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Fred Hoyle was born on June 24, 1915 in Bingley, Yorkshire. His father,
Benjamin was a wool merchant and mother Mabel was a teacher. Child is
the father of man, it is said and certainly the young Fred was something of a
rebel and even a truant. By age four he could reel off multiplication tables up
to twelve and by age ten could navigate by the stars.

After early Grammar School, Hoyle studied mathematics at Emmanuel
College, Cambridge, receiving his BA, winning in the process the Mayhew
Prize in the Mathematical Tripos. After more distinctions and the Master’s
degree in Physics in 1939 Hoyle earned a fellowship at St. John’s College,
Cambridge. That was also the year he married Barbara. For six years during
World War II he was developing radar technology with the British Admiralty.
During these years he also started working with the well known Raymond
Lyttleton on problems of accretion of dust and gas around large bodies. This
was the precursor to his later interest in the origin of planetary systems and
his belief that life must be a frequent occurrence in the universe.
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2 Fred Hoyle

In the early 1940s, Hoyle worked on his theory of stellar evolution,
expanding on the work of Hans Bethe on the energy production within stars
via a sequence of nuclear reactions. Hoyle was able to put forward a theory of
nuclear fusion which could even account for the heavy element content in the
solar system. This was an improvement of Bethe’s work.

His work during the War years also brought him in touch with Hermann
Bondi and Thomas Gold. He developed, as a result a continuous creation or
steady state theory of the universe, though his perspective was rather different
compared to that of Bondi and Gold.

Hoyle returned to Cambridge in 1945, after the war as a lecturer in Math-
ematics. In 1946 he authored two seminal papers, one on ‘The Synthesis of
Elements from Hydrogen’ and the other on ‘The Origin of Cosmic Rays’. In
this latter paper he predicted that heavy elements would be found in cosmic
rays, and this was confirmed after twenty two years.

In 1964 the accidental discovery of the Background Cosmic Microwaves
by Penzias and Wilson confirmed the alternative theory of the universe, put
forward most recently by George Gamow. This was a blow to Hoyle’s steady
state theory. Nevertheless, Hoyle continued to believe that the steady state
theory with some modifications would be the ultimate theory. As late as the
mid nineties he put forward along with his former student Jayant Narlikar,
arguments in favor of steady state theory using ideas of electrodynamics.

Undoubtedly Hoyle’s most important contribution to science was his work
on the Origin of the Elements via Nucleogenesis inside stars. In this 1950s
work Hoyle collaborated with William Fowler and the husband and wife pair,
the Burbidges. This work, which has been described as “monumental” earned
William Fowler the 1983 Nobel Prize – but Hoyle was excluded.

I asked Hermann Bondi about the possible reason for this exclusion. His
answer was an endorsement of the view expressed by Nature. The Nobel Prize
to Hoyle, in short, would also sanctify his other off beat ideas, for example
his belief that life must be a frequent occurrence in the universe and that
it had been transported to the earth, for example through bits of comets or
meteorites. Hoyle and his collaborator Wickramasinghe had gone on to ar-
gue that certain epidemic causing viruses were also brought to the earth by
the meteorites. While the Swedish Academy, as a sop later awarded Fred the
prestigious Crafoord Prize in 1997, Fowler himself acknowledged his debt to
Hoyle in his Autobiography written for the Nobel Foundation: “Fred Hoyle
was the second great influence in my life. The grand concept of nucleosynthesis
in stars was first definitely established by Hoyle in 1946.”

Fred Hoyle held many prestigious positions and also received several
honors. He was the prestigious Plumian Professor of Astronomy and Experi-
mental Philosophy at Cambridge, as also the first Director of the University’s
Institute of Theoretical Astronomy. He held these positions till he resigned
from them in 1972 and 1973. He was elected a Fellow of the Royal Society
in London in 1957 and was knighted in 1972. He was also the Member of
the Scientific Research Council from 1967 to 1972. He was the Chairman of
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the Anglo-Australian Telescope Board in 1973. He received several honorary
doctorates, medals and prizes by learned societies and international organi-
zations including the Royal Medal of the Royal Society, the Kalinga Prize of
the United Nations, and the Balzan Prize. He died in Bournemouth in 2001.

Mention must be made of two other facets of Fred Hoyle. He was a prolific
writer on popular science as also science fiction. His “A For Andromeda” was
made into a television serial while his “Rockets in Ursa Major” was produced
as a play.

The other aspect was his study of Stonehenge amidst claims that it was
a primitive astronomical observatory. Fred’s conclusions, were again, radical.
Stonehenge indeed was an observatory of sorts.

At the age of 57, Fred Hoyle retired from his formal appointments in
the UK, though he continued to hold honorary research professorships for
example at the University of Manchester, at Cardiff, at Caltech, at Cornell
and elsewhere.

A few years before Fred passed away he sent me a copy of his Autobiogra-
phy “Home is Where The Wind Blows”. In this he noted, “After a lifetime of
crabwise thinking, I have gradually become aware of the towering intellectual
structure of the world, one article of faith I have about it is that, whatever
the end may be for each of us, it cannot be a bad one.”

Indeed Fred had come a long way since the early years, in which he was
distinctly aethiest. Later his vision developed into one contained in India’s
ancient metaphysics, that the universe is in some all permeating way intelli-
gent.

I had the pleasure of hosting three lectures by Fred on different occasions.
This prompted a peeved response from the head of the British Council who
complained that for several years they had been trying to arrange a lecture
by him, but without success. On one occasion, India’s National Television was
pestering him for an interview, to which he did not agree. At the same time an
Educational Television outfit approached me to request him for an interview.
When I told Fred Hoyle that this was a purely educational television channel,
he readily agreed and spoke at length for about an hour. He made many
interesting points during this interview, one of them being that the world is
a troubled place because science has debunked religion on the one hand, and
on the other hand has failed to provide an alternative.

On another occasion I encountered his radical thinking. There was an ob-
scure hymn from India’s Vedic literature, which if properly understood meant
that the planets Mercury and Venus have phases. This was thousands of years
before telescopes had been made. I asked Fred if this could be so. He thought
awhile and said, “Yes I would say that this is possible. You do not need a
telescope in the usual sense of the word. By placing your eye near the focal
point of a highly polished spherical structure, even with a polished spherical
bottom, you could see the phases quite clearly.” His view was that intelligence
is not a characteristic of modern man alone – even the builders of Stonehenge,
for example, were very clever.
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I graduated at Cambridge University in 1936, the year in which Hubble and
Humason published their famous paper on the redshifts of galaxies. I had
studied mathematics as an undergraduate, taking Part III of the Mathemati-
cal Tripos in my final year, my main topics in that examination being quan-
tum mechanics, statistical mechanics and relativity, the latter both special
and general. So from a student point of view I already knew a little about
Cosmology at the time that Hubble and Humason published their paper. In
particular, I knew about de Sitter’s cosmological model which was to play an
important role in subsequent years.

The worrying situation at that time in cosmology, as it seemed, turned
out to be a relatively minor matter, namely the choice of suitable coordinates.
Even the best-known cosmologists – de Sitter, Eddington and Lemaitre – had
chosen coordinates appropriate to localities in the universe rather than the
whole. This produced a sense of mystery that was more apparent than real
as to what happened at the boundary of a locality. It is one of the features
of Einstein’s general relativity that when you choose coordinate systems with
special properties you can mistakenly come to think of the properties as physi-
cal instead of as mathematical artefacts. Early workers on gravitational waves
thought they were investigating physical waves when in fact the waves were
in their coordinate system, and a similar situation existed in cosmology.

It was also in 1935–36 that this situation was put right, by H.P. Robertson
in the United States and A.E. Walker in Britain and the resulting choice of
coordinates later became known as the Robertson-Walker line element. Then
in 1937 Robertson published an important article on cosmology in the Reviews
of Modern Physics, which unfortunately I didn’t read at that time because
my research interests were in quantum mechanics and nuclear physics.

During the second world war it happened that Hermann Bondi and I
worked closely together, and we continued to do so for a year to two after the
war when we both returned to Cambridge as Junior Lecturers in Mathematics.
My interests were now in astrophysics, and when Bondi decided he was going
to make something of a speciality in general relativity, I joined him in that
study. So it came about that at last in 1945–46 Bondi and I went in great
detail through Robertson’s article in the Reviews of Modern Physics, looking
carefully into its fine points as well as into the broader arguments.

The cosmological models favored by Robertson were of the so-called
Friedmann type, which is to say what today we would call big-bang models,
the idea being that the universe originated suddenly all in a moment. This view
had a fairly wide constituency at that time in the United States, due in a con-
siderable measure to Robertson himself and also to George Gamow, but not in
Europe. Many Europeans felt the theoretical conclusion of a big-bang origin,
arrived at in Robsertson’s analysis, was a product of simplifying assumptions
in the analysis. Notably, it was felt that the assumptions of isotropy and ho-
mogeneity were constraining influences on the problem. Lifshitz in the USSR,
the collaborator of Landau in the famous Landau-and-Lifshitz textbooks, pub-
lished an extremely long and complicated paper, in which he claimed that



Fifty Years of Cosmology 5

because of departures from homogeneity, the big bang was an invalid concept.
And at every conference on cosmology and relativity held in Europe in the
1950s, Otto Heckmann, the Director of the Hamburg Observatory made a
similar claim, at first with respect to departures from isotropy and then with
respect to inhomogeneities. I personally found these claims both disturbing
and irritating, because coming from people of high standing I felt I ought to
understand them and I couldn’t. Heckmann in particular was always telling
me that some especially clever student of his had demonstrated the matter
beyond dispute. Eventually in the early 1960s I had an especially clever stu-
dent of my own in the person of Professor Jayant Narlikar, now of the Tata
Institute of Fundamental Research. The first issues I asked Narlikar to inves-
tigate were the claims of Lifshitz and Heckmann. Rather as I had expected he
found them to be wrong. Narlikar was soon able to offer a simple proof that
departures from homogeneity and isotropy cannot in themselves prevent the
phenomenon of the big-bang. A more ambitious proof of the same result was
given a few years later by Hawking and Ellis. To complete this aspect of my
story, it must have been in 1970 or thereabouts that Narlikar and I published
a very different idea for invalidating the big-bang, namely that the effects of
quantum mechanics would need to be considered at the earliest moments of
the universe, and as such might make the concept of the big-bang meaning-
less. Since then, Professor Narlikar and his students have proved this to be the
case. Because of quantum mechanics there can be no big-bang in the sense
the concept is widely used by those many commentators in the media and
even in scientific journals, commentators who are unfortunately all too often
ignorant of quantum mechanics, or at least of its subtler aspects. To put the
matter a little more technically, because of quantum mechanical uncertainties
in the line element, space time singularities do not occur, a result that is also
applicable to so-called black holes, vitiating many of the things which are
commonly said about black holes.

Meanwhile as early as 1947–48 a few of us in Cambridge were investigating
a new physical idea in cosmology, namely that matter might be subject to a
continuous form of creation. At first, Hermann Bondi would have none of
it, although his close friend Tommy Gold was rather in favor of it. I was
myself neutral to the idea. I realized in 1947, when Bondi and Gold turned to
other ideas, that if continuous creation were to have any hope of acceptance
it would have to be given a mathematical expression. In the latter part of
1947, I came to the conclusion that a new form of field would be needed,
and that a scalar field was not only the simplest possibility but also the most
promising. I wrote the field on paper as a Capital C, and from then on it
became known as the C-field. In January 1948 I found how to use the C-field
in a modification of Einstein’s equations with the result that the equations had
as a particular solution what became later known as the Steady-State model.
This, let me emphasize, was not a static model but one in which the main
features of the universe are steady like a steadily flowing river. The universe
expands but it does not become increasingly empty because new matter is
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constantly being created to make up the deficit produced by the expansion.
By the end of February 1948 I had written my paper, “A New Model for
the Expanding Universe”, in the form in which it was eventually published in
the Monthly Notices of the Royal Astronomical Society, after being rejected
by the Proceedings of the Physical Society and by the Physical Reviews.
On 1 March 1948 I gave a colloquium on the new model at the Cavendish
Laboratory, at which both of the two great pioneers of quantum mechanics
were present, Paul Dirac and Werner Heisenberg. Heisenberg had been invited
to Cambridge for a six-months period, which he had spent at my own college,
St. John’s, and because of this I had got to know him quite well. Possibly this
was the reason why I heard later that, after his return to Germany, he had
said that the concept of a steady-state model was the most interesting thing
he had heard during his stay in Britain.

Naturally I showed my paper to Bondi and Gold: Bondi saw immediately
that his difficulty about the conservation of energy has been answered. The
remarkable thing about the C-field was that its energy density was negative.
As matter with positive energy was created, the energy of the C-field became
more negative. In the flat space time of special relativity this would have led
to a creation catastrophe, with matter being created at an ever increasing
rate as the C-field became more and more negative. But in general relativity,
which is to say with gravitation present, this did not happen. The C-field
use gravitationally self-repellent, so that as matter was created it was forced
apart by the C-field, thereby maintaining a steady balance. Thus at a stroke
two crucial features of the universe were explained, its matter content and its
expansion. Neither had to be arbitrarily assumed, as in the big-bang models
which had been discussed by H.P. Robertson. The universe expanded because
it was forced to expand, not because it had arbitrarily been created in a state
of explosion.

In March and April of 1948, Bondi and Gold then conceived of a remarkable
point of view. Instead of regarding a steady-state universe as a deductive con-
sequence of a set of mathematical equations, as one normally does in the-
oretical physics, they conceived of it as a philosophical axiom, which they
referred to as the ‘perfect cosmological principle’. From their perfect cosmo-
logical principle they were then able to obtain the same geometrical structure
for the universe as I had obtained from the mathematical equations, namely
what is usually known as the de Sitter line element, and thereafter the dis-
cussion became similar in its astrophysical consequences to mine. By about
May I think it was, they had written a paper to this effect which they sent
to the Monthly Notices of the Royal Astronomical Society. In the ensuing
months there occurred the first of the circumstances which have sometimes
caused me to regret that I ever had anything to do with cosmology, for ow-
ing to my paper being rejected by two journals, the time delay involved in
its successive rejections led to its eventually being printed several weeks later
then the Bondi-Gold paper. The lesser aspect of this inversion in printing of
the order in which the papers had actually been written led to a mix-up over
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priority, which was compounded by the fact that Bondi and Gold had actually
discussed the steady-state idea verbally, but without doing anything definite
about it, as early as 1946, ahead of my C-field idea of 1947. So in the general
confusion I was never able, even to myself, to make up my mind as to exactly
how the history should be fairly stated, and in the event I decided to say
nothing at the time, leaving the situation to come out as it would.

Of much more scientific relevance than priority, there was an immense
difference of emphasis between my paper and the Bondi – Gold paper. My
paper simply said: “Here is a new cosmological model to be discussed along
with other models”. Because of their central philosophical axiom, Bondi and
Gold could not take this guarded position. They had to come out and say
assertively that of necessity the steady-state model must be the correct model.
No question about it from their point. This had two main effects: It caused
the theory to be attacked more ferociously than my point of view would have
done, and it provoked far more discussions than mine would have done.

Although throughout the 1950s the three of us were thrown together in
order to defend the theory, I must confess that I did not myself have much
liking for the physical aspects of the ‘perfect cosmological principle’ and al-
ready in 1949 I wrote a paper critical of it. The perfect cosmological principle
required the universe to be unchanging with respect to time. But quite ev-
idently localities within the universe are indeed changing with time. What
was it that decides, I asked, the scale at which there is a change from local
change to universal invariances? This question has lain for almost forty years
unanswered. As I shall indicate at the end of my talk, it may well be the most
relevant question of all, unfortunately asked long before its time. My sugges-
tion in 1949 as to its answer would have been that localities deviating from
a steady-state condition might have dimensions of the order of thirty million
light years. By the early 1960s, Narlikar and I had increased this estimate ten
fold, to about three hundred million light years. Today I would increase it to
at least the greatest distances at which galaxies and quasars are observed.

The 1950s were noteworthy for two quite different developments, one the-
oretical, the other observational. The theoretical challenge was to improve
the mathematical elegance of the theory. I made the mistake myself of stick-
ing to the physical equations, whereas a friend, M.H.L. Pryce, used a more
abstract approach known as an action principle. This gave a better classical
formulation of the steady-state theory.

On the observational side, attempts were made to disprove the steady-
state theory by showing that the astrophysical properties of galaxies change
with time, which is to say with respect to red-shift. Many disproofs were
claimed. Some were withdrawn and others were maintained with increasing
emphasis as the years passed by. Tommy Gold was the most outspoken of
us in reply to these criticisms. He pointed out that the greater the distance
of a galaxy the fainter it became and the more difficult it necessarily was to
make observations accurately. Tommy’s point was that progressively increas-
ing errors with increasing distances were being falsely interpreted as physical
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changes–in other words the claims were artefacts arising from errors of ob-
servation. In all cases known to me, this riposte from Gold has turned out
to be correct. With the much more sensitive observations available today, no
astrophysical property shows evidence of evolution such as was claimed in the
1950s, to disprove the steady-state theory. In particular, the strong claims of
Martin Ryle have turned out to be wrong, as Gold always said they would
be. Technically speaking again, the luminosity function of radio galaxies has
turned out to be invariant with respect to red shift, the opposite of what Ryle
claimed. If all this had been known in 1960, the steady-state theory would
then have been considered proven, and the development of cosmology follow-
ing the discovery of the microwave background in 1965 would probably have
been very different.

In 1963–64 I gave a course of lectures at Cambridge on relativity and cos-
mology in the preparation of which I went carefully over the work of George
Gamow and his colleagues on the synthesis of light elements in a hog big-bang
model of the universe. It seemed that a calculation of the helium/hydrogen
ratio to be expected in such a model could be improved, and together with
Roger Taylor I set out to make the necessary calculations. In such a model
there is a present day microwave background temperature. Taylor and I found
that if we knew this temperature we could calculate a cosmic value for the
hydrogen/helium ratio, and vice versa, if we knew a cosmic value for the hydro-
gen/helium ratio we could infer what the present day microwave background
temperature had to be. But when we examined the astronomical literature
concerning hydrogen/helium ratios determined by astronomical means, we
found a wide range of values corresponding to helium abundances by mass,
ranging from a low of about 15% to a high of about 40%. This was vastly too
broad a range for anything useful to be inferred about a possible microwave
background temperature.

It must have been in 1964 that I was sitting beside Lake Como in Italy,
with Bob Dicke from Princeton University Dicke told me that his group at
Princeton were setting up an experiment to look for a possible microwave
background, and that they were expecting a temperature of about 20 K. I said
this was much too high, because a background – if there was one – could not
have a temperature above 3 K, the excitation temperature of molecular lines
of CH and CN found by Mckellar in 1940. Shortly after that the background
was found at the Bell Telephone Laboratories by Penzias and Wilson, and it
had a temperature almost exactly on Mckellar’s value. The big mistake Bob
Dicke and I had made was not to realise we had it there beside Lake Como,
in our coffee cups. However carefully one guards against it, opportunities like
this come and then slip away through one’s fingers.

The discovery of an actual microwave background made it profitable to
calculate the light element synthesis problem more ambitiously than Taylor
and I had done, and in 1966–67 Bob Wagoner, Willy Fowler and I set our-
selves to do this. Interesting results were confined to just four light nuclei, D,
3He, 4He, and 7Li. From the results we were able to show how astrophysical
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measurements of cosmic values for these light nuclei could be used to infer
the properties of a hot big-bang model, assuming the latter to be correct and
assuming the astrophysical measurements to be truly cosmic. Since then, Bob
Wagoner has periodically updated these calculations, obtaining slightly dif-
fering results as the physics of the problem has changed somewhat over the
years, for example by there being three types of neutrinos instead of the two
types used in the first calculations.

This work with Wagoner and Fowler was my last essay in cosmology by
orthodox methods. For the following eight years, up to 1975, I was heavily
occupied in administration, and since 1975, my thoughts have run in other di-
rections. This does not mean that I have lost interest in cosmology, but rather
that I have sat around waiting for something significantly new to happen.
Despite immense numbers of people swarming into Cosmology in the United
States, in Europe and in the Soviet Union, nothing very profound seems to me
to have happened over the past twenty years. Ask one of the younger genera-
tion what evidence they would offer for the correctness of a hot big-bang model
and the chances are that they would say, first, the existence of the microwave
background, and, second, the synthesis of D, 3He, 4He, and 7Li. After that
there wouldn’t be much to offer. So the situation remains essentially as it was
in 1965–66, which I regard as a distinctly bad omen for the theory. Always in
the past, whenever a correct theory has been established, a decade or more of
rapid progress has been forthcoming, not a state of stagnation, more or less.
Indeed the one interesting thing to emerge in the early 1980s was a partial
reversion to the steady-state model, which came about in the following way.

From a properly based scientific point of view the discovery of the mi-
crowave background did not come as an unmixed blessing to protagonists of
the hot big-bang model. It was soon found that the background had a remark-
able large-scale isotropy. It was almost the same coming from regions of the
sky diametrically opposed to each other, despite such regions never having
been in communication with each other at any time in the past in such a
model. The attempts made to explain this large-scale model is to fall back on
the arbitrary supposition that the background was isotropic because it was
created that way at the origin of the universe. Indeed the model required every
important observable aspect of the universe to be derived from the manner of
its creation, essentially making it just as impossible to understand anything
on rational scientific grounds, as if one were to believe in the first page of the
Christian Bible, which actually, I had to suspect was playing an important
role in the minds of those who supported the model.

Narlikar and I, already in the early 1960s, had given an explanation of
isotropy and homogeneity in terms of the steady-state model, which after
a sufficient number of generations simply expands away initial irregularities,
just as irregular motions in a gas disappear if the gas expands adiabatically to
a sufficient extent. From about 1980 onwards this idea was taken over in what
were called inflationary scenarios. An inflationary scenario has three parts
to it. There is an initial big-bang, then a steady-state phase, even in some
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scenarios, down to the operation of a similar scalar field to that which I had
postulated at the end of 1947, and finally there is a freely expanding phase like
one of the Friedmann models studied by H.P. Robertson. The initial big-bang
has no observable function in such a scenario, for nothing in it lives through
the steady-state phase to come down to us today as an observable entity. The
microwave background, the creation of matter, and the irregularities which
become the galaxies, all belong to the second phase, the steady-state phase.
Thus the initial big-bang is superfluous like the attempts made in the 1930s to
give quantum mechanical system unobservable internal variables in the hope
of restoring determinism. An inflationary scenario functions just as well if the
initial big-bang is omitted, in which case the universe is steady-state followed
by a freely expanding Friedmann model, and is the same so far as astrophysics
is concerned as a model studied by Narlikar and myself in 1966, a model which
we referred to as a ‘bubble universe’.

Our perception differed from an inflationary scenario only, so far as I can
see, in them being dominantly mathematical rather than physical. The equa-
tions which relate the geometrical behavior of the universe to its physical
content and to the creation of matter are non-linear, and it is a mathematical
feature of non-linear equations that as well as possessing non-unique ordinary
solutions they can possess a unique singular solution. What we found was
that our equation had a unique singular solution and it was this solution that
yielded the steady-state model with creation of matter. The ordinary solutions
on the other hand were analogous to models of the Friedmann type without
creation of matter. Our idea in the bubble universe was that there might be
switches in particular localities out of a universal singular solution into a re-
gional ordinary solution, yielding a Friedmann type bubbles embedded in a
steady-state universal ocean. Or of course many such bubbles. The difference
between this model and an inflationary scenario is that our switches in the
mathematical solutions were conjectural, whereas it is now claimed in an in-
flationary scenario that the switches can be understood in terms of modern
supersymmetry theories in Particle Physics. If people generally and cosmol-
ogists in particular would get away from this fixation with a mock-biblical
big-bang and think more about the relation of a bubble universe with Particle
Physics in it, then I think there would be the best chance of relating cosmology
to astrophysics, a relation which to this point has been almost non-existent.

The first big issue to get straight is that the mean density existing in the
basic steady-state cannot be superdense. Superdense conditions with super-
symmetries in Particle Physics playing a dominant role, exist in local objects,
not smoothly everywhere. The typical mean density is that which we observe
in galaxies. Indeed the galaxies are aggregates of material left over in our
particular bubble from its former steady-state condition, a mean density typ-
ically in the range 10−24 to 10−21gm/cm3. Stars condense everywhere in the
steady-state, producing a radiation background with a temperature that can
be calculated to be necessarily around 300 K. In the expansion of our bubble
the mean density has fallen by about a million and the temperature of the
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background by about a hundred. The origin of the radiation background was
simply stellar radiation thermalised by immense quantities of dust.

This picture is close to being proven. Indeed I would say that it is proven,
by the observed fine-scale isotropy of the microwave background. If the back-
ground came from a universal superdense state, where it had uniformity and
isotropy, the later propagation of the radiation in non-uniform gravitational
fields, which must have happened in such a theory when, clusters of galaxies
form, should have produced measurable non-uniformity in the background on
the scale of clusters of galaxies. This is not observed. Production of radia-
tion by stars rather uniformly distributed, and by thermalisation due to dust,
must produce an exceedingly uniform background on the other hand. This is
because the dust, being rather insubstantial in its mass, would be subject to
immense forces due to radiation pressure, were there any appreciable fluctua-
tions in the untensity of the radiation background, causing the dust to adjust
itself, quickly so as to produce a very unform situation.

The conventional notion that life originates on the Earth is the greatest
running farce in scientific history. Anyone with a little physical sense should
be able to see from the complexity and function of proteins that not even a
single enzyme could ever be produced by random processes here on the Earth.
Only if the whole universe is typically at a steady-state temperature of 300 K,
over a very long span of time can the origin of life be understood in rational
terms. The ideas currently held by biologists appeal just as much to irrational
miracles as did the creationists who preceded them.

In the old steady-state theory of the 1950s and 1960s the balance between
creation of matter and the expansion of the universe was thought to be stable.
This I now think was a mistake, caused by regarding the creation process as
being spatially uniform. If, however, creation occurs in localized objects, of
which the quasars are perhaps the still recognizable remnants in our region
of the universe, then quite likely the balance between creation and expansion
is unstable, in which case every locality in the universe would be oscillatory,
approximated to by a closed Friedmann model of finite volume except near
minimum phase when the ambient C-field becomes strong enough to produce
an intense burst of creation at a multitude of quasar-like centres of activ-
ity. The resulting sharp increase of the C-field then blows the locality back
into an expanding phase. On this view the important question becomes to
decide how big are the oscillating localities, thereby determining the period
of the oscillations. On this view our locality, presently in an expanding phase
will eventually fall back on itself, contracting until the mean density rises to
10−24 to 10−21gm/cm3, the temperature of the microwave background rises to
a 300 K, and the C-field becomes sufficient to produce another intense round
of creation and of the birth of a multitude of stars, preceding yet another
expanding phase. The picture is of a multitude of expanding and contracting
bubbles with an immense flash of creation occurring as each bubble reverses
from contraction to expansion, and with the whole ensemble of bubbles form-
ing a kind of dynamic steady-state universe.
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There is a further line of argument to which I attach great weight, that
demands a universe of this type, and which rules out the purely Friedmann
models. Many of our basic physical equations are time symmetric, as for
instance the equations which determine the generation and propagation of
light are time symmetric. The usual assumption that only the past-to-future
solutions of such equations exist in the universe seems artificial and unsat-
isfactory. A theory in which both past-to-future and future-to-past solutions
are generated equally in every local radiation process seems dictated by con-
siderations of completeness and elegance. In such a time-symmetric theory
what we observe locally is a sum of radiation generated locally, of radiation
received from the past and of radiation received from the future. The lat-
ter is an addition to usual considerations, and by including it, the possibility
exists that the sum of the three contributions for a time-symmetric theory
turns out to be the same as for the usual time-asymmetric theory. For this
to be possible, the universe itself must have an overall expansion which is of
the steady-state type. The Friedmann models will not do, they give a wrong
summation. This matter was first discussed some forty years ago, so far as
classical theory is concerned, by Wheeler and Feynman. Narlikar and I showed
in 1968 that the same result holds in non-relativistic quantum mechanics, and
in 1970 we extended our proof to relativistic quantum electro dynamics. The
fact that an overall steady-state structure for the universe permits local radi-
ation processes to be time-symmetric and yet leads to the imposing of normal
cause and effect on the flow of events has always been to my mind a guarantee
that this form of cosmological theory will turn out to be basically correct.




