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Fred Hoyle
Awards
Smith's Prize (1938)
RAS Gold Medal (1968)
Bruce Medal (1970)
Royal Medal (1974)
Klumpke-Roberts Award (1977)
Crafoord Prize (1997)

PUBLICATIONS
About 450 scientific papers, 46 books in several genres

A brief history of Hoyle
• Education: grammar school and Cambridge
(1933-39)
• World War II: theorist naval radar
• Physics of accretion 1939-45
• Nuclear processes in stars 1946-1972
• Cosmology 1948-2000
• Administration 1965-72
• Resignation from Cambridge 1972

Content of this talk
•
•
•

•
•
•

A few remarks on the education
of the future cosmologist
How wartime research shaped
his future as a very great
scientist
Work on the origin in our
universe of the chemical
elements. This is considered to
be his greatest contribution to
physics
Cosmology: the origin of the
Steady State theory and his
opposition to the Big Bang model
His refusal to accept authority,
and controversy that caused
Finale: his achievements and
their lasting impact.

Cambridge student
• Supportive parents encouraged a spirit
of scientific exploration. Books,
telescope, and chemistry in the kitchen
• Stellar undergraduate performance as
a mathematician. Skipped an entire
year
• Accepted as a research student to
work on Fermi’s theory of beta-decay.
Hoyle quickly learns the whole of
nuclear physics, winning a Prize for his
essay on beta-decay.
• 1939 papers win him a Research
Fellowship at St John’s College
• Early in 1940 engaged by The
Admiralty on war work - secret
research on radar..

St John’s College
and River Cam

A wartime collaboration
•

•

•

He devised a method of finding both the
range and altitude of an incoming attacker at
a time when the Royal Navy could not
determine altitude. This undoubtedly saved
numerous lives during the Royal Navy’s
campaigns in the Eastern Mediterranean.
Later Hoyle conducted large-scale radar
experiments on radio wave propagation.
In 1941 he recruited Hermann Bondi to his
theory group. Bondi secures a post for
Tommy Gold who had graduated at
Cambridge with a Pass Degree in
engineering. Gold was able to interpret
blueprints of German submarines smuggled
by the French Resistance.
They all work on astrophysics and cosmology
in their spare time.

Gold, Bondi, Hoyle

What’s inside stars?
• In 1944 the Admiralty sent Hoyle as one of
two British representatives to a secret
meeting on defence radar held in Washington
DC
• Hoyle took advantage of this trip to visit
Princeton Observatory (New Jersey) and
Mount Wilson Observatory, Pasadena
(California)
• Princeton greatly stimulated Hoyle’s life-long
interest in the evolution of stars.
• Walter Baade (Pasaadena) stimulated Hoyle’s
interest in supernovae and nucleosynthesis,
and explained his discovery of stellar
populations I and II
• From late 1945 Hoyle sought an answer to
the following question: why are the elements
that cluster around iron so common in the
universe, and where were they made?
• Baade pointed him towards red giant stars,
because they have a huge central
temperature

Walter Baade

Meet the chemical elements
• Atoms. Are made of electrons and an
atomic nucleus
• The nucleus is made of protons (positive
charge) and neutrons (no charge)
• Elements are made of identical atoms
• The elements differ in the number of
protons
• So: hydrogen has 1 proton; helium 2
protons; lithium 3 protons; … carbon 6,
oxygen 8, sulphur 16, copper 29, silver
47, gold 79…..
• BIG QUESTION: How were they made?
• BIG QUESTION: Why was that a big
question?

Origin of the chemical elements in stars
•

•
•

•
•

•

From late 1945 Hoyle worked alone on the
origin of the elements, aided by the release
of wartime data on the properties of
individual nuclei. One clue came from a chart
of the natural abundance (“commonness” or
“rarity) of the elements (left)
In November 1946 he cracked the physics of
making heavier elements by adding protons
to a carbon nucleus one at a time
That required a temperature exceeding 3 x
109 K to overcome the electrical repulsion
between the inbound alpha particle or proton
and the target nucleus. Red giants provide
this temperature.
At that temperature a nucleus inside a star
has 100,000,000,000,000 as much energy as
at room temperature.
1946 he produced the first paper to suggest
that elements can be made in stars.
Previously theorists thought they were made
in the big bang. He gave a good account of
the abundances as far as iron.
Work almost ignored for eight years

Origin of the chemical elements
The carbon puzzle
•

•

•

•

•

Stars above about 1.2 solar masses
undergo a reaction involving carbon,
nitrogen, and oxygen. Baade had
proposed this CNO cycle in 1938.
The outcome is that four protons are
fused to make one helium-4, as in the
p-p chain
When Hoyle started on the synthesis of
the elements one problem nagged him:
where did the carbon come from?
In the atomic mass range 5 - 8 there
are no nuclei that are stable long-term
in stellar interiors.
Hoyle therefore took the carbon as a
‘given’ in his 1946 nucleosynthesis
papers.
Nuclear astrophysicists knew that
carbon could not possibly be made by
the simultaneous collision of three
helium particles.

Origin of the chemical elements
The Carbon Puzzle
•
•

•

•

•

Hoyle and Fowler. Caltech

•

So, where did the carbon come from?
Two helium nuclei can fuse to make
beryllium-8. This is amazingly shortlived and decays back to helium.
1952 someone suggests an excited
state exists in 8Be. Hoyle shows that
the reaction rate is too slow.
1953 Hoyle at Caltech suggests that
carbon has an excited state at 7.65
MeV, which would allow synthesis from
three helium nuclei.
Fowler confirms Hoyle’s prediction,
and “from then on we took Fred Hoyle
very seriously” as a founder of nuclear
astrophysics.
Hoyle arranged his teaching so that he
could spend at least four months every
year at Caltech. This did not endear
him to his Cambridge colleagues!

The solution to the
origin of elements
1957

•

These four scientists showed that
all of the chemical elements,apart
from the lightest elements, are
made inside stars.

•

They accounted for the
abundances (think of
percentages) correctly, a major
triumph

•

Giant stars end their life as a
spectacular supernova explosion.
The elements they have made are
flung into space,where some of
them get incorporated into new
stars. We are all made of
hydrogen, helium, and stardust!

•
Margaret Burbidge, Geoff Burbidge
Fowler (60th birthday), Hoyle

Cosmology
The Universe - what was understood in the
1940s
• All astronomers agree that the universe is expanding.
Recession of galaxies had been discovered by Vesto Slipher.
Edwin Hubble discovered that the expansion is uniform.
• All astronomers agree that Einstein’s theory - a theory of
gravity - applies to the universe.
• Most astronomers agree that theories of the universe must
include expansion expansion
• Everyone agrees that the universe has some limit
• Most astronomers disagree with each other about the details
• A physicist in the USA has the idea that the universe began in
an explosion out of nothingness. As we shall see, Hoyle
named this model The Big Bang
• Today all astronomers accept that we live in a Big Bang
universe. But getting that agreement was not easy, and it
involved intense, protracted, and personal arguments in
Cambridge.

Cosmology…
…in a cinema!
These three gentlemen went to the cinema every
week.
They saw a movie Dead of Night in which the main
action centres on several recurrent nightmares. (It
starred Michael Redgrave and is available on DVD)
Gold (on the left of this 1960s photograph) joked
“What if the Universe is like that? Note that Hoyle is
on the front row - his favourite location!
This led to the concept of a Steady State Universe, a
notion that the three of them enthusiastically
promoted.
Astronomers had to decide: Big Bang (sudden start),
or, Steady State (has existed for ever)

Gold, Bondi, and Hoyle
Rome IAU

Cosmology
Continuous creation

•
•
•
•
•
•
•

A new theory inspired by the movie: The Dead of Night
In the early 1940s: were several models of the universes
Hoyle: the physics of continuous creation. Explains how it could work. Deals with
problems of conservation of energy.).
Bondi and Gold: the philosophy of the steady state universe
They publish separate papers in 1945. Hoyle’s paper initially rejected, as a result of
which Bondi-Gold appears first
The reception of the steady-state theory: (a) Britain, where the public loved it, the
professionals hated it, and only two or three professionals took it really seriously; (b)
everywhere else ignored it!
Promotion of steady-state ideas at Royal Astronomical Society and international
meetings. The spilling of blood at the RAS is nicely captured in the meeting accounts
published in Observatory.

The nature of the universe - 1949 and
1950
•
•
•
•
•

•

•

The radio broadcast of 28 March 1949
“I have reached the conclusion
that the universe is in a state of
continuous creation”
The first use of the expression “a Big
Bang”, which was NOT pejorative
The 1950 broadcasts on the Third
Programme and the Home Service
The broadcast produces a furious
reaction, involving the Chairman of
the Governors, the Archbishop of
Canterbury, and the Astronomer Royal
The correspondence in The Listener.
The professionals begin to turn
against him. They dislike the way in
which he is promoting an unusual
theory outside the Academy.
Publication by Blackwell. Undreamed
of wealth. Earns six times his
university salary in 1950 alone.
Launches his literary career.

A famous bust-up!
• Martin Ryle read physics at Oxford, had a
distinguished wartime career on airborne radar,
following which he joined the Cavendish Laboratory
for ionospheric research. He had an engineer’s
distrust of mere theorists, whom he regarded as
parasites. Ryle received the Nobel Prize for Physics
in 1974 for his work on radio interferometry.
• 1949 first dispute between Ryle and Hoyle, on
radio waves from sunspots, produces an overreaction from Ryle.
• 1950: Ryle jumps to the conclusion that radio
sources are a new class of star in the Milky Way.
Gold and Hoyle press for an extragalactic
interpretation after the identification of Cygnus A
and Centaurus A. Ryle remains tenacious. Gold
loses his university post at the Cavendish.
• 1952: Hoyle stage manages ridicule of Ryle at an
international meeting in Rome when an American
astronomer produces a spectrum of radio galaxy.
• Radio astronomers now in the cosmology game.
Ryle resolves to disprove Hoyle’s steady state by
counting radio sources, expecting to prove that the
universe is evolving.

The Ryle-Hoyle clash
•

•
•

•

•

Saga of the First and Second Cambridge
Surveys, which Ryle strongly promotes as
having disproved the steady state theory.
Ryle uses high profile occasions to dispute
the steady state theory (Bakerian Lecture
at Oxford, for example). Hoyle quickly
loses all confidence in Ryle’s surveys, the
first two of which are in fact deeply flawed.
The Third survey looks good from Ryle’s
point of view, and the Fourth is correct.
Public humiliation of Hoyle stage managed
by Ryle’s publicist. Permanent rift, deeply
damaging to UK astronomy and to
Cambridge, is the outcome.
Hoyle has by now isolated himself from
colleagues in DAMTP and well as the
Cavendish. He aspires to having his own
department, independent of physics and
mathematics
1963 - Discovery of the microwave
background. End of the steady state
theory

Hoyle’s scientific method
Rejection of authority, of traditional ways of thinking, and
of “generally accepted” assumptions
Great intuition when deciding what problems to work on
(accretion, chemical elements, cosmology)
Spent little time on defending his early ideas
Took risks with assumptions (and presumptions), which is
why his early papers were mauled by referees
Never stopped working, not even on vacations
Great networker, and enthusiast of USA and its
astronomers

And finally …

"Your years of toil,"
Said Ryle to Hoyle,
"Are wasted years, believe me.
The steady state
Is out of date.
Unless my eyes deceive me,
My telescope
Has dashed your hope;
Your tenets are refuted.
Let me be terse:
Our universe
Grows daily more diluted!"

Said Hoyle, "You quote
Lemaître, I note,
And Gamow. Well, forget them!
That errant gang
And their Big Bang—
Why aid them and abet them?
You see, my friend,
It has no end
And there was no beginning,
As Bondi, Gold,
And I will hold
Until our hair is thinning!"

"Not so!" cried Ryle
With rising bile
And straining at the tether;
"Far galaxies
Are, as one sees,
More tightly packed together!"
"You make me boil!"
Exploded Hoyle,
His statement rearranging;
"New matter's born
Each night and morn.
The picture is unchanging!"
"Come off it, Hoyle!
I aim to foil
You yet" (The fun commences)
"And in a while"
Continued Ryle,
"I'll bring you to your senses!"

