [vD] falls as an inverse square function 

of radius, this velocity might be less than 1 m/s at radii extending into the galactic disk. 

 

Structural Formation 

In general, galaxies are not as isolated, as we might initially assume. In relative terms, i.e. compared to stars, galaxies 

are relatively close to one another, such that they can interact and ultimately collide. While these 'collisions' involve both 

gravitational potential and kinetic energy, galaxies are not billiard balls, but rather more analogous to gas clouds, which 

distort in shape as they pass through each other. Simulation models suggest that collisions between spiral galaxies 

would tend to result in galaxies that are more elliptical in shape. Based on this assumption and the observation of the 

numeric distribution of galactic shapes, it is estimated that as many as half of all galaxies have been involved in some 

sort of collision. 

 

While the Rouke model rejects the standard Kerr metric of a rotating black hole, because it is not Machian, subsequent 

discussions will review some of the mainstream ideas associated with a  rotating black hole in the absence of any obvious 

alternatives at this time. While there are other models of the workings within the AGN’s in terms of plasma physics, this aspect 

will be deferred to the section that reviews some of the ideas specific to the 'plasma model’. As such, the following discussions 

will be limited to gravitational mechanisms, which might still be described in terms of both classical and relativistic concepts. 

Today, most galactic models appear to accept the idea of some super massive object, i.e. a black hole, residing at the centre of 

the galaxy. However, the idea of a black hole is considered to be important within astrophysics for a number of reasons: 

 

 They possibly represent one of three endpoints within the lifecycle of stars along with white dwarfs and neutron stars.  

 They may be an important power source within most galaxies in their various forms.  

 They may well be the ‘simplest’ macroscopic objects in the universe, defined by only a few key properties. 

 

It is immediately highlighted that the implied ‘simplicity’ of black holes may only extend to the number of parameters required 

by a mathematical model and not the implications that stem from their physical description. However, in the present context, 

we are primarily interested in the idea of a black hole as an explanation of observed phenomena. 

 

Collision By-Products  

The collision of two galaxies may also result in a waves of new star formation plus help trigger supernovae and the 

formation of galactic black holes in active galaxies. If so, the basic process of galaxy formation starts prior to the 

formation of any sizable galactic black hole, which may or may not be a factor in the Rouke Model. Within this 

expanding picture, it seems that galaxies are not just randomly positioned in space, but rather exist in galactic clusters, 

which are gravitationally bound together and, as a result, continue to influence one another. 

 

  

http://www.mysearch.org.uk/website1/html/655.Plasma.html
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1.4.6.4.1 Black Hole Models 
 

At one level, a black hole might be described as a concept that is extrapolated from 

the collapse of mass under the influence of Newtonian gravity, such that an event 

horizon is defined with an escape velocity equal to the speed of light [c]. However, 

what happens at and inside the event horizon might be said to depend on which 

mathematical model is adopted, as not even the outer horizon has ever been directly 

observed, let alone the interior. So, on this basis, now might be as good a time as any 

to consider some further speculation regarding the physical nature of black holes.  

 

Collapsed Stars 

Stars are normally assumed to balance the inward force of gravity by a 

pressure that comes from an internal fusion process, which pushes outwards 

on the star. However, when the star has burnt all its nuclear fuel, the force 

gravity can proceed to overpower this form of outward pressure. What 

happens next is normally described within the context of our current 

understanding of sub-atomic physics, but which may ultimately extend 

beyond any verified science. 

 

As introduced, a black hole is often described as a point mass [M] hidden behind an 

event horizon [Rs] where the escape velocity equals [c]. It is an object assumed to be 

created when matter, typically a star, collapses under the effects of its own gravity as 

the outward pressure of its internal fusion processes fail. However, in practice, the process of gravitational collapse might 

proceed through stages, described in terms of matter degeneracy, in which the normal states of sub-atomic matter, e.g. 

nucleus orbited by electrons, collapse towards ever greater density states. While there may be several stages of matter 

degeneracy, we shall simply mention 4 for the purposes of this discussion linked to black holes: 

 

 Neutron 

 Quark 

 Planck 

 Singularity 

 

A free neutron is known to decay into a proton and electron after about 10 minutes, while under gravitational collapse this 

process is assumed to be reversed, such that the atomic structure of the electron orbiting a proton-neutron nucleus collapses 

into a neutron. As such, matter in this form essentially consists of neutrons packed together in a highly dense state. However, 

neutrons are said to be made up of quarks, such that we might speculate that the ‘structure’ of a neutron might undergo a 

gravitational collapse towards packed quarks. If we follow this logic, the scale of matter must eventually approach the Planck 

scale at which all physics ceases to have any real description. Beyond this point, we only have a mathematical concept of an 

infinite point mass. While the following table is not meant to be taken too literally, it might be used to characterise some form 

of physical size associated with the 4 states of degenerate matter outlined, where the density and physical radius can be 

compared in terms of a source with 1 solar mass and its implied Schwarzschild radius [Rs]. 
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Sun-Star Neutron-Star Quark-Star Planck-Star Units 

Mass = 1.99E+30 1.99E+30 1.99E+30 1.99E+30 kg 

Rs = 2.97E+03 2.97E+03 2.97E+03 2.97E+03 m 

Density = 1.41E+03 5.00E+17 1.00E+29 5.10E+96 kg/m
3
 

Radius = 6.96E+08 9.83E+03 1.68E+00 4.53E-23 m 

 

Pauli's Principal  

The exclusion principle states that 2 matter particles cannot occupy the same space. When particles are confined in 

space, there is an implied restriction of the matter wavelengths, which has a knock-on implication on the associated 

energy. As such, an internal pressure builds up as matter collapses into a confined space, as in the case of gravitational 

collapse. This degeneracy pressure is what stops stars from collapsing beyond their normally observed physical radius. 

However, there may be various forms of degenerate pressure. 

 

So, for this comparative process, 1 solar mass is used in all cases, which in-turn results in the same Schwarzschild radius [Rs], 

although this is not the physical radius of a normal or neutron star. The density figures for each ‘star-type’ are simply estimates 

from which the physical radius can be calculated. In the case of a normal star or neutron star, the physical radius is greater than 

the Schwarzschild radius and therefore the surface structure would not be hidden behind an event horizon. However, this is not 

the case for stars that collapse towards more extreme degenerate matter states, i.e. quark and Planck. While there is some 

speculation that quark-stars may exist, the idea of a Planck-star is simply a conceptual limit beyond which any known 

description of matter ceases to be meaningful. So, in this context, let us table the question: 

 

White Dwarfs 

Is a star that starts out with a mass and size comparable to our Sun, but ends up collapsing to the size of the Earth. The 

stabilising pressure  produced by this type of collapse is created by an electron degeneracy pressure. 

 

Neutron Stars 

When stars greater than two solar masses start to collapse, electron degeneracy pressure is not enough to halt the inward force 

of gravity. As result, the atomic structure of electron orbitals around the central nucleus collapse and electrons and protons 

combine to become compacted neutrons. This new restructuring defines a neutron degeneracy pressure that halts gravity. 

 

Black Holes 

Stars with a mass greater than three solar masses can undergo yet another type of collapse, which can overpower even the 

neutron degenerate pressure, although the full scope of this process is speculative. Without defining another form of 

degenerate pressure, gravity would conceptually collapse the mass to a singularity of zero size and infinite density. This is a 

conceptual problem for both our imaginations and mathematics, neither of which really like infinities.  Now string theory 

redefines the singularity by stopping any further collapse at the Planck length, although the actual status of this speculative 

'theory' might be questioned. There is also the open question as to whether the accepted description of quarks would also 

create some form of degenerate pressure? 

 

How big is a black hole? 
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Clearly, it would seem that the event horizon [Rs] is a boundary at which some fairly dramatic spacetime effects occur and 

beyond which we might only speculate on the form of matter. From a mathematical perspective, the external solution of 

Newton’s shell theorem tells us that irrespective of its density and size, the mass within the event horizon can be formulated as 

a point mass. However, the concept of a rotating black hole acquires the attribute of angular momentum [J], which we might 

try to initially quantify in terms of the mass [M] multiplied by its rotational velocity [v] and its physical radius [R]. At this point, 

we might recognise that any black hole model has to be extended beyond Newtonian physics into general relativity, while also 

accounting for the possible effects of any degenerate pressures and rotational energy within the event horizon. Of course, such 

ideas can lead to a great deal of mathematical complexity in any final model of a black hole; therefore we shall start by only 

focusing on how a black holes is thought to effect the surrounding spacetime. If we start with Einstein’s description of spec ial 

relativity, the spacetime metric might be presented in the form: 

 

[1]       

 

Due to the nature the problem space, the metric is normally presented in spherical coordinates, which can be transformed back 

into Cartesian coordinates as follows: 

 

[2]       

 

In this context, [r] is described as the coordinate radius, while [θ=0..π] might be visualised as the angle of latitude, i.e.  north-

south, and [φ=0..2π] as the angle of longitude, i.e. east-west. However, the Minkowski metric of flat spacetime, as shown in [1] 

changes in the presence of a gravitational mass into the basic form of the Schwarzschild metric: 

 

[3]       

 

The presentation of the Schwarzschild metric in the secondary form, using coefficients [gnn], allows easier comparison with 

other metrics. At this stage, we might define the parameter [Rs] as the Schwarzschild radius, which defines both the radius of 

the black hole event horizon in terms of its mass [M]. 

 

[4]       

 

There is still much debate about the perception of spacetime at the event horizon, especially in terms of the reality of the time 

dilation between a local observer and some distant observer. For example, although mathematical models can switch to 

other coordinate systems in which spacetime appears quite normal at the event horizon, they appears to do so by ignoring the 

http://www.mysearch.org.uk/website1/html/245.Concepts.html
http://www.mysearch.org.uk/website1/html/275.Schwarzschild.html
http://www.mysearch.org.uk/website1/html/285.Coordinates.html
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fact that time relative to the distant observer would seem to have stopped. So, within this initial generalisation, we might begin 

to see how the original Newtonian description of black holes is changed by relativistic physics. 

 

So does the Schwarzschild metric describe a black hole? 

 

In practice, the Schwarzschild metric is a 'simplified' solution of Einstein fields equations of general relativity for a static, 

spherical symmetric mass [M]. However, later descriptions of black holes would introduce the complication of rotation [dφ/dt] 

and electromagnetic charge [Q] into this description. The introduction of these additional properties would be reflected in a 

series of metrics developed over the next 50 years following Einstein’s initial publication of general relativity in 1915 and 

Schwarzschild initial solution in 1916: 

 

 1916: Reissner-Nordstrom static charge metric 

 1918: Lense-Thirring slow rotation metric 

 1963: Kerr rotation metric 

 1965: Kerr-Newman charged rotation metric 

 

For the purposes of this discussion, linked to galactic model, we shall focus on the accepted description of a rotating black hole 

conforming to the Kerr metric. However, before considering some of the more complex issues associated with relativistic 

metrics, we might simply table some useful classical equations by way of general reference: 

 

[5]       

 

Note, aspects of these equations are modified by relativistic effects when considered in terms of the effective potential of a 

large gravitational mass like a black hole. However, in [5], we see the independent classical formulation of the orbital and radial 

components of a trajectory due to some central mass [M]. For clarity, we might also correlate the idea of an orbital or angular 

velocity [vO] back into a linear velocity that is  tangential to the circular orbital. 

 

[6]       

 

The radial  velocity [vE] might also be viewed as either the instantaneous free-fall velocity under gravitational acceleration [g] or 

alternatively as the required escape velocity from the mass [M]. In [7], we see the equating of the idea of  inertial [mI] and 

gravitational [mG] mass, which although shown to be equivalent is still subject to some debate in the form of Mach’s principle. 

 

[7]       

http://www.mysearch.org.uk/website1/html/651.Kerr.html
http://www.mysearch.org.uk/website1/html/281.Potential.html
http://www.mysearch.org.uk/website1/html/643.Mach.html
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We can also use the idea of an escape velocity to derived the Schwarzschild radius of a black hole horizon, as stated in [4], 

where the escape becomes equal to the speed of light [c]: 

 

[8]       

 

However, by definition, the subject of relativity is based on the perspective of one or more observers, who occupy different 

frames of reference, such that they ‘see’ events in spacetime differently. To provide some basic visualization of 3 distinct 

perspectives, the  model, shown right, has been previously used. Within this model, we might quantify the perception of each 

type of observer in terms of the effects of special and general relativity, where [r] is defined as the coordinate radius: 

 

 The distant observer [A] far from any gravitational mass [M]. 

 A shell observer [B] at a distance [r] from the gravitational mass [M]. 

 A free-falling observer [C] accelerating towards the gravitational 

mass [M]. 

 

In terms of special relativity, the relativistic effects of velocity on space and 

time are encapsulated in the definition of gamma [γ] with its origins in 

the Lorentz transforms: 

[9]       

 

However, based on the definition of the escape velocity [vE] in [8], we might 

see how the diagram above quantifies the relativistic effects of gravity and 

free-fall velocity into a single expression. 

 

[10]     

 

Given that reference can be made to the previous discussion of Schwarzschild metric, we shall initially present this metric in the 

form shown in [11] and restate that it is a solution of general relativity, when applied to an uncharged, non-rotating, spherically 

symmetric body of mass [M]. 

 

[11]     

http://www.mysearch.org.uk/website1/html/277.Radial.html
http://www.mysearch.org.uk/website1/html/276.Radius.html
http://www.mysearch.org.uk/website1/html/242.Lorentz.html
http://www.mysearch.org.uk/website1/html/274.Introduction.html
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In essence, [11] represents an expression of the spacetime interval [ds], which can also be described in terms of the proper time 

[dτ]. Given that the purpose of this discussion is to try to avoid as much mathematical complexity as possible, we might adopt 

the notation often used by differential geometry by replacing the relativistic expression with a coefficient [gnn]: 

 

[12]     

 

We might also highlight the basic relationship between the proper time [dτ] and the coordinate time [dt] by considering the 

form of [11] in the case of a stationary event, i.e. where [dr=dθ=dφ=0]: 

 

[13]     

 

In essence, [13] expresses the time dilation associated with a fixed position within the gravitation well of a large mass [M], i.e. 

aligning to the definition of a shell observer in the diagram above. In this context, we might equate the description of a distant 

observer [Rs/r → 0] to the definition of a ‘null geodesic’ position in spacetime, i.e. in an inertial rest frame far from a gravitation 

source. In contrast, the free-fall observer would be ‘seen’ by the distant observer to be subject to relativistic effects of 

increasing velocity and gravitation. Of course, the interesting point of debate in [13] comes when [r] approaches [Rs]. 

 

Footnote: 

While the normal assumption that the gravitational acceleration [g] near a black hole must be huge is not incorrect, the 

following equations suggest that gravity [g] at the event horizon of a super-massive black hole might not be so unusual: 

 

[14]     

 

The suggestion in [14] is that a black hole of ~10
13 

solar masses would have a similar gravitational pull as Earth, i.e. g=1, 

at its event horizon [Rs]. While classical physics suggests that anybody travelling at velocity [v] must pass through this 

horizon in some finite time, it is unclear from a time dilation perspective as to whether any distant observer would ever 

live long enough to see this happen! 
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Roy Kerr  

Is a mathematician, born 

1932, who is best known for 

creating an exact solution to 

the Einstein field equation of 

general relativity for the 

gravitational field outside an 

uncharged rotating massive 

object, which includes a 

rotating black hole. 

1.4.6.4.2 The Kerr Metric 
 

In the context of a galactic model, we shall essentially focus on the initial complication of 

a rotating black hole with no charge. On the basis that a black hole forms due to the 

collapse of a star, it is highly probable that this star would have been rotating on its axis.  

 

A Rotating Black Hole 

The difference of a rotating black hole from a stationary black hole might be 

quantify in terms of an additional zone called the ergosphere, which comes from 

the Greek word 'ergon' meaning 'work'. Within this definition is a conceptual 

possibility that energy might be extracted from the black hole, although this is 

not a central issue of the present discussion. As a general description, it might be 

said that the event horizon of a rotating black hole can be smaller than a 

stationary black hole, although qualifications to this statement are required. For example, the ergosphere of a rotating 

black hole is often associated with something called the stationary limit, which is a point where the surrounding 

spacetime is said to be 'dragged' around at the speed of light [c], negating the possibility of stationary particles 

 

By the law of the conservation of angular momentum [J], the rotational energy has to be conserved within the black hole. It is 

also highlighted that as the star collapses, i.e. reduces in radius, the conservation of angular momentum would also require that 

the black hole increase in angular velocity [ω]. 

 

A process theorised by Roger Penrose suggests that energy can be extracted from a rotating black hole because the 

rotational energy of the black hole is located outside the event horizon of the black hole in a region called the 

ergosphere in which spacetime is dragged around by the rotating black hole. However, the full implications linked to the 

total energy-mass of a rotating black hole are way beyond the scope of this discussion. 

 

Again, we will start by simply presenting the Kerr metric, which extends the Schwarzschild metric of a spherically symmetric 

mass [M] to one that accounts for a rotation about a vertical axis passing through its centre.  

 

[1]       

 

However, we need to immediately introduce some of the abbreviated terms used in [1], although there are further 

consideration to be derived from their use: 

 

[2]       
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The idea of the coordinate radius [r] has already been addressed, so this note is more by way of a cross-reference. In the 

context of the Schwarzschild metric, it was concluded that the coordinate radius was essentially determined by the distant 

observer in flat spacetime. The Kerr metric also introduces the complexity of rotation in terms of both angular velocity [ω] and 

momentum [J]; although the relativistic effects on spacetime are still defined by velocity and gravity, i.e. special and general 

relativity respectively. If we limit the discussion of the Kerr metric to the equatorial plane of rotation, we can see that [ρ] in [2] 

collapses back to the idea of the coordinate radius [r]. However, the form of [1] is quite lengthy and the apparent introduction 

of so many new parameters can still make direct comparison with the Schwarzschild metric difficult. Therefore, we might 

simplify [1] by again representing the various functions associated with each variable term as coefficients, i.e. 

 

[3]       

 

In the context of [3], we continue to see the dependency of the Kerr metric on time [dt], the coordinate radius [dr], the angle of 

latitude [dθ] and the angle of longitude [dφ]. However, we might now notice that there is a new coefficient [gφt ], which is 

presumably unique to the description of a rotating black hole. Again, some of the complexity of the coefficients, shown  in [4], 

can be reduced if we only consider a rotation around an equatorial plane, where [θ=90
o
, cos

2
θ=0], such that the coefficients 

become: 

[4]       

 

From a general perspective, we might wish to view the values of the coefficients above over a range of the coordinate radius 

[r=∞..Rs/2], where all the coefficients, except [gtt], are normalised to [r]. Note: the key to the various curves shown in the 

following graph align with (a..e) in [4] above. At this stage, the plots above are only intended to give a basic insight as to how 

the coefficients of the Kerr metric might differ from the Schwarzschild metric. In the case of the [gtt] coefficient shown in plot 

(a), its value still collapses towards zero as [r] approach [Rs], which suggests that time at a stationary point on the event horizon 

[Rs] would slow to a stop. However, it is highlighted that a rotating black hole may not permit a stationary point at [Rs] and that 

the values for its coefficients may exist below the event horizon of a static black hole. 

 

[5]       

http://www.mysearch.org.uk/website1/html/276.Radius.html
http://www.mysearch.org.uk/website1/html/274.Introduction.html
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Comparison of the [gφφ ] coefficient in the Schwarzschild 

and Kerr metrics, as shown in [5], suggests that a rotating 

black hole requires a different definition of the measured 

radius. In part, plot (d) shows the relative change in this 

coefficient with respect to [r], which ultimately extends up 

towards infinity as [r] approach zero. In this respect [R] 

might be described at the revised or reduced radius [r→R] 

for the Kerr metric of a rotating black hole. While the 

implications of the Kerr coefficients needs further 

consideration, we shall defer this discussion to later and 

for now return to [2] in order to outline the implication of 

the spin parameter [α] and secondary parameters used to 

defined it. Given that we are considering a system with 

mass [M] in rotation, we are also implicitly describing a system with angular momentum [J]. While the actual definition of 

angular momentum depends on the geometry of rotation, e.g. circular or elliptical, we might continue to simplify this general 

outline by restricting the orbital geometry to being circular, such that [J=mvr → MvRM]. Based on this simplification, we might 

now proceed to define the parameter [α] in the Kerr metric: 

 

[6]       

 

In [6], we see that [α] is initially defined in terms an angular momentum [J] and mass [M] of the rotating black hole, such that it 

is representative of the angular momentum [J/M] per unit mass. However, inspection of the units of the Kerr metric requires 

[α] to have units of metres, which is resolved by quantifying the rotational velocity [v] as a ratio with respect to the speed of 

light [c]. The implication of [RM] is that it is the radius at which [J/M] can be defined, although we will need to qualify this 

statement in later discussions. Therefore, at this point, we might say that we have introduced most of the mathematical 

expressions and parameters used within the Kerr metric to describe a rotating black hole, although the physical implications 

stemming from this metric may still be far from clear; although a subsequent discussion entitled: ‘Horizons and Orbits’ will 

attempt to address some of the more ‘obvious’ issues. However, we might prepare the way for some of the following 

descriptive discussions by considering some of the mathematical solutions derived from the Kerr metric. Given that the 

following mathematical treatment of the Kerr metric is fairly superficial, interested readers may wish to reference more 

detailed papers, where the one by Christopher M. Hirata might be good introduction to the mathematics. For example, the Kerr 

metric gives rise to a number of horizons or boundary conditions, which do not exist for the Schwarzschild metric, such that the 

idea of frame dragging does not arise. While both of these topics will also be outlined in more descriptive terms in subsequent  

discussions, we might initially try to summarise the mathematical premise for these ideas. In [2] above, we introduced a 

number of expressions used within the Kerr metric, i.e. 

 

[7]       

http://www.mysearch.org.uk/website1/html/653.Horizons.html
http://www.mysearch.org.uk/website1/pdf/651.1.pdf
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In isolation, this expression suggests 3 possible solutions, where [∆>0] aligns to a positive region of spacetime that moves 

outwards, while [∆<0] aligns to a negative region of spacetime that moves inwards. Therefore, [∆=0] might suggest a special 

boundary condition. 

 

[8]       

 

In [8], we show the case [∆=0] in 3 different, but equivalent forms, because many references adopt geometric units, where 

[G=c=1]. While the geometric form can be unnecessarily confusing and not used by choice, it is adopted at this point simply to 

derive a solution that will be found in many references, although not often explained. The solution of [8] starts as follows: 

 

[9]       

 

The form of [9] is a quadratic equation that can be solved using the standard form: 

 

[10]     

 

The solution in [10] suggests the possibility of an inner [RI] and outer [RO] horizon or boundary; although we shall defer 

discussion of the solution until later. Examination of the definition of the spin parameter [α] in [6] shows that its value is a 

function of the rotation velocity [v]. Without going into the geometry, we might realise that a region external to the outer 

horizon [RO] is affected by the polar angle [θ] from the equatorial plane, which is called the ‘ergosphere’ defined as follows: 

 

[11]     

 

The discussion of the various regions surrounding a rotating black hole will be deferred to later, so that we might first continue 

to focus of the mathematical implications stemming from the Kerr metric in terms of both tangential and radial paths . 

 

 

http://www.mysearch.org.uk/website1/html/652.Paths.html


the mysearch.org.uk website 
All great truths begin as blasphemies 

copyright ©: 2004-2015 
_______________________________________________________________________________________________________ 

 

 
343 of 392 

 

1.4.6.4.3 Tangential and Radial Paths 
 

In the current context, we are still considering the role of black holes in galaxy formation, which in-turn requires some 

understanding of the tangential and radial paths around the potential existence of black holes at the centre of many galaxies. 

However, the primary evidence for black holes, beyond their mathematical possibility, is still relatively recent and to some 

extent somewhat circumspect. This said, it is probable that most physicists will support the case for the existence of black holes 

has proven, beyond all reasonable doubt, on the basis of observation evidence. In practical terms, this evidence consists of the 

detection and measurement of extreme gravitational fields, which suggest that the source object cannot be a star or cluster of 

stars. Extrapolating this line of argument, if the gravitational effects are confined within a sufficiently small region of space, 

then the only thing left is a black hole. However, it is still possible to question whether this undoubtedly massive object is really 

a black hole conforming to standard literature. 

 

Galactic Black Holes 

The extension of the basic idea of a black hole to a galactic black hole that may have the mass of a billion stars is quite a 

jump in speculative thinking. However, the idea  started to emerge, as early as 1974, based on the detection of strong 

emission in the direction of galactic centre of the Milky Way. Over time, the evidence appears to suggest that the source 

of these emission must not only be very massive, but occupy a relatively small region of space, i.e. the primary evidence 

for a black hole. While there is a lot gas and dust between the Earth and the centre of the Milky Way, which can block 

optical light, the development of infrared telescopes has allowed the galactic centre  to be study in evermore detail. 

These studies appeared to show stars in this region, but not in the concentration required to account for the strength of 

the emissions. As a result, the speculation has grown that the entire galaxy rotates around something that is essential 

invisible, but with the mass of 4 million Suns. 

 

This discussion is essentially an extension of the previous introduction of the 'Kerr metric’. For mathematical simplicity, we 

might consider both the tangential and radial paths of a photon around any black hole, where the proper time [dτ] for a photon 

is always zero. In terms of a tangential path, we might still gain some insight by considering a photon following a circular orbit, 

where dr=dθ=0, such that we might reduce the Kerr metric to the form: 

 

[1]       
 

We can proceed from [1] by dividing through by [dt] and, after re-arranging the terms, end up with quadratic equation of the 

form: 

 [2]       

 

http://www.mysearch.org.uk/website1/html/651.Kerr.html
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Substituting the values of [a,b,c] into the standard solution of a quadratic equation leads to a messy looking solution, which 

most texts normally skip over. However, the following expansion is provided for those looking for the details consistent with 

the units and description used within this discussion: 

 

[3]       

 

In order to rationalise the terms associated with the quadratic solution, we need to expand the composite expression [4ac], 

such that some of the cross-terms can be eliminated as follows: 

 

[4]       

 

If we now substitute [4] back into [3] we get: 

 

[5]       

 

At this stage, the equation in [5] still looks fairly messy with only a few obvious rationalisations left, if all the key parameters are 

to remain visible within the definition of MKS units being used: 
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[6]       

 

While we can now readily substitute appropriate values for most of the variables in [6], we need to return to the issue of the 

spin parameter [α] defined in terms of the angular momentum [J] and the associated mass [M] of the black hole. For a circular 

orbit the definition of the spin parameter [α] simplifies to the following form: 

 

[7]       

 

We might conceptually assume that a black hole might have a rotational velocity between [0..c], where [c] would be the most 

extreme case. However, we also have to make some assumption about the radius [RM] related to the mass [M], which in 

geometric units end up as follows: 

 

[8]       

 

While [8] is a little ad-hoc, it provides a starting point for substituting into [7], such that we might consider it to be the most 

extreme case of a rotating black hole. However, before reflecting on what [6] might be trying to tell us, it might be sensible to 

consider a similar approach for the radial path of a photon, where we now set [dφ=0]: 

 

[9]       

 

From [9], we have to simply divide through by [dt] and re-

arrange: 

[10]     

 

We can now substitute appropriate values into [10] with the 

same assumption for the spin parameter [α] as outlined in [7] 

and [8]. So, in [6] and [10], we now have the equations that will allow us to plot the rotational [vO] and radial velocity [vR] of a 

Kerr black hole with some caveats as shown in the chart above. 
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So the previous chart shows 3 plots, two linked to equation 

[6] showing the tangential orbital velocity of a photon [vO] 

going with [+] and against [-] the rotation of the black hole. 

In contrast, the third plot is linked to equation [10] and 

shows the radial velocity [vR] of a photon approaching the 

black hole. Again, the plots are based on the extreme case, 

where the rotational velocity of the black hole [v=c] and 

[α=Rs/2]. It might also be said that the graph above 

represents the ‘perception’ of a distant observer as the 

calculations are normalised to the coordinate radius [r]. In 

terms of the rotational velocities of the photons, at [r=Rs], 

the [+] rotating photon has a perceived velocity [vO=0.667c], while the [-] rotating photon has a velocity [vO=0c], which then 

both converge to [vO=0.5c] at [r=Rs/2]. Clearly, if the key postulate of special relativity is to be maintained, i.e. the speed of light 

is always [c] for any given observer, we need to explain the results of [6] shown above.  However, before attempting an 

explanation of this issue, we should also comment of the result of the radial velocity of the photon, which appears to collapse 

to zero at the event horizon [Rs]. In part, this statement is misleading as the photon can progress beyond the event horizon, but 

not in terms of a purely radial velocity. In fact, the plot above might provide a better insight of a stone dropped from rest far 

from our rotating black hole, which therefore starts off with no angular velocity of its own, but as its approaches the black hole 

it is swept up by the effects of a ‘rotational drag velocity’ on the spacetime surrounding the rotating black hole.   Again, we will 

consider the issue of ‘frame dragging’ in a little more detail in a subsequent discussion. However, it might be noted that the 

frame dragging effects only extends out in terms of a few multiples of [Rs], while a typical galaxy may extend out by over a 

million [Rs]. As such, it is not clear how this effect directly drives the rotation of the galaxy, other than it may impart the 

required angular momentum into the spiral arms, where they attach to active nucleus, i.e. where the frame dragging velocity is 

much, much higher.  However, for the moment, we will return to 

the perceived rotational velocities by considering the change to the 

[gφφ] coefficient in the Kerr metric, where it was suggested that [R] 

might now be equivalent to [r] in the case of the Kerr metric: 

 

[11]     

 

If this is the case, then we should possibly redraw the first chart in 

terms of [R] not [r] in as much as it might be more representative 

of the tangential velocity as shown in the revised graph right. As 

such, the plots may now make a little more sense in that the 

photons, i.e. [+] and [-], both end up being dragged around the 

rotating black hole, which we have assumed is itself rotating at 

[v=c] at a radius [α=Rs/2]. While this explanation does not explicitly address the relative velocity of the [+/-] photon maintaining 

a constant velocity [c] with respect to an local inertial observer at [Rs/2], it is assumed that the overall effects of space and time 

compensate for the discrepancy ‘seen’ by the distant observer. 

 

http://www.mysearch.org.uk/website1/html/654.Frames.html
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1.4.6.4.4 Horizons and Orbits 
 

In the previous introduction of the Kerr metric, we simply went along with the idea that the black hole is rotating and therefore 

the following question and note may need some further consideration:: 

 

What is the Kerr metric actually describing as rotating? 

There seems to be a degree of ambiguity in the description of black 

holes, especially rotating ones, from the general perception of physical 

reality. For a start, there is the common assumption that all the mass 

'disappears' into a singularity of zero size and infinite mass. As such, it is 

also difficult to visualise how such an 'object' spins in space hidden 

behind its event horizon. However, on the other hand, if we transfer the 

idea of angular momentum of the black hole into the concept of frame 

dragging of spacetime, we might then have to question how spacetime 

rotates, with a define velocity, with respect to some distant observer. If 

so, we might also question how spacetime can not only be curved and 

distorted, but set in motion? 

 

By definition, a black hole is hidden behind an event horizon, such that it is not entirely clear how an essentially mathematical 

boundary might be described as physically rotating. However, as previous indicated, the laws of conservation require that 

whatever angular momentum was associated with a spinning star before it collapses into a black hole to be conserved within 

the event horizon or possibly extended  out into the surrounding spacetime geometry. It has also been highlighted that as the 

original star started to collapse, the conservation of angular momentum [J=MvRM] would have had to be contained within an 

ever smaller radius [RM] requiring the rotation velocity [v] to increase. According to the calculations originally done by Kip 

Thorne, most black holes could well end up rotating with a speed that starts to approach the speed of light. Clearly, such ideas 

may lead to many questions, but it might now be appropriate to try to establish some sort of descriptive picture of a rotating 

black hole and how it differs from the Schwarzschild metric of a static black hole. In the picture above, we appear to have a 

number of additional horizons or orbital regions over and above the Schwarzschild radius [Rs]. However, we shall continue to 

use the Newtonian definition of the Schwarzschild radius [Rs] as a frame of reference because its definition appears to 

predicated on only universal constants and the mass of the black hole [M]: 

 

[1]       

 

What is Mass? 

In part, we return to a familiar  question, what is the fundamental nature of a mass particle? Well, E=mc
2
 appears to 

suggest the equivalence of mass to energy, but what aspect of this energy can collapse towards the conceptual limit of a 

black hole singularity? We might wish to expand this context and ask if space can curve and rotate, can it oscillate? If it 

can oscillate, can it propagate as a wave? If so, can it propagate energy? However, the main discussion of such issues is 

deferred to the section on the Wave Structure of Matter. 

 

http://www.mysearch.org.uk/website1/html/651.Kerr.html
http://www.mysearch.org.uk/website1/html/275.Schwarzschild.html
http://www.mysearch.org.uk/website1/html/656.WSM.html
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While we shall continue with the assumptions in [1], it is assumed that the mass [M] has to be representative of the total 

energy [M=E/c
2
] of the black hole, i.e. inclusive of its rotational kinetic energy and possibly its internal pressure. However, at 

this point, we shall used [2] to return to the  definition of an inner [RI] and outer [RO] horizons linked to the rotating black hole. 

As indicated, in many references, the form of the equations is often presented in geometric units, which can appear to abstract 

the description from any underlying physical quantities, i.e. 

 

[2]       

 

In order for [2] to make sense, the units of geometric mass [Μ] actually has the dimensional units of length, i.e. metres not  

kilograms, where [G/c
2
] acts as a conversion factor: 

 

[3]       

 

However,  by comparing the form in [3] with the form of [Rs] in [1] leads to the following rationalisation, where the geometric 

mass of the black hole shown in [3] is actually physically equivalent to [Rs/2]: 

 

[4]       

 

Therefore, the use of geometric mass in [2] did not really help with the physical understanding of the equation, such that we 

may wish to reformulate [2] as follows: 

 

[5]       

 

Of course, while we might see that [α] must also have the dimensional units of metres, we now need to provide some sort of 

physical description of the spin parameter [α], which is related to the angular momentum [J] of the rotating black hole divided 

by its physical mass [M=kg]: 

 

[6]       
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Again, it is highlighted that the equivalence [J=MvRM] is based on the geometry of a circular rotation, where the implied angular 

velocity [ω] is converted to a tangential velocity [v] of a mass [M] at some given radius [RM]. Normally, the definition of the 

radius [RM] used to defined the angular momentum [J] is implied by the physical radius of an object. However, in the case of a 

black hole, this is a somewhat ambiguous concept as the mass [M] is often described as having collapsed into a singularity 

having no physical radius. However, based on the acceptance of [2]  and its physical interpretation in [3] and [4], we are drawn 

to the idea that the geometric mass is associated with a radius [Rs/2], such that this value might be substituted into [6] to give: 

 

[7]       

 

If so, then the abstracted solutions originally presented in 

[2] might now be described in terms of more readily 

understood physical parameters as follows: 

 

[8]       

 

As such, the an inner [RI] and outer [RO] horizon linked to 

the rotating black hole can be show to be directly 

dependent on the angular momentum [J] of mass [M] 

within a radius [Rs/2]. Of course, with the definition given in 

[8], it is clear that the an inner [RI] and outer [RO] horizon are a function of the rotation speed, i.e. [v=0..c], as shown in the plot 

above. What we now appear to see is that both the inner [RI] and outer [RO] radii converge to a single value at [Rs/2], when 

[v=c]. However, at lower rotation speeds, the inner [RI] radius would collapse to zero, while the outer [RO] radius would expand 

towards [Rs]. The outer [RO] radius might therefore be described as the distance where all matter and light cannot escape, i.e. it 

is analogous to the event horizon [Rs]  of a static black hole and reflected in the value of [RO], when [v=0]. The inner [RI] radius 

might be said to be ‘more’ speculative with the suggestion of some form of spacetime reversal behind which our universe 

ceases to exist; although it is not clear that this subject needs any more speculation than necessary at this time. 

 

So what is the ergosphere? 

 

From the first chart above, the ergosphere appears to be a region of spacetime surrounding the rotating black hole that extends 

out from the outer horizon [RO]. At this point, we can simply generalise the description of the ergosphere as a region in which 

nothing can remain stationary and must be dragged in the direct of rotation of the black hole. For this reason, the outer surface 

of the ergosphere is described as the ‘static limit’ of a rotating black hole. The mathematical definition is given as an extension 

of the outer horizon [RO] in [8], but where the static limit is now a function of the polar angle [θ] or latitude, i.e. 
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[9]       

 

So, for example, if we use the extreme case, i.e. [v=c, α=Rs/2], the 

effect of the angle [θ] on this specific configuration gives rise to the 

following static limit showed as a function of the angle [θ]: 

 

What is implied by the photon spheres in the diagram right? 

 

We can extend the physical description of a rotating black hole to 

include two further horizons or boundaries associated with the 

forwards and backward photon orbits. The issue of photon orbits arises because, unlike the Schwarzschild metric, the Kerr 

metric of a rotating black hole does not have spherical symmetry, only axial symmetry. As such, a circular orbit can only exist in 

the equatorial plane, where the radii of the forward and backward orbits are affected by the direction of rotation of the black 

hole. In essence, the rotating black hole is described as dragging the surrounding spacetime in the direction of rotation and, as 

such, the forward and backward photon paths are affected differently by this dragging effect, which is proportional to the 

speed of rotation. 

 

But surely this is not implying that the photons travel at different speeds? 

 

While the constancy of the speed of light is not being challenged, a point of reference on the photon orbit is now rotating with 

an angular velocity [ω=v/r], such that the forward and backward paths with respect to this point are different. The next diagram 

simply tries to illustrate the basic concept.  

 

 

 

So within the frame of reference defined by this source point, the forward path of the photon has a greater angular velocity [ω]  

than the backward path. So, in terms of this definition, the higher velocity of the forward path is associated with a radius closer 

to the black hole, while the backward path has a lower velocity and is associated with a radius further from the black hole. The 

separation between these  two paths is not only linked to the angular velocity [ωD] of the dragged frame of reference, but to 

the latitude [θ] of rotation, i.e. it is greatest within the equatorial plane. 
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1.4.6.4.5 Frame Dragging 
 

Dr. Wei Cui 

"If our interpretation is correct, it could demonstrate the presence of frame dragging near spinning black holes. This 

observation is unique because Einstein's theory has never been tested in this way before. The research team used these 

X-ray emissions to determine if frame dragging was present. The team found that the X-ray emissions were varying in 

intensity. By analyzing this variation, they found a pattern, or repetition, that was best explained by a perturbation in 

the matter's orbit. This perturbation, called a precession, occurs when the orbit itself shifts around the black hole. This is 

evidence for frame dragging because as the matter orbits the black hole, the space-time that is being dragged around 

the black hole drags the matter along with it. This shifts the matter's orbit with each revolution." 

 

In the previous discussion, an attempt has been made to outline some of the implications that result from the Kerr metric used 

to described a rotating black hole. 

 

[1]       

 

When comparing the Schwarzschild metric solution of a non-rotation black hole with the Kerr metric, we might identify the 

following components that differ: 

 

[2]       

 

However, based on the simplified approach used through the previous discussions, we will continue to consider solutions 

restricted to the equatorial plane of rotation, where [θ=90
o
, dθ=0]. In addition, in the context of describing frame dragging, we 

might also set [dr=0] when only considering orbital rotation, so that the Kerr metric reduces to the form: 

 

[3]       

 

Without really having proved the case, we might intuitive understand that the cross-term implied by the coefficient [gφt] in [3] 

represents something new in the Kerr metric, in comparison to Schwarzschild metric. As such, we might 'guess' that this must 

have something to do with the implied rotation associated with the Kerr metric, which is often described in terms of a ‘frame 

dragging [ωD]’ effect. Without being too rigorous, we might simply try to quantify the frame dragging effect as the ratio 

between the [gφt] coefficient and the [gφφ] coefficient. 

 

http://www.mysearch.org.uk/website1/html/653.Horizons.html
http://www.mysearch.org.uk/website1/html/651.Kerr.html
http://www.mysearch.org.uk/website1/html/275.Schwarzschild.html
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[4]       

 

So based on all the simplification introduced, when we review [2], we see that the spin parameter [α] ends up being the main 

unknown in [4]. However, the previous discussion outlined that while the spin parameter [α] is aligned units of metres, it also 

encapsulates the idea of the mass [M] of the black hole and its angular momentum [J]. However, the physical interpretation of 

mass [M] in terms of [kg] become somewhat ambiguous for a black hole reduced to a description of point singularity hidden 

behind an event horizon at [Rs]. As such, it is also difficult to quantify the angular moment [J=MvR], if we are uncertain how to 

specify the velocity [v] at some radius [R]. However, as previously explained, we might compare the definition of the 

Schwarzschild radius [Rs] with the definition of the geometric mass, such that we can rationalise the physical mass [M] to some 

radius specified in terms of [Rs]: 

 

[5]       

 

So based on the assumption in [5], we can proceed to quantify the definition of the spin parameter [α] in terms of parameters 

that can be physically interpreted: 

 

[6]       

 

Now, in [6], we see that the uncertainty in the spin parameter [α] is reduced to the value of the tangential velocity [v] at [Rs/2]. 

While we do not actually know this velocity [v] for any given black hole, we might argued that in the extreme case of the 

conservation of angular momentum [J], the original value of [v] associated with any star that collapses into a black hole must 

increase as its radius reduces towards its description as a point singularity. As such, we might assume the most extreme case of 

[6] exists as [v] approaches [c] and we can substitute [Rs/2] for the spin parameter [α]. On the basis of this assumption, [4] 

becomes 

 

[7]       

 

We might be able to immediately see that [7] will reduce to the weak-field approximation, i.e. [cRs
2
/r

3
], when [r>>Rs], although 

the following graphical plot of values might make it easier to see the change in the frame drag tangential velocity [vD] as a 

function of the radius [r/Rs].  
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The two curves represent the frame dragging velocity 

of spacetime surround a black hole of mass [M] 

spinning at light speed [c], conceptually at its 

Schwarzschild radius [Rs], as a function of increasing 

coordinate radius [r] normalised to [Rs]. The angular 

drag velocity [ωD], shown in black, is linked to the 

secondary vertical axis on the right, while the 

tangential drag velocity [vD] is shown in red as the ratio 

[vD/c]. Based on the graph above, it would appear that 

the frame dragging effect would quickly diminish with 

increasing radius [r], such as to be virtually ineffectual 

outside the inner core of a galaxy. So the question that 

possibly needs to be table is: 

 

Is the conservation of angular momentum within the 

galaxy the key power source? 

 

It might also be worth highlighting an important difference between Newtonian and relativistic physics. In Newtonian physics, 

any rotation [ω] will produce centrifugal effects without directly influence the gravitational field. However, in general relativity, 

angular momentum [J] implies a form of rotational energy, such that the rotation of a gravitational field introduces an 

additional source of gravitation. 

 

Note: While there may be provisional acceptance of the general assumptions underpinning the mathematical model 

presented, further reflection of this model may still be necessary. First, by the rules of special relativity, any physical 

‘particle’ falling into a rotating black hole cannot actually attain a velocity equal to [c] as its relativistic mass would 

increase towards infinity. As such, we might have to question the fundamental description of particle physics in this 

region. However, the implication that space is dragged along with the rotating black hole is possibly the more 

fundamental issue of concern. For if the black hole rotates continuously, and continuously drags localised space with it, 

while more distance space remains stationary, does space cease to be continuous? For there is a suggestion that the 

‘fabric’ of localised space must become disconnected or torn as it continuously rotates around a point in space. In many 

ways, this issue also highlights an apparent ambiguity in modern physics which denies the existent of the fabric of space 

in the form of an Aether, but continues to describe curvature, contraction and rotation of ‘space’, at least, within its 

relativistic description, while any equivalent description of quantum fields appears to remain mathematically abstracted 

from such physical inquiries. 
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1.4.7 The Plasma Model 
 

What is Plasma?  

Originally, the term 'plasma' was associated with the life-like and self-organising properties of a blood plasma. However, 

it is now also used to define a fourth state of matter. In this context, a plasma differs from the other states of matter, i.e. 

solids, liquids and gases, because atoms are separated into free-floating 'negative' electrons and 'positive' nuclei.  It is 

estimated that 99% of the known universe exists in a plasma state. As such, the plasma model argues that this state of 

matter has played, and continues to play, a fundamental role in cosmological process within the universe. 

 

The idea of a plasma cosmology model was 

initially championed by Nobel Laureate 

Hannes Alfén and influenced by the earlier 

work of Kristian Birkeland, who suggested 

that electrical currents from the Sun caused 

the Aurora Borealis. However, it was not until 

enormous Birkeland currents were detected 

by an artificial satellite, in 1974, and by the 

Voyager satellite between Jupiter and its 

moon Io, in 1979, that this model gained any 

significant support. Later, in 1984, Farhad 

Yusef-Zadah, Don Chance and Mark Morris 

found the first evidence for Birkeland 

currents on a cosmological scale. In many ways, the scope of the plasma model may depend on just how much speculation you 

are willing to entertain. In its restricted form, plasma astrophysics is an accepted line of research within the mainstream of 

physics, although some have extended speculation to create a much more expansive plasma model of the universe. It is 

generally accepted that the majority of ordinary matter in the universe exists in the form of plasma, i.e. the fourth state of 

matter, and that any plasma is a good conductor of electricity. However, there are aspects of interpretation that remain far 

more contentious, e.g. 

 

 Double Layers 

 Frozen-in magnetic fields 

 Birkeland currents 

 Open Magnetic Fields 

 Magnetic Reconnection 

 Z-Pinch 

 

While the Introduction to Terminology  will attempt to provide an initial outline of some of these issues, it is highlighted that 

when speculation is not restricted by the accepted cosmological model, the scope of plasma astrophysics can be expanded to 

become an alternative model. In this context, the dynamics of ionized plasmas play a far more important role in the physics of 

the universe at scales much larger than the solar system. 

 

So what is the status of plasma cosmology? 

http://www.mysearch.org.uk/website1/html/661.Terminology.html
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Hannes Alfvén 

I have never thought that you could 

obtain the extremely clumpy, 

heterogeneous universe we have today, 

strongly affected by plasma processes, 

from the smooth, homogeneous one of 

the Big Bang, dominated by gravitation. 

It is probably true that most cosmologists, astrophysicists and astronomers may reject some of the wider speculations 

associated with the plasma model, such that they remain convinced that gravitation alone, as described by general relativity, 

provides the major ‘force’ at work in the universe, both now and in the past. 

 

Plasma Properties 

The most familiar examples of a plasma may be recognised in the form of neon lights, although both fire and lightning 

are forms of plasma. The polar auroras are also plasma that emit light under the excitation of the Earth's electrical and 

magnetic fields. Plasmas are very good conductors due to the free flow of electrons. However, interaction with 

electromagnetic fields results in a structural complexity that far exceeds the other states of matter. As such, plasmas 

tend to form cellular and/or filamentary structures due to the fact that a flow of charged particles. i.e. a current, 

produces a magnetic field around itself, which then confines the plasma into filamentary strands. However, there is still 

much debate as to the scale of these effects within any cosmological model. 

 

So where did the idea of the plasma model originate? 

 

As indicated, many of the ideas are associated with the work of Hannes Alfvén, 

who was the 1970 Nobel laureate, whose plasma physics experiments in the 

laboratory suggested that such processes might be scaled to work within the 

universe at large. This position is often seen to run into trouble in connection 

with the definition of the Debye length, which is the scale over which mobile 

charge carriers, e.g. electrons, will screen out electric fields. As such, the Debye 

length is seen as a limiting factor to the scaling of plasma physics within the 

universe. While not really contradicting the Debye length on the very large scale, 

a plasma double layer  is a structure that consists of two parallel layers with opposite electrical charge. Charged ions and 

electrons which enter the double layer are accelerated, decelerated or reflected by the electric field and can be found in a wide 

variety of plasmas ranging from small-scale discharge tubes through to the Birkeland currents that support the auroras within 

the Earth’s magnetic field. As such, double layers are typically very thin with lengths ranging from a few millimetres for 

laboratory plasmas to thousands of kilometres within astrophysical space plasmas. 

 

So why did the controversy arise? 

 

Alfvén research also led him to the view that plasma physics played a far more important role in the universe than the standard 

cosmological gravitational model suggested. In fact, Alfvén asserted that electromagnetic forces might play a far more 

important role than gravity when acting on interplanetary and interstellar charged particles. In 1939, Alfvén  wrote a paper in 

support of the theory of Kristian Birkeland, who had suggested, as early as 1913, that solar winds generated currents in space 

that caused the aurora lights as seen at the Earth’s magnetic poles. This work was initially considered counter-intuitive to 

accepted theory because it was thought that currents could not cross the vacuum of space and therefore the currents had to be 

generated by the Earth. However, Birkeland's theory was proved to be correct after a probe was sent into space and these 

currents are now called ‘Birkeland currents’ in his honour. 

 

OK, but what other evidence supports the wider implications of plasma physics? 

 

http://www.mysearch.org.uk/website1/html/254.General.html
http://www.mysearch.org.uk/website1/html/663.Alfven.html
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Debye_Length:
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Double_Layers:
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Birkeland_Currents
http://www.mysearch.org.uk/website1/html/661.Terminology.html#The_Solar_Wind
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In part, this is what this section of discussions wants to try to find out. For at one level plasma astrophysics is now accepted as a 

mainstream field of research, although it rejects some of the wider speculative ideas supported under the banner of plasma 

cosmology. For example, plasma effects are now thought to explain why star's spin slows while it forms. Although the actual 

mechanism is not necessarily agreed, one proposal called magnetic braking is thought to remove angular momentum and, in so 

doing, allows the star to contract. However, controversy again arises when it comes to the accepted structural models of 

galactic formation, which mainstream thinking describes in terms of the gravitational interaction of mass within the system 

rather than its electro-dynamic interactions. In this context, the standard model assumes the existence of dark matter accounts 

for the observed galactic rotation curves, while plasma cosmologists argue that plasma effects can better explain the galactic 

rotation curves without the need for dark matter. Of course, as previously discussed, it would appear that other models may 

also make the same claim. Another of Alfvén's hypotheses was that Birkeland currents might be the cause for the filamentary 

structures seen throughout the universe, while galactic magnetic fields and associated currents might be a cause of the 

contraction of interstellar clouds required for star formation. However, again, this is in direct opposition to the standard view 

that magnetic fields can hinder collapse, based on the argument that that large-scale Birkeland currents have not been 

observed and the length scale for charge neutrality is predicted to be far smaller than the relevant cosmological scales. 

 

What is scope of the evidence against the plasma model? 

 

In 1993, theoretical cosmologist Jim Peebles criticized the Alfvén's model on the grounds that the model would not be 

consistent with the isotropy of the cosmic microwave background radiation. Pebble also went on to argue that Alfvén's model 

did not align with Hubble's law, the abundance of light elements or the existence of the cosmic microwave background.  

 

So why do plasma cosmologists persist in their view? 

 

In the 1950’s, experiments involving vaporising titanium wires using very large currents produced a plasma with a spiral 

structures, which then led to the suggestion that scaling the experiment to galactic dimensions might explain the rotation being 

observed. Later, in the 1980’s, computer simulations of colliding plasma clouds produced by Anthony Peratt also appeared to 

produce the spiral structure seen in galaxies. In addition, these simulations also seem to show the cross-section of two plasma 

filaments joining in a Z-pinch, but now the filaments were some 300,000 lightyears apart and carrying Birkeland currents of 

10
18

 amps. As such, it was suggested that the simulations might account for the jets of material that were then starting to be 

observed emerging from quasars and active galactic nuclei (AGN), without the need for super-massive black holes. When the 

simulations extended the timeframe, they then appeared to show the transition of double radio galaxies into radio-quasars and 

radio-quiet QSO's plus peculiar and Seyfert galaxies, which finally ended in the formation of spiral galaxies. As such, these 

simulations may, or may not, account for the flatten galactic rotation curves without the need for dark matter. Of course, it may 

also be realised why plasma cosmology would be rejected by the standard model without overwhelming empirical proof, even 

if this criteria is not necessarily, or consistently, applied to the standard model itself. 

 

So who is right? 

 

Well, based on the weight of opinion, probability favours the mainstream model. However, at this stage, the discussions being 

planned for this section is only intending to review some of the key arguments, both for and against, with an open mind in 

order to get an initial assessment of the issues. 

 

http://www.mysearch.org.uk/website1/html/639.Galactic.html
http://www.mysearch.org.uk/website1/html/639.Galactic.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/645.Rotation.html
http://www.mysearch.org.uk/website1/html/645.Rotation.html
http://www.mysearch.org.uk/website1/html/340.Hubble.html
http://www.mysearch.org.uk/website1/html/644.Background.html#Big-Bang_Nucleo-synthesis
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/664.Peratt.html
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Z-Pinch:
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Carl Sagan 

At the heart of science is an essential balance between two 

seemingly contradictory attitudes, an openness to new 

ideas, no matter how bizarre or counter-intuitive they may 

be, and the most ruthless sceptical scrutiny of all ideas, old 

and new. This is how deep truths are winnowed from deep 

nonsense. 

1.4.7.1 Challenging the Model 
 

As indicated in the opening introduction, the role of plasma 

physics can be encompassed within the standard cosmological 

model in as much as this model remains open to new ideas 

with the proviso that they do not contradict its most basic 

assumptions. In this respect, one of the key assumption of the 

standard model is that gravity remains the primary force that 

has shaped, and continues to shape, the universe. If this is the 

case, then it would seem that the standard model must 

continue to preclude many of the ideas that are now being 

considered under the banner of the plasma cosmology model. 

However, while this section will try to review some of the 

wider ideas with an open mind, it will again be highlighted 

that this website attempts to follow the principles with 

Clifford's 'Ethics of Belief' to carry out an honest ‘duty of 

inquiry’ although it has no ‘weight of authority’ to seriously 

judge all the technical arguments and observations associated 

with such models. This said, it might be appropriate to also 

highlight that there appears to be no real certainty in any of 

the ‘models’ reviewed to-date, only a suggestion of probability. 

Therefore, as a simplistic frame of reference, we might start by 

summarising some of the most basic assumptions of the 

standard model as follows: 

 

1. Our universe expanded from a quantum singularity some 13.7 billion years ago, although the physics of this 

singularity remains a matter of speculation.  

 

2. The mechanisms by which space is said to physically expand appears equally speculative, as a result, the size and 

scope of the universe is unknown.  

 

3. While the universe is assumed to be homogeneous and isotropic, the scope of this assumption has to be considered 

within either a finite or infinite spatial model.  

 

4. The current model is predicated on the existence of dark energy and dark matter, neither of which have been proved. 

 

While the bullets above might be seen as issues intended to further undermine the standard model, this is not the intent, 

although some perspective of the scope of problems still being research is not necessarily a 'bad thing'. As such, it is possible 

that these bullets only represent  the tip of the iceberg of the actual uncertainty within the standard model. Therefore, to 

counterpoint this somewhat negative inference, it is again highlighted that the standard model has collated a considerable body 

of observational evidence to underpin its position, which may be lacking in all alternative models. As such, the plasma 

cosmological model has to be seen as a highly speculative model based on only limited observational evidence at this stage. 

http://www.mysearch.org.uk/website1/html/655.Plasma.html
http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/627.Models.html
http://www.mysearch.org.uk/website1/html/355.Quantum.html
http://www.mysearch.org.uk/website1/html/397.Expansion.html
http://www.mysearch.org.uk/website1/html/495.Expansion.html
http://www.mysearch.org.uk/website1/html/398.Models.html
http://www.mysearch.org.uk/website1/html/510.Results.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
http://www.mysearch.org.uk/website1/html/383.Dark%20Matter.html
http://www.mysearch.org.uk/website1/html/625.Problems.html
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However, in some respects, the advocates of a plasma cosmology model may be more in tune with Clifford’s position regarding 

the ‘limits of inference’: 

 

We may believe in that which goes beyond our experience, only when it is inferred from our experience and by the 

assumption that, what we do not know, is like what we already know. 

 

For it would seem that this guideline cannot be applied to any of the 4 bullets used to summarise the standard model above. In 

contrast, the advocates of plasma cosmology argue that the evolution of the universe in the past must be explained by 

processes still at work in the universe today. In fact, the supporters of plasma cosmology appear to go even further by 

suggesting that processes taking place in the depths of space can be explained in terms of phenomena studied in the 

laboratories on Earth. If so, it would seem that the plasma cosmology model may be open to a degree of empirical verification, 

which might then add weight to its assumptions. However, there is a key implication within the plasma model that should 

possibly be highlighted: 

 

While the plasma cosmology model supports the idea of a universe that is constantly evolving in the sense that it is 

always changing, it assumes the universe has always existed and will continue to exist and evolve for eternity. 

 

In this context, the plasma model fundamentally challenges the timescales within the standard model; which are primarily 

linked to the effects of gravitation. In contrast, the plasma model attempts to explain the evolutionary change of the universe 

by  extending the description to include the effects of electricity and magnetism when associated with the 4
th

 state of matter, 

i.e. a plasma. 

 

A plasma is described as the fourth phase of matter, alongside solids, liquids and gases. As a basic description, a plasma 

is a hot state of matter in which electrons have been stripped from atoms to leave positively charged ions, which then 

dynamically interact with ‘free’ negative charged electrons. 

 

Within the extended plasma model, electromagnetic interactions are seen as the source of much of the ‘clumpiness’  now 

observed within the universe at large and may account for the fluctuations in microwave background radiation. Aspects of this 

extended model are then forwarded as an alternative explanation of the perceived expansion of the universe based on 

electromagnetic interactions with matter. Of course, in stark contrast, most cosmologists, who support the standard model, 

presumably accept that 96% of the current universe exists in the unobserved and unverified form of dark energy (73%) 

and dark matter (23%). However, because this percentage mix of dark energy, dark matter and normal matter is constantly 

changing in an expanding universe, the evolution of the observable universe becomes finite in time within the standard model. 

While we might again question who is more likely to be right, there may be more perspective in the following question: 

 

Who is likely to be less wrong? 

 

  

http://www.mysearch.org.uk/website1/html/675.Expansion.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
http://www.mysearch.org.uk/website1/html/383.Dark%20Matter.html
http://www.mysearch.org.uk/website1/html/506.LCDM.html
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Martin H. Fische  

You must learn to talk clearly. 

The jargon of scientific 

terminology which rolls off your 

tongues is mental garbage. 

1.4.7.2 Introduction to Terminology 
 

The preceding discussions have only attempted to introduce some of the basic issues that 

appear to divide the supporters of the plasma model from the standard model. Of course, 

the technical details on which these divisions are based are often very complex and 

beyond the scope of general discussion. However, it may be worth trying to summarise 

some of key areas of terminology before even attempting to review some of the 

fundamental arguments for and against the plasma cosmology model. 

 

What is a plasma? 

 

A plasma consists of a collection of free-moving electrons and positively charged ions, 

i.e. atoms, which have lost electrons that then expand the domain of electromagnetic 

forces beyond the atomic structure. While energy is needed to remove electrons from 

their normal atomic orbitals to create the plasma, this energy can be source from any 

number of processes, e.g. thermal, electrical or light. Given its unique attributes, a 

plasma is often described as the 4
th

 state of matter, as illustrated in the  diagram right.  

 

 

In the wider context of cosmology, a region of space may contain both neutral atoms and molecules, as well as both charged 

particles, such that they can be described as a space plasma in as much that there are electromagnetic process at work on a 

larger scale. 

 

How do electromagnetic plasma processes change the dynamics of matter? 

 

As indicated, it is generally assumed that matter, i.e. atoms and molecules, are charge neutral on most macroscopic scales, such 

that the electromagnetic forces, which are some 10
36

 times stronger than gravitational forces, are confined to the microscopic 

scale. Clearly, this is not the case within a plasma, where charged particles, e.g. electrons and  ions, can be accelerated by the 

existence of internal electromagnetic fields.  
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Erika Wright  

Scientists use language to give 

authority to their work, but if 

the words become jargon, they 

can end up alienating the 

audience instead of convincing 

them...This neatly sums up the 

scientists' dilemma when trying 

to explain their work to the non-

initiated. The first expression has 

scientific authority but may 

leave us none the wiser, while 

the second has absolutely no 

kudos, is far from gracious, but is 

crystal clear. 

Based on earlier discussions of Maxwell’s equations, we might also realised that any 

accelerated charged particles can be a source of EM radiation. One particular form of 

radiation of interest within the plasma model is known as ‘synchrotron radiation’, 

which is emitted when electrons spiral around magnetic field lines. 

 

 

 
 

 

The combination of charged particles and electromagnetic fields underpin the 

kinematics that plasma physics is seeking to quantify in terms of a cosmological model. So while all matter is subject to gravity, 

a plasma can be dominated by additional EM forces, which typically exist between negatively charged electrons and positively 

charged ions. So, given that the EM force is 10
36

 times stronger than gravity, plasmas can form structures that are much more 

dynamic and complex than those normally found in neutral solids, liquids or gases. However, because the electromagnetic force 

can also be repulsive, if two plasma streams are flowing in opposite directions, it is believed that space plasma streams may 

extend to millions of lightyears and influence the large-scale motion of galaxies. If so, we might begin to better understand the 

scope of speculation within this field of study, where the following descriptions should only be seen as an introductory 

reference to the some of the terminology to be used.  

 

Space Plasma:  

While the standard and plasma models may disagree on some aspects of the following description, it is believed that both now 

accept that plasmas permeates the solar system and that the cloud of particles, which constitutes the ‘solar wind’ can be 

described as a plasma. However, the plasma model extends this description in that it assumes most galaxies are essentially 

active plasma systems, which then leads to the assumption that 99% of the entire ‘mass’ of the universe must be in the form of 

a plasma. In this form, the charge components of atoms, i.e. positive protons and negative electrons become separated, such 

that electromagnetic forces within a space plasma cannot be ignored and may become more dominate than gravitational 

forces. However, the dynamics of a plasma can be a complex arrangement of free electrons plus negative and/or positive ions 

interacting in different ways based on the strength and polarity of the electromagnetic fields being created. The following 

terminology may only illustrate the scope of this complexity. 

 

Birkeland Currents: 

 Birkeland currents are often described in terms of the electric currents in the Earth’s ‘magnetosphere’, which follow the 

planet’s magnetic field lines. However, the concept can also be extended to describe any field-aligned electric current in a space 

plasma. In the Earth’s magnetosphere, the currents are driven by the ‘solar wind’ and interplanetary magnetic fields and by the 

bulk motion of a plasma through the magnetosphere.  

 

http://www.mysearch.org.uk/website1/html/467.Maxwell.html
http://www.mysearch.org.uk/website1/html/475.Radiation.html
http://www.mysearch.org.uk/website1/html/661.Terminology.html#The_Solar_Wind
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Magnetospheres:
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As might be expected, the strength of the Birkeland currents can 

change with the dynamics within in the magnetosphere, the 

complexity of which might be liken to some analogous ‘cosmic 

weather system’. Within such systems, the currents are sourced 

by the movement of a charged plasma moving perpendicular to a 

magnetic field and often described as existing within a filamentary 

structure like a twisted rope. Birkeland first proposed the idea of 

these currents after studying the Earth’s aurora, as early as 1903, 

although they were not really confirmed until 1973. Subsequently, 

larger-scale Birkeland currents have been shown to exist between 

Jupiter and its moon Io and possibly on a galactic scale using the 

Very Large Array radio telescope. These later discoveries appear 

to show an arc of radio emission approximately 120 light-years long made up of narrow filaments, typically 3 light-years wide, 

and running the full length of the arc. The strength of the associated magnetic field is 100 times greater than previously thought 

possible on such a large scale, but the field is nearly identical in geometry and strength to that predicted by computer 

simulations of galaxy formation. 

 

Plasma Current Modes:  

Plasma can operate in one of three different modes defined as a function of potential difference, i.e. voltage, and the current 

flow linked to the movement of charge through a given cross-sectional area. 
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 Dark Current Mode: 

The ionospheres of many planets can be described in terms of a plasma operating in the dark current mode. For 

example, the Earth’s ionosphere does not usually emit light as it effectively sheaths Earth in a cell of plasma, which 

separates it from the solar wind of interplanetary space. The strength of the electric current within this plasma is 

extremely low, such that the plasma does not normally glow, except within its auroras. However, its low energy still 

radiates, but at longer wavelengths in the radio spectrum rather than as visible light.  

 

 Normal Glow Mode:  

The strength of the electric current in the plasma is now significant, such that the plasma glows like a neon sign. The 

brightness of the glow depends on both the intensity of the current and the density of the plasma, although the 

colour depends on the gases present and subject to ionization. The Sun’s corona might also be cited as an example of 

a plasma in the glow mode, which we usually only see during solar eclipses. 

 

 Arc Mode:  

The strength of the electric current in the plasma is  now very high. The plasma radiates brilliantly over a wide 

spectrum, including ultraviolet light and radio frequencies. In this mode, the electric current tend to form twisting 

filaments, which might be observed in the operation of electric welding machines or more naturally in the form of 

lightning storms and the Sun’s solar flares. 

 

So, as a general rule, the stronger the electric current, the brighter the plasma, such that a space plasma may not be visible 

unless it is carrying a significant electric current, the existence of which is then open to debate within the standard and plasma 

models. 

 

Z-Pinch:  

As suggested, a plasma can exist in the form of a swirling stream of electrons and ions flowing in filaments, which tend to 

corkscrew or spiral. In this form, they can also generate a ‘pinch’ effect due to the magnetic fields they generate around 

themselves. As a generalisation, these filaments tend to repel each other at close range, but attract each other at greater 

distances. However, when in close proximity, they may also spiral around one another and, when this happens, there is also a 

tendency for the filaments to compress anything caught up in the plasma and it is this effect that is referred to as the ‘Z-pinch’. 

 

Doubleness:  

The tendency for multiple filaments to interact in pairs is an attribute of electromagnetic forces, which is sometimes referred to 

as 'doubleness'. This characteristic can be linked to Ampére's Force Law, where the magnetic force exists between 2 stream of 

length [s], with associated currents [I1] and [I2], separated by a distance [r]. It is again highlighted that currents in the same 

direction attract, while currents in the opposite direction repel, where the magnetic field now becomes an inverse function of 

the distance [r] between the streams.  

 

Double Layers:  

The formation of a double layers can occur as ‘hotter’ electrons move into a region of cooler plasma, as per diagram (1) below, 

which then causes a charge imbalance, which results in a double layer that is able to accelerate electrons across it, as per 

diagram (2). 

http://www.mysearch.org.uk/website1/html/631.Charge.html
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As such, a double layer is a structure within a plasma that is defined by two layers with opposite electrical charge. These layers 

of charge can give rise to a strong electric field and a correspondingly sharp change in electrical potential, i.e. voltage, as shown 

in diagram (2). Ions and electrons which enter the double layer are accelerated, decelerated or even reflected by the electric 

field. Double layers are found in a wide variety of plasmas, from discharge tubes to space plasmas to the Birkeland currents of 

the Earth's aurora. Compared to the size of the plasmas, double layers are very thin, which we might initially qualify in units of 

Debye lengths, with widths ranging from a few millimetres for laboratory plasmas to thousands of kilometres for astrophysical 

plasmas. The scope of double layers seem to be an issue of some controversy within the plasma model, based on an implied 

length restriction defined by the Debye length. Within the plasma model, double layers become one of the most important 

properties of an electrical plasma in that it defines an ability to form electrically isolated cells. Hannes Alfvén first suggested 

that billions of volts may exist across a double layer solar flare, which is in stark contrast to mainstream  astrophysicists who 

reject the idea of large scale electric potential in space, because plasma are such good conductors. In this respect, the standard 

model prefers  a number of other mechanisms known as 'magnetic reconnection' to 'frozen-in magnetic field lines' that are 

thought to explain observations. 

 

Debye Length: 

In plasmas, the Debye length is the scale over which mobile charge carriers, e.g. electrons, can screen out electric fields. The 

Debye length is defined as the distance over which significant charge separation can occur and a Debye sphere is the volume 

whose radius is the Debye length, which in a plasma is quantified through the following equation: 

 

[1]       

 

Where [λD] is the Debye length, [ε0] is the permittivity of free space, [k] is Boltzmann's constant, [qe] is the charge on an 

electron, [Te] and [Ti] are the electron and ion temperatures, [ne] is the density of electrons, [nij] is the density of atomic species 

[i] with positive ionic charge [jqe]. For the purposes of this introduction, we can simply state that the idea of electron and ion 

temperature relates to their velocity, which in-turn defines their kinetic energy. However, the electron temperature of a plasma 

is typically several orders of magnitude higher than the temperature of the neutral species of ions. This results from the fact 

that many plasma sources heat the electrons more strongly than the ions and because ions are much heavier than electrons. 

On this basis, the initial complexity of [1] can be reduced by removing the ion term in the denominator as follows: 

 

http://www.mysearch.org.uk/website1/html/661.Terminology.html#Magnetic_Reconnection
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[2]       

 

In [2], we can reduce the value of all the constants to a single value, i.e. ~69, such that we can see that the Debye length 

appears to primarily be a function of the electron temperature and density. If so, we might see why hot-sparse space plasma 

might have very long Debye lengths. However, we might round the result in [2], as shown below, for the purpose of simplifying 

the figures in the following table: 

 

Plasma n e T e DL 

Solar core 10
32

 10
7
 10

−11
 

Gas discharge 10
16

 10
4
 10

−4
 

Ionosphere 10
12

 10
3
 10

−3
 

Magnetosphere 10
7
 10

7
 10

2
 

Solar wind 10
6
 10

5
 10 

Interstellar 10
5
 10

4
 10 

Intergalactic 1 10
6
 10

5
 

 

The impression given by the table above is that the Debye length may limit the scope of any plasma model to relatively small 

scales. However, based on only an initial review, it is not clear whether the Debye length is really an absolute upper limit when 

considered against all potential structural forms, e.g. double layers. 

 

Frozen-in Magnetic Fields:  

It is possibly worth trying to start with a very basic description in which field lines are simply introduced as a concept that helps 

characterise the ‘direction and strength’ of E-M fields in three dimensions. However, the idea of any type of electromagnetic 

field line is only a conceptual aid like a contour lines on a map and, as such, they do not exist in reality as these field exist as a 3-

dimensional continuum of vector values, i.e. magnitude and direction. So, for example, a compass needle will always try to 

point along a field line, when the conceptual field lines are spaced closer together, they represent a stronger magnetic force 

and, by the same argument, weaker forces are represented by fields lines spaced further apart. In space, charged particles can 

also be said to follow magnetic field lines in as much as they spiral around them, while moving parallel to them. As a result of 

this motion of charged particles, a space plasma is often described as being defined in terms of its magnetic field lines, which 

are assumed to be ‘frozen-in’ the plasmas in as much that these lines move with the plasma. However, the description of 

‘frozen-in’ magnetic fields is still a matter of debate, which was first proposed by Hannes Alfven, but later rejected by him. The 

basic argument for this idea appears to be linked to Maxwell's equations and the assumption that if the plasma was a ‘perfect’ 

conductor, it  would not be able to support an electric field, i.e. an internal voltage difference. If so, then any magnetic fields 

inside the plasma must be essentially 'frozen' within the plasma. However, the counter-argument is that while plasmas are 

excellent conductors, they are ‘not perfect’ and therefore weak electric fields can exist inside them, such that the magnetic 

http://www.mysearch.org.uk/website1/html/466.Fields.html
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fields cannot be ‘frozen’. The details of this argument can be reviewed in a paper, entitled  Real Properties of Electromagnetic 

Fields and Plasma in the Cosmos, by Donald Scott, who work in the field of plasma cosmology will be outlined in a later section. 

 

Magnetic Reconnection:  

Within the standard model, magnetic reconnection is described as a process in which the magnetic fields within highly 

conducting plasmas effectively rearrange or ‘reconnect’. Within this process, magnetic energy is then converted to both kinetic 

and thermal energy, which is said to explain the observed energy release in the Sun’s solar flares and the Earth’s aurora. 

However, within the plasma model, it is argued that this description is based on the incorrect assumption that no electric 

current flows in space plasma, while the observed phenomena corresponds to an ‘exploding’ double-layer and its subsequent 

electric discharge. Again, the interested reader is urged to read Donald Scott’s paper cited above to understand the more 

detailed arguments being raised against the concept of magnetic reconnection. 

 

Magnetospheres:  

A magnetosphere is the area of space, typically surrounding an astronomical object like the Sun or the Earth, in which charged 

particles are controlled by the object's magnetic field. While the magnetic field lines resemble those of an ideal magnetic 

dipole, the field lines can be significantly distorted by external currents, such as the solar wind, as the field size increases. In a 

wider context, the activity in the region, now called the magnetosphere, was one of the surprise discoveries of the space age, 

where observations contradicted theory. Subsequently, the scale of the magnetospheres of other planets has also raised eye-

brows, although the description does appear to be consistent with the assertions of the plasma model. 

 

The Solar Wind:  

As a general starting point,  the solar wind might be 

described as a stream of charged particles released from 

the upper atmosphere of the Sun, which primarily consists 

of electrons and protons. This stream of charged particles 

varies in temperature and speed over time, which are 

normally assumed to escape the Sun's gravity due to their 

high kinetic energy associated with high temperature 

processes taking place within the Sun’s corona, i.e. the 

Sun’s ‘atmosphere’. However, beyond the corona, the 

plasma model assumes the existence of an invisible 

plasmasphere, which extends to the most outer reaches of 

the solar system and where the plasmasphere carries 

streams of ions and electrons, which is commonly 

described as the ‘solar wind.’ The plasma model also 

claims that there is no rational explanation for the 

existence of the solar wind within the standard model, as 

heat and light would simply have to radiate away from the 

photosphere. In contrast, the plasma model argues that there are processes, other than simple radiation, which help to explain 

why a minimum temperature occurs above the photosphere, while more distant region of the Sun’s corona are millions of 

degrees hotter than the surface of the Sun itself. It is generally assumed by the standard model that the sun emits equal 

quantities of ions and electrons, such that the solar wind becomes electrically neutral overall. Again, in stark contrast, the 

http://www.mysearch.org.uk/website1/pdf/661.1.pdf
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plasma model argues that the solar wind describes a bipolar electric current in plasmas that reacts with magnetic field lines, 

which extend throughout the solar system. Within this description, the net flow within the plasma solar wind interact with the 

magnetic field, such that a dynamo effect is created, i.e. if sections of the plasma are moving through a magnetic field, while 

other parts are not, an electric current will flow. 

 

Plasma Models:  

One of the most basic assumptions of the plasma model rest on the argument that plasma phenomena are essentially scalable, 

because the physics remains independent of the size of the plasma. Whether this assumption is totally true, when extrapolated 

to the scale of a cosmology model  might be questioned, but as previous suggested, it may be more in- tune with Clifford’s 

position regarding the ‘limits of inference’ : 

 

We may believe in that which goes beyond our experience, only when it is inferred from our experience and by the 

assumption that, what we do not know, is like what we already know. 

 

While the supporters of the plasma model accept that processes will be subject to much smaller durations, when examined in 

laboratories on Earth, similar processes on a galactic scale are still assumed to obey the same basic laws of physics. As such, it is 

assumed that models of cosmic-scale plasma behaviour can be constructed in the laboratory, which would reflect  the effects 

observed in space plasmas. In fact, supporters of the plasma model claim to have demonstrated that plasma phenomena can 

be scaled to fourteen orders of magnitude, while Alfven hypothesised that they could be scaled to 28 orders or more. 

Supporter also claim that electric currents flowing in plasmas produce most of the observed astronomical phenomena, which 

remain unexplained, when only gravitational forces are assumed to be at work. On the basis of these claims, Anthony Perratt, a 

graduate student of Hannes Alfven used a super-computer to produce large-scale plasma simulations that appear to show 

similarities with observed ‘galactic formations’. Clearly, the debate between supporters of the standard model and supporters 

of the plasma model will continue until some form of empirical verification can anchor speculation on more than mathematical 

models, as was possibly being suggested by Alfven in the following quote: 

 

From the point of view of the traditional theoretical physicist, a plasma looks immensely complicated. We may express 

this by saying that when, by an immense number of vectors and tensors and integral equations, theoreticians have 

prescribed what a plasma must do, the plasma, like a naughty child, refuses to obey. The reason is either that the 

plasma is so silly that it does not understand the sophisticated mathematics, or it is that the plasma is so clever that it 

finds other ways of behaving, ways which the theoreticians were not clever enough to anticipate. 

 

 

1.4.7.3 Plasma Cosmology 
 

Of course, the previous ‘Introduction of Terminology’ has only given a flavour of the breadth and depth of plasma physics now 

being discussed in the context of a revised cosmic model. Clearly the acquisition of knowledge in this field did not appear over 

night; therefore this section of discussions will attempt to summarise some of the research and development that has come to 

underpin plasma physics and the arguments, which are thought to challenge the standard model. However, in practise, these 

discussions will only represent a very sparsely populated timeline of all the actual developments that now underpin plasma 

physics as a broad field of science. 

http://www.mysearch.org.uk/website1/html/664.Peratt.html
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Wilfred H. Sorrell 

"One school of thought known as plasma 

cosmology might fit well into the static cosmology 

paradigm. The plasma cosmologists argue that the 

Big-Bang never happened; and that the universe 

always existed in such a way that it is always 

changing and evolving without beginning or end. 

The plasma cosmologists base their ideas on 

empirical science of terrestrial laboratory plasmas. 

The universe is filled with plasma as a hot ionized 

gas shaped by electricity and magnetism as much 

as by Newton’s gravitation." 

So, within the constraints of a brief historical overview, we 

might start with Benjamin Franklin (1706-1790), who is now 

considered to be one of the founding fathers of the United 

States. However, in today’s world, Franklin might also be 

described as a polymath in that he was also an author, printer, 

political theorist, politician, postmaster, scientist, musician, 

inventor, satirist, civic activist, statesman, and diplomat. 

However, as a scientist, he is often remembered in respect to 

his experiments in connection to electricity and a particularly 

dangerous kite experiment in which Franklin launched a kite 

with a key attached into an electrical storm. At that time, few 

actually understood how the experiment worked and how the 

electrical effect of lightning might be transferred to another 

object via what we now call ‘electricity’. However,  there is another aspect of Franklin’s experiment that was not widely 

understood until the 20
th

 century and the development of plasma physics, but which was possibly captured in Franklin’s 

exclamation after the lighting struck the kite and nearly killed him: 

 

’the sky is electric’ 

 

Note: It would take the experimental work of much of the 20th century to realise that much of what happens in the ‘sky’, 

i.e. Earth’s atmosphere, is a result of plasma physics that extends outwards into space and connects to the Sun via the 

‘solar winds’. 

 

Within the historical timeline following Newton’s death in 1727, the 

work of Coulomb, Ampere, Gauss and Faraday had laid the 

foundations of classical electrodynamics that would ultimately be 

encapsulated in Maxwell’s equations, first published in 1864, and 

later rationalised by Heaviside in 1884. So, by the start of the 

20
th

 century, the foundation of modern electromagnetism had been 

established, which led others to start questioning the nature of 

the ‘electric sky’. Possibly one of the first pioneers in this field was 

Kristian Birkeland (1867-1917), who try to explain the nature of the 

Aurora borealis, i.e. the northern lights. On a historical side-note, 

Birkeland was nominated for the Nobel Prize seven times, but never 

won. However, Birkeland’s name is still remembered and linked to 

the idea of a ‘Birkeland current’  normally associated with the electric 

currents in the planet's ionosphere, which follow magnetic field lines and subsequently used to described any field-aligned 

electric current in a space plasma, although this latter point is running ahead of the current timeline. Originally, Birkeland 

forwarded the idea of this electric current as an explanation the aurora, which he believed was caused by the interaction of the 

upper atmosphere, i.e. a plasma, and an electric current emanating from the Sun, i.e. the  solar wind, within the 

Earth's magnetosphere. While Birkeland predicted the existence of these currents as early as 1903, strong scepticism about his 

explanation would continue right up until the space age, when an early space probe provided initial evidence of their existence.   

http://www.mysearch.org.uk/website1/html/461.Electricity.html
http://www.mysearch.org.uk/website1/html/467.Maxwell.html
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Birkeland_Currents
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Misconceptions 

While conventional astronomy maps magnetism, 

electric currents are excluded on the basis that 

they are of no significance in space. Working from 

this belief, astrophysicists have a tendency to talk 

in euphemisms, 'electron rain' and 'clouds of 

ionized gas' are just two examples. From a 

conservative perspective these terms might seem 

easier to grasp than the behaviour of more 

ethereal plasma, but they are, nonetheless, 

obfuscations. In reality we are talking about 

electrodynamic phenomena. 

In many ways, advocates of today’s plasma model see the 60 year 

delay in accepting the reach of plasma physics into space as a major 

factor as to why  Einstein’s theory of gravity came to dominate 

cosmology. However, the field of plasma physics is often thought to 

have really started with Irving Langmuir (1881-1957) who was both a 

chemist and physicist. While Langmuir initially graduated in 1903 as a 

metallurgical engineer, he subsequently studied physical chemistry, 

earning his master’s and doctorate degrees in 1906. By 1909, 

Langmuir began working with electrical discharges in low-pressure 

gases, which led to his discovery of the double layer (DL) effect in 

plasmas. He also helped further develop the knowledge Birkeland had 

initiated and would coin the term ‘plasma’ to describe the almost 

lifelike, self-organizing, self-sustaining behaviour of these ionized 

gases in the presence of electric currents and magnetic fields. Langmuir also introduced the concept of electron temperature 

and invented the diagnostic method for measuring both temperature and density with an electrostatic probe (1924), which is 

still called a Langmuir probe. While Langmuir is now well remembered for his pioneering work in the field of plasma physics, his 

most noted publication was possibly an article entitled ‘The Arrangement of Electrons in Atoms and Molecules’  that, in 

conjunction with other work in this field, led to him being awarded the 1932 Nobel Prize in chemistry. The next step in the 

timeline of plasma physics development will be outlined in terms of the 'work of Hannes Alven' in the next discussion. 

 

1.4.7.3.1 The Work of Hannes Alfven 
 

It is probably true to say that many of the ideas within the plasma model can be traced 

back to the work of  Hannes Alfvén (1908–1995). Therefore, some  general historical 

perspective of Alfvén’s work seems appropriate and we might start by simply stating that 

he was an acknowledged scientist of the 20th century and winner of the 1970 Nobel Prize 

in Physics. History also suggests that Alfvén was considered to be both a creative and 

intuitive intellect by many, while still being labelled a ‘heretic’ by some supporters of the 

standard model. However, despite this divide in opinion, few would deny the 

contributions Alfvén made to physics, which even today are still finding application in the 

development of particle beam accelerators, controlled thermonuclear fusion, hypersonic 

flight and rocket propulsion. Other applications of his research in the field of astrophysics 

include an explanations of the Van Allen radiation belt, the reduction of the Earth's 

magnetic field during magnetic storms, the study of the magnetosphere, the formation of 

comet tails, the formation of the solar system, the dynamics of plasmas in our galaxy and 

his ideas concerning the fundamental nature of the universe itself. In this wider context, Alfvén was the first to predict, as early 

as 1963, the large scale filamentary structure of the universe, which was only later verified in 1991. As such, Alfvén played a 

central role in the development of several fields of physics, i.e. plasma physics, charged particle beam physics and 

interplanetary physics. Alfvén is also often called the father of the branch of plasma physics known as magneto-hydrodynamics. 

 

But does this really tell us anything about the validity of plasma cosmology? 
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Hannes Alfven   

I have always believed that 

astrophysics should be the 

extrapolation of laboratory physics, 

that we must begin from the present 

universe and work our way backward 

to progressively more remote and 

uncertain epochs. 

Alex Dessler  

"When I entered the field of space 

physics in 1956, I recall that I fell in 

with the crowd believing, for 

example, that electric fields could not 

exist in the highly conducting plasma 

of space. It was three years later that 

I was shamed by S. Chandrasekhar 

into investigating Alfvén's work 

objectively. My degree of shock and 

surprise in finding Alfvén right and his 

critics wrong can hardly be described. 

I learned that a cosmic ray 

acceleration mechanism basically 

identical to the famous mechanism 

suggested by Fermi in 1949 had been 

put forth by Alfvén." 

Well, it is reasonable to reflect on the fact that much of Alfvén’s pioneering work 

now dates back some 50 years. As such, it is possible that new and more detailed 

information might obsolete some of Alfvén’s original ideas. We should also take 

into account that history suggests that even the most famous minds of science have 

ultimately been proved very wrong in some of their most fundamental ideas. 

However, this said, it is clear that Alfvén was a significant intellect of his 

generation, whose ideas are still being researched and, in many cases, being 

promoted by a new generation of scientists. For example, Alfvén's ideas relating to 

galactic magnetic field is still considered to be the basis of a growing area of 

research in astrophysics, i.e. cosmic magnetism. Alfvén work also forwarded the idea that astronomical sources of radiation 

could be linked to a mechanism known as synchrotron radiation, which is produced by fast-moving electrons in the presence of 

magnetic fields. However, in retrospect, it would seem that many of Alfvén's ideas have only found wider acceptance long after 

their initial publication. By way of another example,  Alfvén's ideas about our solar system were disputed for over 30 years, but 

were finally vindicated, in the 1980's, based on more detailed measurements of magnetospheres by artificial satellites and 

space probes. As such, Alfvén's supporters might argue that his ideas have already changed the way that mainstream science 

has come to view the universe, even though mainstream science journals of his day rejected  many his papers on the grounds 

that he operated outside accepted science, as defined by the peer-review system of the day. 

 

But do these ideas really form the basis of an alternative cosmological model? 

 

In many respect, the divide between the standard model and the plasma model 

comes down to the importance and scope of plasmas within the universe at large. 

In the standard model, the importance of gravitation at the largest scales of the 

universe is highlighted in the form of black holes, dark matter and dark energy, 

which is basically underpinned by general relativity. In contrast, the plasma model 

put far more emphasis of the fourth state of matter, i.e. plasmas, which they argue 

makes up over 99% of the observed universe, i.e. in the absence of  any verified 

existence of dark matter and dark energy. In this context, much of Alfvén’s work 

would pioneer the study of plasma physics as a highly conductive and elementary 

form of matter characterized by the dynamics of moving charged particles within 

electromagnetic fields. Today, most astrophysicists will be quick to point out that 

the role of plasma and electromagnetic fields is taken into account and the main 

argument with the plasma model is simply on the scope of Alfvén’s ideas on the 

largest scale of the universe. For it is argued that at the largest scale of the 

universe, the homogeneous and isotopic model is essentially charge neutral  such 

that gravitational forces dominant. The counter-argument forwarded by the 

supporters of the plasma model suggest that vast, but invisible electric currents play a far more fundamental role in organizing 

the cosmic structure, from galaxies and galactic clusters right down to stars and their planetary systems. The supporter of the 

plasma model also cite the fact that the electromagnetic force between charged particles is some 36 orders of magnitude 

greater than the gravitational force, such that a small hand-held magnet can over-power the entire gravitational force of the 

Earth, when attracting a ball-bearing. 
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Hannes Alfven   

I have no trouble publishing in Soviet 

astrophysical journals, but my work is 

unacceptable to the American 

astrophysical journals. 

Hannes Alfven   

Scientists tend to resist 

interdisciplinary inquiries into their 

own territory. In many instances, 

such parochialism is founded on the 

fear that intrusion from other 

disciplines would compete unfairly 

for limited financial resources and 

thus diminish their own opportunity 

for research. 

OK, but what are the actual pros and cons of these competing models? 

 

While the ‘devil’ always appears to shrouded in the ‘detail’ of scientific 

complexity, we might start by trying to outline an issue within a field of research 

now known as magneto-hydrodynamics (MHD). Again, from a historical 

perspective, much of Alfvén’s work was connected with magnetic fields, which 

would  come to lay the foundations of MHD theory. While this is the field for 

which Alfvén would win the 1970 Nobel Prize, there is a very unusual footnote to 

this story in that Alfvén use the opportunity of his acceptance speech to highlight 

his own error of interpretation linked to an issue labelled as ‘frozen-in magnetic 

fields’. Within Alfvén’s original MHD theory, he described magnetic fields as 

being ‘frozen’ within a neutral plasma, such that the MHD equations could 

effectively ignore the electric currents that created the magnetic fields. As a 

consequence, it was originally thought that any plasma activity associated with a 

star, e.g. the Sun, or within larger regions space could be analyzed without direct 

reference to any associated electric currents. As such, astrophysicists initially 

assumed that the ‘vacuum’ of space could not support the idea of an electric 

current extending over any sizeable region of space. However, it was later 

discovered that much of space appears to be defined in terms of electrically active 

plasmas, such that astrophysicists were led to the initial interpretation of Alfvén’s frozen-in magnetic fields, as defined by his 

original MHD equations. As such, electric currents had to be considered as localized, and essentially temporary, phenomena 

that only existed long enough to create a magnetic field within the plasma, but which subsequently became near perfect 

conductor, i.e. zero current. Within this framework, large regions of space could have been magnetized during the evolution of 

early universe, while still remaining generally consistent with gravitational dynamics of general relativity. As such, the large 

scale evolution of the universe could still be described in terms of isolated islands of matter, e.g. galaxies, dominated by 

gravitational forces, while electromagnetic forces remained localised within much smaller regions of space. As far as it is 

understood, this is still the general position of the standard model, which might be summarised in the words of the physicist 

Eugene Parker 

 

“No significant electric field can arise in the frame of reference of the moving plasma.” 

 

However, as implied in the footnote to Alfvén’s Nobel acceptance speech, the idea of frozen-in magnetic fields was to be 

quickly rejected by the founder of MHD theory as a mistake. Based on further consideration, Alfvén came to argue that 

magnetic fields were only part of the story and that the electric currents, which are required to create the magnetic fields, 

cannot be ignored and therefore any attempts to model space plasma in the absence of electric currents would be proceeding 

on a false assumption. 

 

Why did Alfvén’s change his mind? 

 

Some have suggested that Alfvén came to realise that the original mistake lay in the desire to try to justify MHD based on a 

purely mathematical model. Only later did he come to the conclusion that ‘real plasmas’  were too ‘complicated and 
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Anthony Perratt  

While at the Los Alamos 

Laboratories, he used particle-in-

cell computer simulations to 

demonstrate the evolution of 

galactic structures under the 

influence of electric currents. 

Peratt’s work has influence the 

current view of a plasma universe, 

which can be reviewed at this 

website. 

awkward’ to be fully described within the necessary simplification of any practical mathematical model. In this respect, Alfvén 

position might be summarised in the paraphrasing of a later quote: 

 

“… the underlying assumptions of cosmologists today are developed with the most sophisticated mathematical methods 

and it is only the plasma itself which does not ‘understand’ how beautiful the theories are and absolutely refuses to obey 

them.” 

 

So, within the plasma model, electric currents are required to create and sustain magnetic fields. Therefore, in order to 

understand the phenomena in a given region of space, defined by a plasma, it is necessary to map not only the magnetic field, 

but also the electric field and associated electric currents. As such, the plasma model argues that space is filled with a network 

of currents that transfer energy and momentum over large regions of space, where the currents often pinch to filamentary or 

surface currents. In part, this argument is said to explain why interstellar and 

intergalactic space takes on a cellular structure. 

 

1.4.7.3.2 The Work of Anthony Peratt 
 

Anthony Peratt is a physicist whose work of primary interest to this discussion is in 

the field of plasma physics. He received a Ph.D in electrical engineering and plasma 

physics in 1971 and went onto work at the Lawrence Livermore National Laboratory 

(1972-1979) and held the position of a Guest Physicist at the Max Planck Institute 

for Physics and Astrophysics (1975-1977). He worked at the Lawrence Livermore 

National Laboratory (1972-1979) and since 1981 he has worked for the Los Alamos 

National Laboratory, while also holding a number of other positions, i.e. 

 

 Guest Scientist at the Alfvén Laboratory in Stockholm (1985) 

 N-Tunnel Diagnostics Program team leader for Los Alamos (1991-1993) 

 Scientific advisor to the US States Department of Energy (1995-1999) 

 Currently researching the evidence for major space plasma events 

 

At face value, the span of Anthony Peratt’s career and work suggests that he has to 

be taken as a ‘serious’ scientist, although the major focus of this discussion is his 

more speculative work related to galactic formations. In the early 1980’s, Anthony 

Peratt used the supercomputer facilities at the Maxwell Laboratories and later at Los 

Alamos National Laboratory to simulate Hannes Alfvén’s concept of galaxies being 

formed by primordial clouds of plasma spinning in a magnetic filament. Galaxy 

formation was modelled as two adjacent interacting Birkeland filaments, which produced the required  flat rotation curve  

without the need for dark matter. The simulation, as shown below, begins with two spherical clouds of plasma trapped in 

parallel magnetic filaments, each carrying a current of around 10
18

 amperes. The clouds spin around each other until a spiral 

shape emerges from which Peratt concluded that the shapes seen appeared to characterise galaxy formation that 

corresponded to Halton Arp's ideas that galaxies formed out of quasars ejected from AGN. Peratt went on to note that when 

scaled to cosmic dimensions the simulations show: 

 

http://www.plasmauniverse.info/
http://www.mysearch.org.uk/website1/html/639.Galactic.html
http://www.mysearch.org.uk/website1/html/645.Rotation.html
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 A burst of synchrotron radiation of luminosity ~10
37

 W lasting 10
7
-10

8
 years.  

 

 The topology of double radio galaxies and quasars  

 The formation of elliptical galaxies due to plasma trapped and compressed 

within  elliptical magnetic boundaries  

 

 A spatially varying power law along the major axis of double radio galaxies in 

agreement with observations;  

 

 A super-luminosity and fading of jets as the betatron-induced acceleration 

field sweeps over and ignites previously confined plasma. 

 

The lifetime and evolution of quasars and double radio was further addressed by 

continuing the simulation to some 5*10
9
 years, which it was argued shown the 

following results: 

 

 The transition of double radio galaxies to radio-quasars to radio-quiet QSO's 

to peculiar and Seyfert galaxies, finally ending in spiral galaxies.  

 

 Barred and normal spiral galaxies resulting from the inflow of plasma from 

the outer Birkeland currents onto the elliptical galactic centre. 

 

 The characteristic rotational velocities of spiral galaxies including the fine-detail vortex cotangent structure on the flat 

portions of the spiral-arm velocity components. 

 

 The horseshoe-like regions of near neutral Hi gas in spiral galaxies resulting from the convection and neutralization of 

plasma into regions of strong galactic magnetic fields. 

 

 Galactic magnetic field components with field strengths reaching 2*10
-4

G at the galactic centre and as high as 10
-2

G in 

concentrated regions. 

 

However, the possibly most significant aspect of this simulation work is the fact that the  results were posted prior to any 

observations within actual galaxies. This said, it appears difficult to find a balanced review of this Peratt’s work because the 

reviews are either polarised supporters or detractors of the model with very little middle ground. A flavour of the ‘for and 

against’ arguments will be interleaved into the following discussions in order to, at least, try to represent some balance to both 

sides of the debate. 

 

Publications 

Peratt has been influential in the field of plasma cosmology having written a book on the subject. He has also been the 

guest editor for the space plasma editions of the IEEE journal and written many papers on the subject. In this context, he 

has outlined some of the mathematical laws that govern the behaviour of plasmas and provided some of the arguments 

why electrical effects cannot be ignored in any modern study of the cosmos. 
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Eric Lerner 

As history abundantly shows, 

people's views of the universe are 

bound up with their views of 

themselves and of their society, this 

debate has implications far beyond 

the realm of science, for the core of 

the cosmological debate is a question 

of how truth is known. 

Eric Lerner 

The only test of scientific truth is how 

well a theory corresponds to the 

world we observe. Does it predict 

things that we can then see? Or do 

our observations of nature show 

things that a theory says are 

impossible? No matter how well liked 

a theory may be, if observation 

contradicts it, then it must be 

rejected. For science to be useful, it 

must provide an increasingly true and 

deep description of nature, not a 

prescription of what nature must be. 

1.4.7.3.3 The Work of Eric Lerner 
 

Eric J. Lerner was born in 1947 and went on to received a BA in physics from 

Columbia University. Although Lerner started as a graduate student at the 

University of Maryland, he apparently left due to his dissatisfaction with the 

mathematical rather than experimental approach there. Having terminated his 

academic career he started to pursue a career in popular science writing. Lerner 

became an active general science writer and estimates that he has published about 

600 articles. In the process, he received a number of journalism awards between 

1984 and 1993 from the Aviation Space Writers Association. However, by 1984, at 

the age of 36, he had begun to study plasma phenomena and fusion devices, 

performing experimental work on a machine called a dense plasma focus (DPF). In 

1994, Lerner received funding from NASA's Jet Propulsion Laboratory to explore 

whether the dense plasma focus could be an effective ion thruster to propel 

spacecraft. In 2008, Lerner received funding for continued research to test the 

scientific feasibility of Focus Fusion. In 2012, it was announced that a device had 

achieved a temperatures of 1.8 billion degrees, beating the previous record of 1.1 

billion set in 1978. In 1991, Lerner published a book and starting a website called 

‘The Big Bang Never Happened’ that was, and still is, considered very controversial 

in that it rejects mainstream Big Bang cosmology in favour of a plasma cosmology, 

as originally proposed by Hannes Alfvén in the 1960s. As this is the primarily focus 

of this discussion, the salient arguments be briefly outlined, first in terms of the 

evidence cited against the Big Bang. 

 

 Light element abundances predict contradictory densities 

The Big bang theory predicts the density of ordinary matter in the universe from the abundance of light elements. Yet the 

density predictions made on the basis of the abundance of deuterium, lithium-7 and helium-4 are in contradiction with 

each other, and these predictions have grown worse with each new observation. The chance that the theory is right is now 

less than one in one hundred trillion.  

 

 Large-scale voids are too old  

The Big bang theory predicts that no object in the universe can be older than 

the Big Bang. Yet the large-scale voids observed in the distortion of galaxies 

cannot have been formed in the time since the Big Bang, without resulting in 

velocities of present-day galaxies far in excess of those observed. Given the 

observed velocities, these voids must have taken at least 70 billion years to 

form, five times as long as the theorized time since the Big Bang.  

 

 Surface brightness is constant  

One of the striking predictions of the Big Bang theory is that ordinary geometry 

does not work at great distances. For example, the space surrounding the 

Earth within the solar system and the galaxy might be described as non-

http://bigbangneverhappened.org/
http://www.mysearch.org.uk/website1/html/644.Background.html#Big-Bang_Nucleo-synthesis
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expanding space, such that as more distant objects get farther away, they get effectively get smaller. Since distance 

correlates with redshift, the product of angular size and redshift is constant. Similarly the surface brightness of objects, 

brightness per unit area on the sky, measured as photons per second, is a constant with increasing distance for similar 

objects. In contrast, the Big Bang expanding universe predicts that surface brightness decreases as (z+1)
-3

. More distant 

objects actually should appear bigger, but observations show that in fact the surface brightness of galaxies up to a redshift 

of 6 are exactly constant, as predicted by a non-expanding universe and in sharp contradiction to the Big Bang. Efforts to 

explain this difference by evolution lead to predictions of galaxies that are impossibly bright and dense.  

 

 Too many hypothetical entities  

The Big Bang theory requires 3 hypothetical entities, i.e. the inflation field, non-baryonic (dark) matter and the dark energy 

field to overcome gross contradictions of theory and observation. Yet no evidence has ever confirmed the existence of any 

of these three hypothetical entities. Indeed, there have been many experiments over the past 23 years that have searched 

for non-baryonic matter, all with negative results. Without the hypothetical inflation field, the Big Bang does not predict an 

isotropic (smooth) cosmic background radiation (CBR). Without non-baryonic matter, the predictions of the theory for the 

density of matter are in self-contradiction, inflation predicting a density 20 times larger than any predicted by light 

element abundances, which are in contradiction with each other. Without dark energy, the theory predicts an age of the 

universe younger than that of many stars in our galaxy.  

 

 No room for dark matter  

While the Big bang theory requires that there is far more dark matter than ordinary matter, discoveries of white dwarfs, 

i.e. dead stars, in the halo of our galaxy and of warm plasma clouds in the local group of galaxies show that there is enough 

ordinary matter to account for the gravitational effects observed, so there is no room for extra dark matter.  

 

 No conservation of energy  

The hypothetical dark energy field violates one of the best-tested laws of physics, the conservation of energy and matter, 

since the field produces energy at a titanic rate out of nothingness. To toss aside this basic conservation law in order to 

preserve the Big Bang theory is something that would never be acceptable in any other field of physics.  

 

 Alignment of CBR with the local supercluster  

The largest angular scale components of the fluctuations, i.e. anisotropy, of the CBR are not random, but have a strong 

preferred orientation in the sky. The quadrupole and octopole power is concentrated on a ring around the sky and are 

essentially zero along a preferred axis. The direction of this axis is identical with the direction toward the Virgo cluster and 

lies exactly along the axis of the Local Supercluster filament of which our Galaxy is a part. This observation completely 

contradicts the Big Bang assumption that the CBR originated far from the local Supercluster and is, on the largest scale, 

isotropic without a preferred direction in space. Big Bang theorists have implausibly labelled the coincidence of the 

preferred CBR direction and the direction to Virgo to be mere accidents and have scrambled to produce new ad-hoc 

assumptions, including that the universe is finite only in one spatial direction, an assumption that entirely contradicts the 

assumptions of the inflationary model of the Big Bang, the only model generally accepted by Big Bang supporters. 

 

At the same time, the book also tried to collate the evidence, which he believes supports a plasma cosmology model. Again, just 

the most salient arguments are summarised: 

 

http://www.mysearch.org.uk/website1/html/638.Expansion.html#So_what_is_known_about_the_energy-density_and_size_of_the_universe_
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Eric Lerner 

The ability of a scientific theory to be 

refuted is the key criterion that 

distinguishes science. If a theory cannot 

be refuted, if there is no observation that 

will disprove it, then nothing can prove it 

- it cannot predict anything, it is a 

worthless myth.. 

 Plasma theory correctly predicts light element abundances  

Plasma filamentation theory allows the prediction of the mass of condensed objects formed as a function of density. This 

leads to predictions of the formation of large numbers of intermediate 

mass stars during the formations of galaxies. These stars produce and 

emit to the environment the observed amounts of 4He, but very little C, 

N and O. In addition cosmic rays from these stars can produce by 

collisions with ambient H and He and the observed amounts of D and 

7Li.  

 

 Plasma theory predicts the large scale structure of the universe  

In the plasma model, superclusters, clusters and galaxies are formed 

from magnetically confined plasma vortex filaments. The plasma 

cosmology approach can easily accommodate large scale structures, and in fact firmly predicts from basic physical 

principles a fractal distribution of matter, with density being inversely proportional to the distance of separation of 

objects. This fractal scaling relationship has been borne out by many studies on all observable scales of the universe. 

Naturally, since the plasma approach hypothesizes has no origin in time, the large amounts of time needed to create the 

large-scale structures present no problems for the theory.  

 

 Plasma theory predicts absorption of radio waves  

The plasma model views the energy for the CBR being provided by the radiation released by early generations of stars in 

the course of producing the observed 4He, although the plasma redshift model to be discussed provides a different 

explanation. The energy is thermalized and isotropized by a thicket of dense, magnetically confined plasma filaments that 

pervade the intergalactic medium. It has accurately matched the spectrum of the CBR using the best-quality data set from 

the COBE satellite. Since this theory hypotheses filaments that efficiently scatter radiation longer than about 100 microns, 

it predicts that radiation longer than this from distant sources will be absorbed, or to be more precise scattered, and thus 

will decrease more rapidly with distance than radiation shorter than 100 microns. Such an absorption has been 

demonstrated by comparing radio and far-infrared radiation from galaxies at various distances, the more distant, the 

greater the absorption effect. New observations have shown the exact same absorption at a wavelength of 850 microns, 

just as predicted by plasma theory.  

 

 The alignment of the CBR anisotropy 

If the density of the absorbing filaments follows the overall density of matter, as assumed by this theory, then the degree 

of absorption should be higher locally in the direction along the axis of the Local Supercluster and lower at right angles to 

this axis, where less high-density matter is encountered. This in turn means that concentrations of the filaments outside 

the Local Supercluster, which slightly enhances CBR power, will be more obscured in the direction along the supercluster 

axis and less obscured at right angle to this axis, as observed. 

 

However, the evidence both against the Big Bang and for the plasma model have, in turn, been criticized by many notable 

scientists, although Ned Wright might be  one of the best known. Edward L. (Ned) Wright received his degree in physics from 

Harvard University in 1969 and a PhD in Astronomy in 1976. After teaching in the MIT Physics Department, Professor Wright 

has been at UCLA since 1981. Ned Wright also has a well respect ‘Cosmology Tutorial Websites’.  As the thrust of Ned Wright’s 

http://www.mysearch.org.uk/website1/html/667.Brynjolfsson.html#Basic_Overview_of_Plasma_Redshift
http://www.astro.ucla.edu/~wright/cosmolog.htm
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criticisms are fairly lengthy and involved,  this review will simply provide a link to the webpage entitled ‘Errors in The Big Bang 

Never Happened’ 

 

Eric Lerner 

The annual number of cosmology papers published skyrocketed from sixty in 1965 to over five hundred in 1980, yet this 

growth was almost solely in purely theoretical work: by 1980 roughly 95 percent of these papers were devoted to various 

mathematical models, such as the "Bianchi type XI universe." By the mid-seventies, cosmologists' confidence was such 

that they felt able to describe in intimate detail events of the first one-hundredth second of time, several billion years 

ago. Theory increasingly took on the characteristics of myth absolute, exact knowledge about events in the distant past 

but an increasingly hazy understanding of how they led to the cosmos we now see, and an increasing rejection of 

observation. 

 

1.4.7.3.4 The Work of Donald Scott 
 

In terms of any sort of basic timeline of plasma physics developments leading 

towards an alternative cosmological model, Donald Scott’s book called ‘The 

Electric Sky’ was first published in 2006 and then revised in 2012. Therefore, it is 

assumed that this work is reflective of the ideas still being currently pursued 

within the plasma model. Donald Scott also discusses some of his key ideas on his 

‘Electric Sky’ website.  

 

Donald Scott 

In recent years we have read about the ‘discovery’ of black holes, neutron 

stars, cosmic strings, and such things as dark energy and invisible matter. 

Anyone who reads Sagan, Hawking, and the other popular astronomy writers can see how complicated and counter-

intuitive the concepts of modern astrophysics are becoming. Even so, until recently, I assumed that astronomers and 

astrophysicists knew what they were talking about. Now – I’m sure they do not. 

 

This discussion is only reflective of some of the ideas taken from these sources. Donald Scott has a bachelor's and master's 

degrees in electrical engineering and, following his graduation, worked for General Electric. Later, he gained doctorate in 

electrical engineering and subsequently taught at University of Massachusetts until his retirement in 1998. Since retiring, he has 

returned to a lifelong interest in astronomer and cosmology. So while it is true that Scott is not, and never has been, a 

professional cosmologist, he is a professional electrical engineer with hands-on experience of electrical plasma, which may be 

the more relevant qualification at this point. However, as implied, the intention is to only briefly review some of the statements 

made within ‘The Electric Sky’ in as much as they support earlier work in the field of plasma physics or supports new ideas 

about the workings of the universe. A space plasma is now generally known to permeate the solar system with charged 

particles that are often described in terms of the solar wind. If entire galaxies consist mainly of plasma, then it might be 

assumed that 99% of the entire universe is plasma, if the speculative existence of dark matter and dark energy is ignored. On 

this basis, it can be argued that if we wish to understand phenomena in the universe, we must examine and understand the 

detailed physics of this form of matter, which appears to make up so much of the cosmos. 

 

So why do space plasma act as they do? 

http://www.astro.ucla.edu/~wright/lerner_errors.html#CRIT
http://www.astro.ucla.edu/~wright/lerner_errors.html#CRIT
http://electric-cosmos.org/
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Space_Plasma
http://www.mysearch.org.uk/website1/html/661.Terminology.html#The_Solar_Wind
http://www.mysearch.org.uk/website1/html/383.Dark%20Matter.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
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Donald Scott 

It is becoming clear that knowledge acquired 

in electric plasma laboratories over the last 

century affords insights and simpler, more 

elegant, more compelling explanations of 

most cosmological phenomena than those 

that are now espoused in astrophysics. And 

yet astrophysicists seem to be intent on 

ignoring them. Thus, lacking these 

fundamental electrical concepts, 

cosmologists have charged into a mind-

numbing mathematical cul de sac, creating on 

the way a tribe of invisible entities – some of 

which are demonstrably impossible. 

 

When an electric current, i.e. a flow of charged particles, passes through a 

gas, it can strip away one or more of the outer valence electrons from some 

of the atoms, such that these atoms become ionized, leaving a positive ion 

and a free negative electron. Alternatively, a free negative electron can be 

captured by a neutral atom, such that it become a negative ion. 

 

But what causes the charged particles to move? 

 

Positive and negative charges move in opposite directions in the presence 

of an electric field, unlike neutral particles subject only to gravity. An 

electric field is the result of an electric potential, or voltage, existing 

between two points along a wire or in space, which might also be likened to 

a difference in potential energy. The strength of the electric field is a 

function of this potential difference [V] and the distance [d] between two 

points, which can be characterised by the following equation: 

 

[1]       

 

The strength of the electric field [E] then determines the force [F]  on each charge [q] in the field, which can be mathematical 

expressed as follows: 

 

[2]       

 

Therefore, the stronger the field [E], the greater the force [F] on each charged particle [q] causing it to move; the net effect of 

[n] charges of [q] passing a given point in unit  time defines a current [I]. Again, this relationship can be simply summarised as 

follows: 

 

[3]       

 

While these equations are only really restating some of the most basic foundation work of the electromagnetic pioneers of the 

18
th

 and 19
th

 century, we might now show the similarity of form in Coulomb’s law of electrostatic force and Newton’s law of 

gravitational force, while highlighting the fact that the electrostatic force [FE] is some 10
36

 times greater than the gravitational 

force [FG] 

 

[4]       

 

http://www.mysearch.org.uk/website1/html/466.Fields.html#Electric_Fields
http://www.mysearch.org.uk/website1/html/468.Equation1.html
http://www.mysearch.org.uk/website1/html/32.Newton.html#Universal_Law_of_Gravitation
http://www.mysearch.org.uk/website1/html/32.Newton.html#Universal_Law_of_Gravitation
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Therefore, when some of the atoms in a space gas cloud become ionized, the resulting 

charged particles will start moving under the influence of any combination of the electric 

and magnetic fields that they pass through. This movement can then cause further 

collisions with other neutral atoms, such that a neutral gas cloud may effectively become 

a plasma, which overpowers the effects of gravity within this region of space. However, 

the formation of a plasma appears to have some other special properties that are not 

immediately obvious from the simple equations above. Early in the 

20
th

 century, Langmuir discovered one of the most important properties of plasma is its 

ability to electrically isolate one section from another via two closely spaced layers, one 

consisting of positive charges and the other of negative charges. This effect is now 

referred to as a ‘double layer (DL)’.  So, as a general rule, it appears that when there is a 

significant voltage difference between two locations within a plasma, a DL will form 

between them and most of the voltage difference is contained within the confines of the 

DL. As such, the strongest electric field in any plasma are found within the confines of the 

double layer, which gives plasmas an ability to isolate regions of a plasma with different 

characteristics, e.g. densities, temperatures or magnetic field strengths. However, for the 

purposes of this discussion it might be useful to simply summarise some of the key 

properties of plasma double layers: 

 

 They consist of two layers of opposite charge. 

 They form cellular structures with the double layer acting as the cell wall. 

 They form in filamentary current channels, i.e. Birkeland currents. 

 They can accelerate charged particles, in opposite directions up to velocities approaching the speed of light. 

 

So within this description, the relative movement of 

different plasma regions can produce electric currents 

within them, i.e. Birkeland currents. A verifiable example 

is found in the ionosphere, where these filaments can 

carry up to a million amps and power the aurora. 

Estimates of this effect in the Sun's prominences suggest 

currents as high as 100 billion amperes. As such, it is 

believed that Birkeland currents can collimate ‘jets’ of 

matter and charged particles. However, while a heated jet 

of gas would quickly disperse in space, it seems that 

the magnetic pinch of a Birkeland current can maintain 

filaments of glowing matter over thousands of light years. In fact, it is argued that plasma phenomena can be scaled over, at 

least, 14 orders of magnitude, although this claim may be challenged. Another attribute of these plasma filaments is that they 

attract one another with a force inversely proportional to their distance, i.e. 1/r, based on Amperes law, while gravity attracts 

matter with a force based on the inverse square law, i.e. 1/r
2
, based on Newton’s law of gravitation. Therefore, it has been 

suggested that pinched Birkeland currents may be the most effective way of condensing rarefied dust and gas to form 

molecular clouds and stars. Based on these properties, some plasma cosmologists have argued that: 

 

http://www.mysearch.org.uk/website1/html/661.Terminology.html#Double_Layers:
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Birkeland_Currents
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Z-Pinch:
http://www.mysearch.org.uk/website1/html/471.Equation4.html
http://www.mysearch.org.uk/website1/html/488.Gravitation.html
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Donald Scott 

Why is it so important that plasma cosmology 

gain wider recognition? The answer is 

because people want to get it right. Nobody 

wants to be intellectually deceived and sold 

an expensive bill of goods that is untrue. 

Sagan put it this way: “Finding the occasional 

straw of truth awash in a great ocean of 

confusion and bamboozle requires 

intelligence, vigilance, dedication, and 

courage. But if we don’t practice these tough 

habits of thought, we cannot hope to solve 

the truly serious problems that face us – and 

we risk becoming a nation of suckers, up for 

grabs by the next charlatan who comes 

along.” 

Since the universe is 99.9% plasma, the important question is not whether the properties of a plasma are important in 

cosmology, but why they have been effectively ignored for long in favour of gravity? 

 

To put this question into some overall perspective, it has been estimated 

that the volume of space defined by the Earth’s radius from the Sun 

contains something like 10
39

 electrons, supporting the claim that the entire 

solar system is a plasma region of space. If the interstellar region between 

the stars in the galaxy were even one millionth of this figure, it could still 

be defined as a plasma region of space. If we make reference to the 

‘macroscopic calculator’ we can see that if the relative size of our Sun is 

made comparable to a grain of sand, its nearest neighbour would be 6.9 

kilometres away. This begs the question as to the relative importance of 

electromagnetic forces in comparison to gravitational force, especially in 

light of the ratio of [FE/FG] as shown in [3]. Naturally enough, some plasma 

cosmologists have argued that we live in a ‘plasma universe’. 

 

But surely a plasma universe, as opposed to a gravity universe, would lead 

to major observational differences? 

 
According to Scott, a plasma universe should be filamentary, at all scales, 

as in the Earth’s atmospheres, the Sun’s corona, groups of stars, galaxies and  galactic clusters. It would also be energetic in the 

sense that sources of electromagnetic radiation would exist over the entire electromagnetic spectrum. It also appears to be 

suggested that a plasma universe should be infinite in space, and presumably time, although the physics on which this 

assumption is based is not always obvious. In contrast, it is argued that a gravitational universe, as defined by the Big Bang, 

should now be quiescent in the absence of mass collisions and increasingly smooth on the large scale. As such, plasma 

cosmologists argue that the filamentation, chaos, and radio-frequency radiation that we now observe could not have been 

predicted by the Big Bang model, at least, the original one. Another property of a plasma universe cited is that chaotic motion 

tends to produce cells of plasma of different voltage, temperature, density and therefore comes to define its chemical 

properties. The relative motion of these cells is also thought to generate both electric currents and charge separation and, in-

turn, these electric currents given rise to magnetic fields. As a corollary to this argument, charge separation causes electric 

fields to exist and therefore filamentation, chaos, electric and magnetic fields, intense charged particle beams, broadband 

radiation from extremely low frequencies to gamma-rays, and an overall cellular structure are natural predictions of a plasma 

universe. It is then claimed that astrophysicists responded to the mounting evidence for the existence of filaments at all scales 

by introducing the idea of  ‘cosmic strings’. 

 

Note: cosmic strings are hypothetical 1-dimensional spatially defects, which may have formed during a symmetry 

breaking phase transition in the early universe. 

 

However, much of the gravity universe is still predicated on a homogeneous, non-electrical, mathematical 

model, see Concordance model, which requires that the universe become increasingly smooth as distance and time increases. 

Another idea injected into this mixture of physics and speculation was the idea of a black hole and matter degeneracy, which 

attempts to explain how gravity could produce the tremendous energies associated with certain galaxies. The original 

http://www.mysearch.org.uk/website1/html/659.Macroscopic.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/290.Blackholes.html
http://www.mysearch.org.uk/website1/html/650.Models.html#Matter_Degeneracy
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Plasma Redshift Papers 

Much of this work can also be found in the 

Cornell University pre-print Library - 

search arXiv.org 

description of a black hole suggested that nothing could escape it, not even light in the form of electromagnetism radiation. 

However, subsequent observations appeared to show the existence of jets being sourced by these objects, such that the black 

hole concept was modified by Stephen Hawking to allow radiation to escape after all. This was followed by  ‘cosmic strings’  to 

explain the filaments and strings of galaxies that were being discovered everywhere. The injection of quantum theory via 

the inflation model is but another speculative idea that was required to maintain any semblance of a Big Bang model.  Despite 

the apparent level of hypothetical speculation that plasma cosmologists believe is still associated with many of these ideas, 

they argue that many of the hypotheses, like black holes, cosmic strings and quantum inflation, are now readily accepted for 

publication in the astrophysical journals, while other ideas linked to plasma cosmology are typically rejected. Of course, even if 

this claim were true, the history of cosmology may simply see the standard model eventually ‘morphing’ itself into a variant 

that better fits the observation, such that it might ultimately bear a striking resemblance to the plasma universe. Alternatively, 

the plasma universe might be proved completely wrong! 

 

1.4.7.3.5 The Work Ari Brnjolfsson 
 

Dr. Ari Brynjolfsson (1927-2013) graduated in mathematics and science in 

1948.  He studied nuclear physics at the Niels Bohr Institute in Copenhagen 

between 1948-1954 and received his Ph.D in 1954.  Dr. Brynjolfsson was a 

special research fellow of University of Iceland (1954-1955) and an Alexander 

von Humboldt fellow of the University of Göttingen (1955-1957). In 1973, he 

received a Doctor Philosophiae (DSc) from the Niels Bohrs Institute of 

Copenhagen. Dr. Brynjolfsson’s  PhD addressed cosmic radiation and the 

design and construction of a sensitive and accurate magnetometer. Doctor 

Philosophiae (DSc) thesis was entitled ‘Some Aspects of the Interactions of Fast 

Charged Particles with Matter ’. This latter work then led to the development 

of the idea called plasma redshift in 1978. In order to provide some balance to 

the following review, the following paper provides a very extensive overview 

of the many redshift mechanisms that have been proposed over the years: 

 

 On the Interpretation of Red-Shifts:  

 A Quantitative Comparison of Red-Shift Mechanisms  

 

While Brynjolfsson’s description of plasma redshift is briefly reviewed in the 

paper above, the following paper by Brynjolfsson might also prove useful to 

the interested reader: 

 

 Redshift of photons penetrating a hot plasma 

 

While an attempt is now made to outline some of the key issues for the general reader, it is highlighted that the further 

detailed articles, to be found on Dr Brynjolfsson’s website, really need to be referenced to appreciate the full scope of his work. 

 

 

  

http://www.mysearch.org.uk/website1/html/499.Inflation.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
http://www.plasmaredshift.org/Menu.html
http://www.mysearch.org.uk/website1/pdf/667.1.pdf
http://www.mysearch.org.uk/website1/pdf/667.1.pdf
http://www.mysearch.org.uk/website1/pdf/667.2.pdf
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Plasma Redshift Model 

He claimed that this model eliminated five 

major deficiencies in Einstein’s 

cosmological model for a static universe 

by explaining: 1) the cosmological redshift, 

2) the CMB, 3)  Olbers’ paradox, 4) the 

instability caused by the tendency of 

matter to concentrate due to gravitational 

attraction, 5) the renewal of matter at the 

centre of galaxies and quasars. 

Overview of Plasma Redshift Model: 

The basic idea of Compton scattering has already been outlined in a previous 

discussion. However, this description is essentially limited to the scattering of 

one incident photon on one electron, which results in only one out-going 

photon. In this type of scattering, the probability of a collision between the 

photon and the electron can be defined in terms of a collision cross-section 

[σC], which in the simple example cited is in the order of 6.65*10
−25

cm
2
 that 

results in a very small amount of recoil energy being transferred to the 

electron. Expanding this basic idea to ‘double Compton scattering’ still 

describes one incident photon scattered on one electron, but now results in 

two out-going photons, although the collision cross section for this type of 

event is very small, i.e. [ΦC/137]. It is possible to extend this process to 

‘multiple Compton scattering’ that is still based on one photon colliding with one electron, but now producing multiple photons 

as a result, although the collision for such events now have to be described in terms of quantum mechanics and not classical 

physics. 

 

Note: the transition to a quantum description is said to be central to understanding the idea of redshift in hot sparse 

space plasmas. 

 

Coherent scattering of electrons  is often called ‘Rayleigh scattering’ when the initial and final states of the electrons are 

unchanged and ‘Raman scattering’ or ‘Stokes scattering’ when the initial and final electron states differ and results in 

incoherent scattering. When the photons scatter on the plasma electrons in thermal equilibrium, the redshift(s) produced by 

these processes are small and usually insignificant. However, if the scattering electron moves relative to the observer, a 

Doppler shift will occur, although it does not really change the nature of the interactions. While the theory of plasma redshift is 

still based on the scattering processes outlined, it now attempts to account for the interaction of one incident photon with a 

great many electrons in the plasma.  So while plasma redshift is a form of ‘multiple Compton scattering’, it differs from the 

normal ‘classical’ description because it involves multiple scattering process on a great many electrons. While this type of 

scattering can be described as ‘incoherent’, it cannot be liken to ‘Raman scattering’ where the plasma redshift can usually be 

deduced using classical physics, as it now requires quantum consideration to be taken into account. If only classical physics 

were used, the collision cross section would effectively be zero. 

 

OK, but how does this idea change the effects on redshift? 

 

In classical Compton scattering, an incident photon with wavelength of 500nm, i.e. red light, would transfer an energy of about 

6.36*10
-49

 joules to the plasma per electron. The corresponding energy transferred  in the plasma redshift model is about 

200,000 times larger or 1.31E
-43

 joules per electron. So compared to the heat-energy transferred by Compton scattering, the 

heat-energy transferred by plasma redshift is very much larger and a key factor in correctly explaining the physics within: 

 

 the solar corona, 

 the corona of galaxies 

 the interstellar plasma. 

 

http://www.mysearch.org.uk/website1/html/523.Compton.html
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Experimental evidence would also appear to shown that when one of the outgoing photons is in the far-infrared, the 

interaction within a hot, sparse plasma always involves many electrons. Therefore, the collective effects become increasingly 

important as the collision cross-section becomes much larger in hot, sparse plasmas, such as those in the coronas of stars. This 

is in stark contrast to the same basic process in a cold, dense plasmas and in the denser and colder chromospheres of stars. As 

such, it is argued that the classical collision cross-section has to be replaced by the plasma redshift cross-section in many space 

plasma environments where the plasma is both hot and sparse. 

 

Brynjolfsson‘s research has suggested that the cross-section for the plasma redshift depends on the photon width, i.e. its 

wavelength, and the damping of this wavelength within a plasma. This damping also appears to be a function of how the 

plasma temperature varies with its density, which in combination affects both the coherence and cross-section of the plasma 

redshift for the photons involved. In addition, the plasma redshift varies with the wavelength, electron temperature and density 

only when the wavelength is less than a certain cut-off wavelength, which also depends on the electron temperature and 

density. Outside the conditions being outlined, the significant of the plasma redshift is much reduced, which possibly explains 

why this type of redshift has not been commonly understood or observed. Research also suggests ways in which a magnetic 

field will affect the plasma redshift and the cut-off wavelength for the redshift, which is especially important for explaining 

some of the phenomena in the Sun, such as the flares, loops and arches, which can also be extended to plasma effects in 

interstellar space. Clearly, if Brynjolfsson‘s research stands up to further empirical verification, it could lead to fundamental 

change to the theory of general relativity and have knock-on ramifications for any cosmological model. Let us try to summarise 

the scope of ideas that have only been introduced so far and the implications that might follow from these ideas: 

 

 The CMB is a result of the interstellar plasma being heated as a consequence of the plasma redshift cross-section. This 

effect is subject to quantum, not classical, collision processes, which only become significant in hot sparse plasmas that we 

might collectively label as ‘space plasmas’. In more conventional plasma, the lower energy levels of the atoms are typically 

occupied such that it is far more difficult for a photon to transfer its redshift energy to the plasma.  

 

 The description of the plasma redshift is thought to explain the solar redshift, the cosmological redshift, the CMB and the 

cosmic X-ray background plus the redshift of supernovae and surface brightness-redshift relationship without recourse to 

the many assumptions of the Big Bang/Concordance model, i.e. cosmic inflation, space expansion, dark energy, dark 

matter, accelerated expansion or black holes. As a result, it is claimed that the universe is not expanding and can maintain 

itself indefinitely. As consequence, the plasma redshift model leads to a fundamentally new cosmological model.  

 

 The idea of plasma redshift has the potential to explain many apparently contradictory phenomena and observations. For 

example, it has long been a puzzle how the Sun’s photosphere (~6000K) could heat the corona to temperatures in excess 

of 2,000,000K. In this context, it is claimed that the plasma redshift cross-section predicts the density and temperature 

distribution of both these zones.  

 

 Based on previous statements, the need for the reconnection of magnetic field lines would be negated, which many 

plasma physicists have argued is impossible, e.g. Hannes Alven.  

 

 The plasma redshift model also claims to exactly predict the solar redshift across all observed spectral lines. As such, it is 

stated that the solar spectral lines are not a result of a gravitational redshift as normally assumed. 

 

http://www.mysearch.org.uk/website1/html/661.Terminology.html#Space_Plasma
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Space_Plasma
http://www.mysearch.org.uk/website1/html/254.General.html
http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Magnetic_Reconnection
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 Based on Olber’s paradox, if light, i.e. photons, from the stars were not absorbed according to the plasma redshift cross-

section, the entire night sky would become as bright as the stars. However, it is argued that the absorption of photon 

energy in the form of the plasma redshift does account for the night sky observed. 

 

So, in summary, the spectral lines emitted by the Sun appear to be plasma redshifted and not gravitationally redshifted, when 

observed on Earth. It is believed that quantum effects cause the gravitational redshift to be reversed as the photons move from 

the Sun to the Earth. While the photons appear weightless relative to a local observer, they are repelled relative to a distant 

observer. Therefore, the weightlessness of the photons in the gravitational field relative to a local observer appears 

inconsistent with Einstein's equivalence principle, i.e. gravitational mass does not necessarily equal the inertial mass, which 

would have a profound impact on any cosmological model. For example, it would follow that the accepted description of a 

‘black hole’ does not exist as the photons can now escape and that under the very high pressure close to the ‘black hole limit’,  

matter would be annihilated and transformed into photons, which can escape and reform or be recreated as matter at a 

distance. Given that physicists have seen such annihilation and recreation of matter in the laboratories, it is argued that it is not 

unreasonable to assume that such processes take place in the wider universe. If so, there is no obvious need for 

Einstein’s cosmological constant [Λ] and the knock-on assumption that the universe must either be expanding or contracting; 

rather the universe might be described as existing in a quasi-static state, where matter can be constantly renewed indefinitely. 

This latter point would also suggest that the universe may be timeless. 

 

1.4.7.4 Claims & Counter-Claims 
 

In this section of discussions, some attempt has be made to summarise the scope of claim and counter-claim made in support 

of two opposing cosmological models, i.e. plasma versus the ‘big bang’. As indicated in previous discussions, aspects of plasma 

physics might still be described as an active area of study within mainstream astrophysics, while it remains aligned to the 

standard model. However, it is clear that some supporters of the plasma model have extended the description of plasma 

physics to encompass an alternative plasma cosmology model. 

 

So how does the interested lay-person make any judgement on this debate? 

 

In part, this is an issue that has been touched on many times throughout this website in respect to Clifford’s essay entitled ‘The 

Ethics of Belief ’, although the requirements appear to becoming increasingly problematic for any non-specialists, let alone 

somebody simply interested in the general arguments. Of course, there is the quite reasonable argument that if you are not 

qualified or able to understand the scientific detail being discussed in accepted peer-reviewed publications, then you must 

simply accepted the 'weight of authority' in favour of mainstream science. However, this position does not really seem to take 

human curiosity into account or the fact that so much of theoretical physics now appears to be based on hypothesis, mainly 

underpinned by 'mathematical models', which cannot be fully anchored in empirical verification. Searching the ‘web’ for a 

balanced assessment of plasma cosmology only seems to highlight the polarity of two opposing schools of thoughts without 

always providing any factual assessment of the arguments for or against within reach of the interested lay-person. Again, 

maybe a general assessment of the 'open problems' simply cannot be made without the reader understanding the underlying 

physics in greater detail, although it should be possible to identify those issues within the debate that are unproven in terms of 

any real level of empirical verification. 

 

So how should the issue of plasma cosmology be approached? 

http://www.mysearch.org.uk/website1/html/259.Equivalence.html
http://www.mysearch.org.uk/website1/html/290.Blackholes.html
http://www.mysearch.org.uk/website1/html/276.Radius.html
http://www.mysearch.org.uk/website1/html/342.Friedmann.html
http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/64.Ethics.html
http://www.mysearch.org.uk/website1/html/627.Models.html
http://www.mysearch.org.uk/website1/html/625.Problems.html
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The following link references a discussion of plasma cosmology within the Physics Forum, which provides an initial cautionary 

note about the accepted status of some of the ideas being discussed, at least, in terms of the peer-reviewed evidence.  So 

having initially highlighted the speculative nature of plasma cosmology and the concerns of mainstream science, we might 

continue to indulge in some further speculative discussions. 

 

So how might we summarise the scope of the debate at this point? 

 

While the work of Birkeland, Langmuir and Alfvén extends back over the same timescales in which the standard model was 

developed; any wider acceptance of the plasma model appears to have had to wait for the arrival of the ‘space age’, which then 

allowed the detection of Birkeland currents by space-borne probes and satellites. In this respect, one of the most central ideas 

is that the electromagnetic properties of space plasmas provide an alternative, or possibly supplementary, explanations of 

observed cosmic phenomena. This position appears to have been strengthen by the increased evidence that much of the 

radiation within the observable universe seems to be emitted from space plasmas. Equally, due to their charged nature, 

plasmas are subject to electromagnetic forces, which are more than 10
36 

times stronger than the gravitational forces generally 

attributed to be the root cause of most cosmological structures within the standard model. Based on Alfven’s ideas linked to 

the relativistic motion of electrons moving in the Earth's magnetosphere, and the wider cosmos, it is argued that a plasma 

model can be constructed that better explains many of the key cosmic phenomena observed today. This model does not 

require the hypothetical existence of dark matter or dark energy and offers up an alternative explanation of the Cosmic 

Microwave Background (CMB) radiation and the observed 'cosmological redshift', which then appears to contradict the 

evidence that leads to the expanding universe of the standard model. 

 

1.4.7.4.1 Alternative Interpretation of CMB  
 

Supporter of the plasma model have highlighted that the energy of the CMB radiation closely equates to the energy that would 

have been released in order to generate the observed amount of Helium-4. It is also claimed that there are observed parallels 

between the CMB radiation and the radiation observed from plasmas in the laboratory, which led to Eric Lerner and Anthony 

Peratt to independently suggest that the filamentary structure of the universe could act in a similar manner, i.e. by plasmas 

absorbing and then radiating energy, which might also account for the CMB radiation observed today. Theoretical calculations 

based on the plasma model suggest an energy density of  5*10
-14

 joules/m
3
, which would correspond to a blackbody 

temperature of 2.87K that is very close to the observed 2.73K temperature of today’s CMB. However, it not clear whether this 

claim is really supported by the latest observations. Alternatively, the work of Ari Brynjolfsson suggests that the CMB can be 

explained in terms of plasma redshift.  

 

1.4.7.4.2 Alternative Interpretation of Redshift 
 

In the standard model, cosmological redshift is attributed to the expansion of the universe. In contrast, the plasma model holds 

to the position that the universe need not be expanding and suggests that the redshift observed for galaxies can be explained 

by other cosmological effects, e.g. the Wolf Effect, although this suggestion needs to be seriously questioned.  

 

The Wolf Effect is a frequency shift in the electromagnetic spectrum. It was first predicted by Emil Wolf, in 1987, and 

subsequently confirmed in the laboratory in acoustic sources and, a year later, in optic sources. In optics, two sources 

that emit beamed energy can interact in a way that causes a shift in the spectral lines. It is analogous to a pair of tuning 

http://www.physicsforums.com/showthread.php?t=205440
http://www.mysearch.org.uk/website1/html/427.Exploration.html
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Birkeland_Currents
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Space_Plasma
http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/661.Terminology.html#Magnetospheres:
http://www.mysearch.org.uk/website1/html/383.Dark%20Matter.html
http://www.mysearch.org.uk/website1/html/387.Dark%20Energy.html
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/384.Radiation.html#Cosmic_Microwave_Background_(CMB)__
http://www.mysearch.org.uk/website1/html/394.Redshift.html
http://www.mysearch.org.uk/website1/html/638.Expansion.html
http://www.mysearch.org.uk/website1/html/665.Lerner.html
http://www.mysearch.org.uk/website1/html/664.Peratt.html
http://www.mysearch.org.uk/website1/html/664.Peratt.html
http://www.mysearch.org.uk/website1/html/667.Brynjolfsson.html
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forks with similar frequencies, connected together mechanically with a sounding board, such that there is a strong 

coupling that results in the resonant frequencies getting "dragged down" in pitch. The Wolf Effect requires that the 

waves from the sources to be partially coherent, i.e. the wave-fronts being partially in phase. For example, laser light is 

coherent while candlelight is incoherent, such that each photon has random phase. The effect can result in either a 

redshift or blueshift depending on the observer's point of view, but is redshifted when the observer is head-on. 

 

In 2005, Lerner published a paper detailing his investigation as to whether the modern redshift data supported Hubble 

Expansion, as required by the standard model, based on data from the Hubble Ultra Deep Field (HUDF) and the Galaxy 

Evolution Explorer (GALEX) projects. In this paper he came to the conclusion: 

 

“The data from HUDF and GALEX give a clear answer to the surface brightness test of the expansion of the universe. The 

data is clearly compatible with the non-expanding hypothesis and clearly incompatible with the expanding hypothesis, 

even with evolution. The universe, therefore, is not expanding. Surface brightness is independent of redshift to well 

within narrow statistical uncertainties, while the FRW evolutionary hypothesis requires that high-z galaxies have FUV 

surface brightness that are more than an order of magnitude outside the entire range of low-z galaxies and which 

appear to be physically impossible.” 

 

While this argument appears to challenge some of the evidence normally cited in support of the standard interpretation of 

redshift and an expanding universe, it is not clear that it really offers an alternative interpretation within the context of some 

wider cosmological model. However, there is an alternative proposal known as Plasma Redshift Theory by Dr Ari Brynjolfsson 

that attempts to explains the observed redshift without expanding space. Again, the following references are provided for 

those readers who might be interested in the breadth and depth of speculation in this area, which includes both the standard 

and plasma models: 

 

 On the Interpretation of Red-Shifts: 

 Redshift of photons penetrating a hot plasma 

 

1.4.7.4.3 Interpretation of Cosmic Evolution 
 

As discussed, the standard model is predicated on the assumption that most cosmic structures are the result of gravitational 

interaction. In contrast, the plasma model argues that galactic formation may have originated from formations of plasma and 

Birkeland currents, which then interact via extremely strong electromagnetic forces to form the cosmic structures we observe 

today. In order to support this claim, computer simulations have been generated for this type of interaction, which then yielded 

results which closely align to observed structures within the cosmos at large. Again, this claim should possibly be reviewed in 

the context of the wider speculative discussion of ‘galactic models’.  

 

1.4.7.4.4 Interpretation of Methodology 
 

Based on the publication of an ‘Open Letter to the Scientific Community’ there appears to be some questioning of the scientific 

methodology being applied to the standard model. In response to such questions, the plasma model appears to be seeking to 

identify some issues that may lead to falsifiable predictions, e.g.  

 

http://www.mysearch.org.uk/website1/html/667.Brynjolfsson.html#Basic_Overview_of_Plasma_Redshift
http://www.mysearch.org.uk/website1/pdf/667.1.pdf
http://www.mysearch.org.uk/website1/pdf/667.2.pdf
http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/388.Friedmann.html
http://www.mysearch.org.uk/website1/html/639.Galactic.html
http://www.mysearch.org.uk/website1/html/669.Letters.html#Open_Letter_to_the_Scientific_Community
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 It might be possible to detect an extensive network of Birkeland filaments, which are thought to exist throughout the 

cosmos. 

 

 It might be possible to test if cosmic filamentary structure can act as an insulator of cosmic radiation.  

 

 It might be possible to account for redshift by alternative mechanisms based on more detailed observations in the 

future and, in so doing, further question the expanding universe model.  

 

However, the validity of such predictions would also require an appraisal of current scientific principles, e.g. the cosmological 

principle , which assumes that the laws of physics and its associated constants have been the same everywhere and for all time. 

It would also require a re-evaluation of current scientific assumptions and dependencies, e.g. gravity is the only dominant force 

at work in the universe. Finally, while the plasma model may assume that the universe to be infinite in both space and time, it is 

probably beyond its scope to address this issue at this time.  

 

When people are free to do as they please, 

they often imitate each other, but not always. 

However, when people are not free,  

they conform or suffer the consequences. 
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1.4.7.5 Summary of Cosmic Speculation 
 

In this section of discussions, a number of alternative cosmological models have been outlined, which it was felt to be 

representative of a reasonably broad spectrum of different ideas. However, it should possibly be stressed that most do not 

represent an alternative cosmology model that could replace the entire standard model. 

 

 The Expansion Model 

 The Cyclic Model 

 The Galactic Model 

 The Plasma Model 

 

However, the list above does not really do any justice to the scope of ideas that have been developed over the last few 

decades, where even the following summation of models is far from exhaustive: 

 

Steady State  

Theory 

Quasi-Steady State 

Cosmology 

Endless, Boundless,  

Stable Universe 

Equilibrium  

Cosmology 

Compton Effect  

Model 

Genesis Continuous  

Theory 

Aether  

Theory 

Universe Cycle  

Model 

Exponential Decay  

Hypothesis 

Steady State 

Universe 

Steady State  

Galaxy Theory 

Dynamic Steady State  

Universe 

Aetherometric  

Model 

Big Breed  

Theory 

Contracting Universe  

Hypothesis 

Cosmic Electrodynamic  

Model 

Dispersive Extinction  

Theory 

New Universe  

Theory 

Placid Universe  

Model 

Infinite Universe  

Model 

Regenerating Universe  

Theory 

Universal Cycle  

Theory 

Curvature  

Cosmology 

Dynamic Universe  

Theory 

Infinite Non-Expanding  

Universe Theory 

Recycling Universe  

Theory 

Stellar Dynamics  

Model 

 

Without going into the details of all these models, it seems fairly obvious that not all the ideas being forwarded can be right. 

However, within the wider discussion of alternative cosmological models, many of the most basic assumptions of the standard 

model have been challenged. Whether all challenges can be refuted by the standard model is unclear, especially when the 

standard model itself appears to contain quite a few speculative ideas for which there is no substantive evidence, at least, as 

yet. 

http://www.mysearch.org.uk/website1/html/364.Concordance.html
http://www.mysearch.org.uk/website1/html/638.Expansion.html
http://www.mysearch.org.uk/website1/html/657.Cyclic.html
http://www.mysearch.org.uk/website1/html/639.Galactic.html
http://www.mysearch.org.uk/website1/html/655.Plasma.html
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“There is a theory which states that if ever anyone discovers exactly what the Universe is for and why it is here, it will 

instantly disappear and be replaced by something even more bizarre and inexplicable. There is another theory which 

states that this has already happened 

 

Within the humour of Douglas Adam’s quote above lies a serious question regarding the ‘what and why’ of existence, which 

covers both the physical existence of the universe and the somewhat metaphysical existence of life within it, e.g.  

 

 What is the universe? 

o Is the universe finite or infinite in space and time? 

o What physical laws define its evolution? 

 Why is it here? 

o What is life? 

o Is there purpose in the universe? 

 

Within this segregation, the ‘what’ questions are possibly more representative of ones that science might one day answer, 

while the ‘why’ questions may extend beyond the remit of science for some considerable time to come and, as such, remain 

open to philosophical conjecture and/or theological belief. If so, it might be argued that there are possibly 3 different phrases, 

albeit often used in different contexts, which essentially amount to the same thing, i.e. we do not really know: 

 

 Scientific speculation 

 Philosophical conjecture 

 Theological belief 

 

For, in many ways, each perspective is predicated on some sort of belief, which goes beyond what we really know. Therefore, in 

the absence of certainty, we might consider the implications of Clifford’s definition of the ‘limits of inference’, irrespective of 

which perspective we might personally prefer, to which an open question is appended: 

 

We may believe in that which goes beyond our experience, only when it is inferred from our experience and by the 

assumption that, what we do not know, is like what we already know….. 

  

……But what happens if what we do not know ends up being nothing like what we do know? 

 

 

Of course, in the context of cosmology, the question being raised is often a natural consequence of any speculative model that 

seeks to explain the start, evolution and end of the universe as a physical process. For example, we might try to summarise the 

breadth of ‘what we do not know’  linked to the standard model: 

 

1. How big is the universe?  

Many cosmologists now appear to accept that the Big Bang model does not address the whole scope of the universe, 

which may be infinite in time and space. As such, any answer extends beyond what we know and can even observe. 

 

 

http://www.mysearch.org.uk/website1/html/184.Science.html
http://www.mysearch.org.uk/website1/html/77.Life.html
http://www.mysearch.org.uk/website1/html/68.Science.html
http://www.mysearch.org.uk/website1/html/38.Philosophy.html
http://www.mysearch.org.uk/website1/html/49.Theology.html
http://www.mysearch.org.uk/website1/html/34.Clifford.html
http://www.mysearch.org.uk/website1/html/353.Big%20Bang.html
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2. How did our universe start?  

Given the caveats in (1), our universe is often described as starting as one of possibly many quantum singularities. Again, 

this process also appears to extend beyond what we really know about space and time. 

 

3. How did our universe initially expand? 

To-date, there is no consensus on the physics that can accurately explain how a period of exponential quantum 

inflation started and, just as importantly, stopped. Again, this description extends beyond what we know about space and 

time.  

 

4. How did our universe continue to expand?  

The ΛCDM model is predicated on an initial inflation phase, as per (3), which is then linked to the idea 

of baryogenesis and nucleosynthesis. However, the continued expansion of the universe is often described in terms of a 

series of phased transitions. Unfortunately, some of these transitions require the introduction of unknown processes and 

unverified density components, e.g. light element abundance, dark matter and dark energy. As such, not even this step is 

really like what we actually know.  

 

5. How did the structure of universe evolved? 

The evolution of stars, galaxies and cosmic filaments are still subject to much debate . For example, it is not certain how 

the processes in, and surrounding, a star can be solely described in terms of fusion-gravity. There are also still open 

questions regarding the galactic rotation curves; especially if dark matter is required. Likewise, there are still many open 

questions as to whether gravity alone can explain the large-scale filamentary structures of the universe. On this basis, what 

we know seems inconclusive, at best, although some of the eventual answers may be like what we already know. 

 

6. Is our universe finite in age? 

The assumptions in steps (1..5) has led to the conclusion that the universe must be expanding and reverse-engineering this 

expansion has led to a figure of 13.7 billion years – see cosmic calculator for details. However, the evidence of this 

expansion rests heavily on the interpretation of the cosmological redshift , while many other interpretations seem to 

refute this fundamental assumption. Based on this review, only a few of the assumptions being forwarded can really be 

linked to what we really know.  

 

7. How will our universe end? 

Depending on the emphasis given to any number of assumptions in the previous steps, the standard model might end up in 

one of a number of possible end-states, e.g. big freeze, big rip, big crunch, big bounce, multi-verse, false vacuum, cosmic 

uncertainty or even none of the above. Clearly, what we know must be uncertain given the scope of speculation still being 

discussed and, as such, is beyond what we know for certain. 

 

Of course, at this point, advocates of the standard model might reasonably argue that any cosmological model has to be seen 

as work-in-progress. They might also argue that many of its assumptions are anchored in known science, which are a best-fit to 

the observational data currently available, which appears to preclude many of the alternative models. However, it might also be 

argued that there is a problem, inherent in all models, which attempt to extrapolate ‘known science’ in order to make further 

predictions, prior to any direct verification, which in-turn become the basis on which further assumptions are made: 
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"Concepts that have proven useful in ordering things can easily attain an authority over us such that we forget their 

worldly origin and take them as immutably truths. They are then rubber-stamped as a "sine-qua-non of thinking" and an 

"a priori given". Such errors often make the road of scientific progress impassable for a long time." Albert Einstein 

 

Personally, any assessment of the (1..7) summary above seems to suggest that much of what we do not know ‘certainly’ 

exceeds what we do know. Whether the problem listed below will eventually require answers that prove to be nothing like 

what we already know remains to be seen: 

 

 The flatness problem  

Why does the matter density of the universe appear so very close to the unstable critical value said to divide perpetual 

expansion and collapse? 

 

 The horizon problem 

Why does the universe look the same in all directions, if it arises out of causally disconnected regions?  

 

 The density fluctuation problem  

What caused the perturbations said to have caused the gravitational collapse of galaxies in a primordial universe?  

 

 The matter problem  

What are the physical components of the universe, e.g. matter, plasma, dark matter and dark energy? 

 

 The exotic relics problem 

The idea of phase transitions in the early universe also gives rise to topological defects, e.g. monopoles, and exotic 

particles. Why do we not see any evidence of them today? 

 

 The thermal state problem  

Why should the universe begin in thermal equilibrium when there is no mechanism by which it can be maintained at very 

high temperatures.  

 

 The cosmological constant problem  

Why is the cosmological constant 120 orders of magnitude smaller than expected from quantum gravity?  

 

 The singularity problem  

Why is the cosmological singularity so often defined as an infinite energy density state, when this statement seems to 

contradict both general relativity and quantum theory?  

 

 The timescale problem 

Are independent measurements of the age of the universe consistent using Hubble's constant and stellar lifetimes? 

 

However, it is possible that the list above actually needs to be reviewed in the wider context of ‘all problems’, which now 

challenge the breadth and depth of science, across all fields of research, not just theoretical cosmology. 
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So why does the standard model remain so dominant? 

 

Well, as already suggested, one simple answer may be that it is just the best-fit for current observations. However, supporters 

of the other cosmological models have argued that they have presented alternative explanations for many observed 

phenomena plus made predictions of new phenomena, which have not been contradicted by any evidence to-date. While they 

accept that any alternative model must also be seen as work-in-progress, they highlight that this work is very dependent on 

additional future funding and presumably some level of wider acceptance, if it is to attract new researchers into this field.  

However, they have argued that most funding is allocated by government bodies and academic institutions, where the focus is 

almost exclusively orientated towards research that helps underpin the mainstream model rather than assisting any alternative 

models that might be attempting to challenge it. 

 

So is there a risk of cosmology becoming a religion or an industry? 

 

At first glance, many may see this as a biased question. However, having now made some attempt to review the standard 

model and the scope of some of the more speculative models of cosmology, there is a sense that many people have either 

become polarised in their 'beliefs' about a given cosmological model or simply become too dependent on it as ‘an industry’, 

which they cannot afford to fail. 

 

“The real accomplishment of modern science and technology consists in taking ordinary men, informing them narrowly 

and deeply and then, through appropriate organization, arranging to have their knowledge combined with that of other 

specialized but equally ordinary men. This dispenses with the need for genius. The resulting performance, though less 

inspiring, is far more predictable.”  John Kenneth Galbraith 

 

While this is possibly too cynical for many people to accept, it might be more acceptable to simply say that the rights or wrongs 

of any given cosmology model still has to be quantified in terms of a probability rather than certainty. For what would seem less 

contentious is to stated that the universe has turned out to be far more complicated than any could, or did, imagine. So what, if 

anything, might be said about the more fundamental questions hiding within the Douglas Adam quote above:  

 

What is the universe for? 

Why is it here? 

 

If we step back from the 'claim and counter-claim' of the various competing models, we might reasonable assume that the 

validity of any model will ultimately be tested and founding wanting, if predicated on false assumptions. As such, the debate 

will only really change in the face of overwhelming evidence, accumulated over time, and possibly by a process originally 

described by Max Planck: 

 

“A scientific truth does not triumph by convincing its opponents and making them see the light, but rather because its 

opponents eventually die and a new generation grows up that is familiar with it.” 

 

If we accept this position, it is clear that the neither the ‘what’ or ‘why’ questions can be answered, at this stage, when 

predicated on ‘scientific speculation’. Of course, this may only leave ‘philosophical conjecture ’ or ‘theological belief’ for those 

seeking some sort of answer within their lifetime. 
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However, might we consider other possibilities? 

 

In truth, it is not clear that humanity will ever be able to answer all its questions about the universe, because as Aristotle before 

us, we will simply end up with questions related to the ‘prime-mover’.  Of course, there is also the real possibility that we, the 

sum total of humanity, may not have the intelligence or sensory equipment to understand the real complexity of the wider 

universe. If so, this might bring the discussion back, full circle, to the issue of our perception of the universe within any future 

evolutionary paradigm.  While many will reject this paradigm, possibly even more quickly than an alternative cosmology model, 

it might be accepted that our 'reality' of the universe has changed, possibly beyond all recognition, in just the last 100 years or, 

at least, our perception of it. Therefore, maybe the last question to be tabled on this particular subject should be: 

 
How will the future of sentience intelligence evolve over the next 500 years  

and how might this change the perception of the universe,  

if not its physical description? 
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