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George Gamow was born in the Ukrainian port city of Odessa in 1904. His
family was pretty colourful, at least on his mother’s side, although George
had to rely largely on his father’s accounts to discover this, as his mother
died while he was just a toddler. There was an adventurous battleship
commander in the Gamow clan, and a somewhat less successful astronomer
who was hanged for plotting to assassinate the Russian Prime Minister.
There was an Orthodox archbishop in the mix too. He would hardly have
approved of young George’s teenage experiments with microscopes and
Holy Communion wafers. He was looking for evidence of the
transubstantiation of bread into the body of Christ. ‘I think this was the
experiment which made me a scientist.’

The ill-equipped local university at Odessa was no fit place in the 1920s
for a bright young man. Gamow’s father sold all the worthwhile possessions
he had, including the family silver, and sent George to Petrograd where he
could pursue his studies in physics. He paid his way by teaching basic
science to Soviet Red Army cadets, meanwhile pretty much coasting
through his undergraduate work and skipping most of his lectures. He
preferred instead to hang out with a coterie of like-minded bright slackers
nicknamed the Jazz Band. Even as the city around them was renamed
Leningrad, they seemed unconcerned at the dangers of flaunting their
Bohemian style, watching silent movies, playing tennis and childish parlour
games, and drinking in dubious dens. Lenin and his fast-rising lieutenant
Stalin were keen to repress the slightest signs of bourgeois rebellion, yet
also determined to hasten the modernisation of the Russian empire’s old-



fashioned and largely rural economy. They wanted factories, steel mills,
machines, hard-edged technology.

The Soviets had dismantled the Tsarist trappings of luxury and privilege,
but some of the institutions left over from the days when Russian academic
life was inspired by the Napoleonic French example still survived. The
Academy of Sciences, for instance, maintained many of its old privileges.
Science was one of the main tools with which the Soviet leadership hoped
to forge a new and modern Socialist paradise. And so the strange
circumstance arose in which Russian scientists were allowed the freedom to
travel abroad and soak up new ideas from foreigners, even in the very heart
of the capitalist West.

In August 1928 George Gamow arrived penniless and homeless at the
Niels Bohr Institute in Copenhagen. He had spent a productive year in
Göttingen absorbing the latest theories from the champions of quantum
mechanics, and now he wanted to explain to Bohr his startling new
explanation for radioactive decay. It had to do with those sudden quantum
‘jumps’ that Bohr had described. So far, Rutherford and other investigators
had been fooled, as it were, by the apparent violence with which alpha
particles were thrown out of a radioactive nucleus. Rutherford’s muddled
explanation for this had confused everyone, not least himself. Gamow
realised that the quantum theorists had been busy looking at how orbiting
electrons behave, but because they weren’t really experimentalists, they
hadn’t played around much with the nucleus. What, he argued, if the
nucleus could also be described in quantum terms? If an electron could
jump from one orbit to another without occupying any intermediate half-
and-half orbits, then could an alpha particle jump (or ‘tunnel’) just as
suddenly from being inside the nucleus to being outside of it? Then the
charges on the newly isolated particle would be repelled by like charges in
the remaining nucleus, and the orphan fragment would hurl across space �D�V
�W�K�R�X�J�K it had been violently ejected. But Gamow argued that the actual
business of pushing it through the door and out of the house, so to speak,
never really happened. Radioactive decay was just another sudden quantum
jump from one state to another.

Bohr listened, then straight away signed Gamow to the Institute for a
year’s work. Gamow thought he had landed in physicist’s heaven. Barely
four weeks after receiving such a warm welcome, he had the shock of his
life. In the latest copy of the weekly London science journal �1�D�W�X�U�H, he read



with a sickening sensation the following words: ‘Much has been written of
the explosive violence with which the alpha particle is hurled from its place
in the nucleus … one would rather say that the alpha particle slips away
almost unnoticed.’ Quite independently of Gamow, two Princeton
University researchers, Ronald Gurney and Edward Condon, had also
worked out that Schrödinger’s wave equations might be used to describe
radioactive decay, literally by smearing the distinction between ‘inside’ and
‘outside’ the nucleus into a wave of probability rather than a hard boundary.
Gamow had been beaten to the post. Bohr acted swiftly to ensure that his
new young recruit would still have a chance to publish something
worthwhile before all his thunder was stolen. But if he’d nearly lost that
race, his most dramatic contribution now would be to turn his earlier ideas
on their head. How could you get a particle �L�Q�W�R the nucleus?

The quantum mechanics in Europe had focused their attention almost
entirely on electrons and photons. Meanwhile, ever since that incredible day
in the spring of 1911 when alpha particles had rebounded from gold foil
like 15-inch shells bouncing off tissue paper, Ernest Rutherford had tried to
learn more about the nucleus, his ‘gnat in the Albert Hall’. Progress had
eluded him. The great powerhouse New Zealander appeared to be losing his
boom. Part of the problem, he believed, was that the instruments in his
laboratory were not sufficiently powerful. The naturally occurring
radioactive sources for alpha and beta particles were, by and large, too weak
and random in their emissions. They could not easily be calibrated as a
precise instrument for bombarding targets. The whole business of counting
scintillations in the dark was subject to human error, human tiredness. It
was all too easy to miss important scintillations, or to imagine sudden tiny
sparks in the dark that had no reality except in the overworked mind’s eye.

And anyway, the nuclei simply refused to yield up their secrets. They just
wouldn’t break. In 1919 Rutherford did find something incredible when he
bombarded nitrogen gas with alpha particles, even if it was not quite what
he expected. He ‘transmuted’ nitrogen into different elements by splitting
the nitrogen’s nucleus, knocking out protons (the carriers of positive charge
in the nucleus) and forcing the alpha particles to combine with the nitrogen
fragments left behind, making oxygen and hydrogen. The results were too
sporadic to be of much further use. He could find no consistently reliable
way of splitting nuclei to reveal more of their secrets. The papers from his
lab began to adopt a somewhat forlorn tone. ‘Unfortunately the amount of



disintegration [is] very small … Unfortunately, on account of the small
number of particles ….’ Two years later, the great J.J. Thomson resigned as
head of the Cavendish Laboratory to become the Master of Trinity College.
Rutherford agreed to replace him, initially reluctant as he thought that
Thomson must surely want to keep control from the sidelines. J.J. assured
Rutherford that he would have a free hand.

By 1927 Rutherford was actually starting to lose his nerve about cracking
open the nucleus. Some of his lectures became, if not incoherent, then
certainly unconvincing. His attempt, that year, to explain how alpha and
beta particles were emitted by radioactive substances such as radium and
uranium were so muddled that one of his presentations actually made his
loyal audience squirm in discomfort. In 1929 Bohr despatched Gamow to
the Cavendish with his intriguing new ideas about how to tamper with the
nucleus.

Big science
Seventy years ago the Cavendish was one of the most renowned physics
laboratories on earth. ‘Oh, we’re just playing with marbles’, Rutherford
would joke, all the while in fact being immensely proud of what he saw as
the real work of physics: actually exploring the behaviour of physical
things. ‘All science is either physics or stamp collecting’, he famously
remarked. Heisenberg, Schrödinger and Einstein may have produced
brilliant theories, and Rutherford certainly absorbed them, but at the same
time he wished he could dispense with some of their wilder abstractions.
Whenever a new quantum mechanics scheme emerged from the Continent,
he’d mutter: ‘Watch out, the thinkers are on their hind legs again.’ And if
any of his young assistants began to speculate about the big questions, such
as the ultimate origins of existence, he’d complain: ‘I don’t want to hear
any talk about the universe in �P�\ department!’ He was in love with his
practical devices, the vacuum tubes, cloud chambers and scintillation
counters and all the other bench-top machinery pioneered at the Cavendish.
Yet none of these tools could solve the biggest problem. The nucleus could
be chipped, but still it would not break.

Rutherford decided that if he was going to try to smash nuclei apart to
study their sub-components, he needed to hit them so damned hard that his



‘trusty right hand’, the alpha particle, wouldn’t simply rebound off them.
Given the positive charge of alpha particles (helium nuclei) they could be
steered by electric and magnetic machinery. Could they perhaps be boosted
and accelerated? Yes, but it would take a great deal of electrical power: far
more than any battery or mains electrical supply commonly available.

In November 1927 Rutherford attended a meeting of the Royal Society at
Burlington House in London, where he announced his idea for an incredible
new scientific instrument. Its task was to generate a massive
electromagnetic field that could repel freshly-manufactured charged
particles and catapult them towards their targets at significant fractions of
the speed of light. Thinking initially about electrons, he had in mind a
device somewhat like J.J. Thomson’s cathode ray tube, but on a much
grander scale. As usual, a difference in the electrical potential between a
cathode at one end and an anode at the other would cause electrons to come
streaming across the gap. They could then be harnessed and steered by
electromagnets and used as high-velocity bullets to smash targets.
Variations on the device would accelerate alpha particles or protons (ionised
hydrogen atoms stripped of their electrons) injected into the tube. But the
magnitude of the electrical energies Rutherford had in mind was staggering.
He wanted a power source delivering up to 8 million volts’ worth of
difference between the plates. This was in an age when half the houses in
Britain were still lit by gas lamps, so there was no question of simply
plugging such a machine into the wall socket. For the first time in its 60-
year history, the Cavendish wanted to design a scientific instrument that
was entirely beyond the scope of its hardworking laboratory technicians
alone to build out of wood and glass and copper.

As soon as Rutherford had announced his grand ambitions, a junior
colleague, the young Irish-born physicist Ernest Walton, tried to produce a
flow of super-fast electrons. He thought he could dodge the need for
millions of volts by exploiting just the modest electrical energies already
available from the Cavendish’s generators and battery accumulators. The
most these could come up with was about 300,000 volts, but Walton’s
clever idea was to accelerate his electrons not just once but thousands of
times in succession by sending them around a ring-shaped track, all the
while suspended in an electromagnetic field. At the same time they would
be driven forward by the rapid-cycling polarity of the field. The electrons
would pick up an extra kick of speed every time they made a circuit. Walton



was on to an important idea, but he couldn’t work out how to keep fine
control over the magnetic containment coils surrounding his device. The
electrons smashed into the walls almost as soon as they entered the ring.

In 1928 Walton and his colleague John Cockcroft gained Rutherford’s
approval to build a ‘linear accelerator’ so that they could try to smash
nuclei with proton bullets. The lab turned to private industry for help in
developing this more powerful equipment. The nascent electrical industry
was far from becoming the ‘national grid’ we take for granted today.
Nevertheless, a serious effort was being made to wire up a greater
proportion of domestic homes, and of course to power industries more
efficiently. A 1926 Act of Parliament created a new entity called the Central
Electricity Board. The Metropolitan-Vickers company in Manchester was
one of the main suppliers of huge generators, capacitors, transformers,
electromagnets and the other heavyweight paraphernalia of the electricity
business. ‘Met-Vick’ even had its own high-voltage research laboratory.
Rutherford and his team at the Cavendish drew increasingly on the
expertise of these industrialists. The Royal Society made an impressive
grant of some £15,000 to expand the Cavendish’s somewhat gothic
Victorian pile of a building so that it could accommodate the new
equipment. The Department of Scientific and Industrial Research, a
government arm established towards the end of the 1914–18 war, also
contributed a number of grants. The era of ‘big science’ had arrived, and
with it came an increasing burden of administration for Rutherford, which
he did not welcome.

By 1930, as the accelerator machinery began to take shape, George
Gamow had joined the Cavendish for a year’s visit, strongly encouraged by
Bohr. The blond-haired Ukrainian with thick-lensed glasses and a high-
pitched and chaotic multilingual way of talking impressed Rutherford for
all the wrong reasons. His ramshackle British-made BSA motorcycle
threatened to kill any number of Cavendish people, not by running them
over but by tipping them off, as they lined up enthusiastically to try to ride
the thing. Bohr also paid a brief visit and, spurred on by Gamow, took a
turn on the BSA during a Sunday tea at the Rutherfords’ house, bringing
traffic to a halt as he skidded the bike. Mary Rutherford was unimpressed,
and her husband likewise was less than thrilled.

Gamow’s theories did not at first make quite so strong an impression as
his mischievous personality. The Cavendish experimenters took on board



his idea that a quantum jump might just as easily insert a particle into a
nucleus as eject it. They knew, in principle, that it might take nothing more
than, as it were, nudging a particle alongside a nucleus and waiting for it to
make that jump from outside to in, at which point something interesting was
bound to happen. They knew that if Gamow was right, this should be
achievable at quite low voltages. And yet they clung to their dream of
hitting the nucleus with colossal force. Rutherford had told the 1927
meeting of the Royal Society that the Cavendish hoped one day to explore
aspects of nature that ‘far outstrip our puny experiments in the laboratory.
What we require is an apparatus to give us ten million volts which can
safely be accommodated in a laboratory.’ For now, there was the prospect of
reaching only 300,000 volts with Walton and Cockcroft’s proton
accelerator. It would be enough, Rutherford believed, to obtain a few
encouraging results and get the new technology moving in the general
direction of the mega-voltages he wanted.

It took more than two years for Walton and Cockcroft to build their
accelerator. In April 1932 it was ready. There was a roomful of strange
equipment and a large table covered in dials and switches, so that the whole
scene was strikingly reminiscent of a Boris Karloff science fiction fantasy.
But the heart of the machine would have been recognisable to any cathode
ray tube experimenter from the late Victorian era. It was essentially an
eight-foot-long glass tube, mounted vertically, and with a large wooden box
at floor level into which the experimenters could crawl to monitor their
instruments.

Rutherford was impatient by now. He had invested a great deal of his
laboratory’s prestige on the accelerator. He was aware, too, that
experimenters in the United States, led by Ernest Orlando Lawrence at
Berkeley in California, were on the verge of catching up. One day in early
April 1932 he stormed into the lab and flung his wet overcoat onto a
convenient nearby protrusion. It was a live electrical terminal, and he
promptly gave himself a nasty shock. His temper now at boiling point, he
shouted at everyone to ‘get those protons moving!’ His ire was a little
unfair. Although it was fully constructed, the accelerator had to be
calibrated before any of its results could make sense, and its complicated
scintillation counters and detectors needed more work. Rutherford wanted
to see the machine in action immediately, so Walton and Cockcroft installed



an old-fashioned zinc sulphide screen in a single afternoon. This technique
was so antiquated by now that Walton had never even seen one before.

On the morning of 14 April, Walton made the first operational run. At
one end he placed a lithium target, which he then bombarded with protons,
pushed along by a cautious starting voltage somewhat less than the
machine’s full capacity. Crawling across the floor of the darkened
laboratory and squeezing himself into the little observation box at the base
of the accelerator stack, Walton put his eye to the microscope and was
amazed to see the little zinc sulphide screen aglow with dozens of little
sparks. Then hundreds. Then so many there was no possibility of even
guessing how many flashes there were. Walton was so surprised, he crawled
out of the box and groped his way to the control table on the other side of
the darkened lab and switched the entire machine off. Then he went back
into the box, just to check that the screen had gone dark again. It had. He
repeated his crawl, switched the system back on, checked the screen. Once
again it was aglow with uncountable scintillations. This was an
unimaginably stronger result than Walton or anyone else had expected from
the accelerator, especially at such minor voltages.

Rutherford was summoned, and squeezed his by now somewhat portly
bulk into the observation box. His deep voice thundered across the room:
‘Switch off the proton current! Increase the voltage! Switch on the current!
Off again! On!’ And so on, until he, too, was satisfied that the machine had
worked beyond his wildest hopes. ‘Those scintillations look mighty like
alpha particles to me’, he said. ‘I should know an alpha particle scintillation
when I see one. I was in at the birth of the alpha particle!’ Rutherford’s
habitual troop-rallying cry of ‘Onward Christian Soldiers!’ was untempered
by the sign which his colleagues had suspended from the ceiling of the lab:
�7�D�O�N���6�R�I�W�O�\���3�O�H�D�V�H.

The atomic arithmetic was easy to work out from the traditional periodic
table of elements. The protons were essentially hydrogen atoms, minus the
negligible mass of their electrons. The protons, therefore, had an ‘atomic
number’ of 1. Lithium’s atomic number was 3. An alpha particle (helium
nucleus) with its pair of protons was 2. Protons were adding themselves to
the lithium nuclei, then �V�S�O�L�W�W�L�Q�J them into two alpha particles. And all with
the unexpectedly low power input of barely 200,000 volts. Unexpected, that
is, by everyone except George Gamow, now back in Russia and unaware,
for the moment, of this new development. It wasn’t brute power so much as



the sheer �Q�X�P�E�H�U of protons, a hundred million million per second, that had
done the trick. The accelerator had thrown the quantum dice again and
again so that thousands of protons had made their magical jumps into
lithium nuclei, even if so many millions more had simply bounced off their
targets.

The nucleus had been split. Rutherford swore his people to secrecy. It
was vital, now, to publish something in advance of the Americans. A hasty
five-paragraph letter to the weekly London magazine �1�D�W�X�U�H was prepared
for publication: ‘Disintegration of Lithium by Swift Protons.’ Once
Rutherford was satisfied that the letter was scheduled to hit the presses
ahead of anything the Americans might publish, he made an announcement
at his favourite venue, the Royal Society, on 28 April. Immodest though he
often was, he made sure on this occasion that Walton and Cockcroft
received all due credit.

The first mass-market newspaper to run the story for public consumption
was a trivial ragsheet called �5�H�\�Q�R�O�G�¶�V���,�O�O�X�V�W�U�D�W�H�G���1�H�Z�V. Its headline for
Sunday 1 May 1932 read: SCIENCE’S GREATEST DISCOVERY. The somewhat
loosely informed text said that ‘the dream of scientists has been realised.
The atom has been split.’ The more serious newspapers took up the story
with equal enthusiasm. The public knew very little about atoms, but they
did understand that these were the fundamental building blocks of all
existence. If human guile could break them, this was god-like work indeed.

Rutherford thought that all this talk of ‘splitting atoms’ was trivial. He
and his fellow researchers had been splitting them for years. Every time
they made an ion by shredding electrons, they were essentially splitting an
atom. No, it was the splitting of the �Q�X�F�O�H�X�V that counted. And there was
something more: something in the voltages. Recall that Walton and
Cockcroft’s machine had hurled protons at a fairly modest voltage. When
the Cavendish team at last managed to install some properly calibrated
detectors at the bottom of the stack, they discovered something momentous.
They were shocked by how far the liberated alpha particles penetrated into
a Wilson cloud chamber once they had flown out of the shattered lithium
nuclei. Whenever a single proton successfully hit a lithium nucleus at
200,000 volts, two alpha particles rushed out as if propelled by 8 million
volts each: a combined total, per lithium atom, of 16 million volts.

We have to switch once again to a human-scaled picture. Imagine
dropping a bowling ball (one of the protons in the accelerator beam) gently



into a sack containing three more bowling balls (the trio of protons in the
lithium nucleus). You would be surprised if the sack suddenly burst apart
with incredible violence and two pairs of balls came hurtling out at
supersonic speed and smashed into the walls of your bowling alley,
embedding themselves deeply into the brick and plaster. This is what the
liberated alpha particles had done.

The Cavendish team worked out that the disintegration of the lithium
nucleus into two alpha particles accounted for almost all the original mass.
But not quite. Two per cent of the mass had vanished. This, they realised,
had been converted into the energy required to throw those alpha particles
out of the nucleus with such staggering force. It was as if an unimaginably
powerful pent-up spring of energy had been released. It was the first
practical demonstration that Albert Einstein’s famous equation, E = mc2,
was correct. Matter was indeed an incredibly compacted form of energy,
and the compression factor was the square of the speed of light. An
infinitesimally small amount of matter could be persuaded to release a vast
amount of energy. There was the awesome prospect that you could get far
more energy out of the system than you put in. The shock was how �H�D�V�\ it
was, and how little ‘smashing’ had to be done to open up the atom’s heart.

Our generation sees the atomic bomb emerging as if by some inevitable
force of history from the Cavendish experiments. Rutherford saw a few
nuclei disintegrating, but he couldn’t visualise how the accelerator might be
harnessed in any practically useful way, except as a very splendid scientific
tool for learning more about the atom. On a particle-by-particle basis, yes,
the energies now obtainable by the Cavendish were staggering, but
basically the whole drama began and ended at a sub-microscopic scale that
you could just about see through the eyepiece of a scintillation screen.
There seemed no obvious way of scaling any of this up to the level of
atomic power stations, let alone bombs.

The hidden weight
By the 1920s the Cavendish team knew very well that, although all atoms
of the same element might behave the same way chemically, they were not
necessarily identical. Francis Aston, a handsome bachelor keen on skiing,
rock climbing, tennis and swimming, who could also play the piano, violin



and cello, devised an ingenious machine for grading atoms by mass. His
‘mass spectrometer’ measured how ionised gas molecules flying through
the system were deflected in their path by a magnetic field, with heavier
molecules being less affected as they hurtled past than lighter ones. The
molecules would finally slam into a detector screen, hitting different
positions on the screen according to how far, or how little, they had been
deflected. Since the missing electrons torn away in the ionising process
were only an insignificant proportion of the overall mass of an atom, any
difference in mass between otherwise identical atoms had to depend on
something in the nucleus: something with no positive charge to it, no
negative charge, and no chemical influence either. The mystery was solved
in February 1932 by James Chadwick, just a few weeks before the
Cockcroft–Walton accelerator won its great triumph.

Chadwick came from a poor background, and when he was accepted into
Manchester University in 1908, he had to walk four miles there and back
each day from his home. He was unable to participate in any of the
university’s social life or extra-curricular activities. He wasn’t even on the
right course. He was so shy that he hadn’t the courage to correct the
University’s clerical error which sent him into a physics course instead of
one for his chosen subject, mathematics. He was sufficiently beguiled to
remain in physics, and in 1913 travelled to Berlin to work with Rutherford’s
former collaborator Hans Geiger. Then came the war, transforming
Chadwick overnight from a welcome visitor to an enemy alien. He was
hauled off to an internment camp, where the conditions were pretty harsh.
He was allowed to study his books and make a few crude experiments from
whatever bits and pieces of equipment he could beg for, but there was no
question of meeting or working with other scientists, least of all Germans.
He lived with four other interns in what amounted to little more than a
horse stable. There was little food, and the cold winters nearly killed him.
When he was at last repatriated to England, Rutherford offered him a job in
Manchester. He was desperately impoverished and in poor health, but when
Rutherford left Manchester to head the Cavendish, he brought Chadwick
with him. In 1921 he was appointed Assistant Director of Research. By
1925 he was married, and even building a small house.

Chadwick and Rutherford already suspected that something
approximately the same mass as a proton must exist inside a nucleus, even
if it was fiendishly hard to identify. Some of Chadwick’s tests on



radioactive materials had yielded puzzling results when the radiations
collided with target substances. Along with the usual alpha and beta
particles, he had encountered another component, a mysterious radiation
with too much momentum to be explainable as x-rays or gamma rays. ‘If
we suppose that the radiation consists of particles of mass very nearly equal
to that of the proton, all the difficulties connected with the collisions
disappear’, he wrote. But the positively-charged protons and negatively-
charged electrons in the atom were all accounted for. In February 1932,
when Chadwick bombarded beryllium targets with alpha particles, the
fragments that flew out ionised some of the hydrogen atoms suspended as
gas in a sealed chamber; but he also found particles that passed right
through the experiment without leaving ionised trails. Yet they had mass.
He had discovered the neutron. He found, too, that neutrons had an
incredible penetrative power. They could even punch deep into lead.
Unimpressed by the attractions and repulsions of charged particles all
around them, neutrons could slip through dense walls of atoms as though
they were cobwebs. There was nothing in an atom to attract it, and nothing
to repel it. Yet when neutrons resided peacefully in a stable nuclear heart,
they contributed half the mass, and sometimes more. The heavier or lighter
‘isotopes’ of otherwise chemically indistinguishable atomic elements now
had their explanation. The next great drama in the atomic story depended on
the neutron. The scene was set for one of the most intimate and at the same
time tragically treacherous double-acts in the history of physics.

Lise Meitner
In 1907 a delicate and painfully shy dark-eyed young Austrian student
named Lise Meitner arrived in Berlin, fresh from her remarkable triumph of
becoming the first woman to gain a Ph.D in physics at the University of
Vienna. She hoped to study under the great Max Planck, while pursuing her
interest in the new field of radioactivity. Planck was unsure about admitting
a woman to his classes, but relented when Meitner turned out to be such
charming company at his private musical evenings. A somewhat younger
and more handsome man than Planck was also intrigued: Otto Hahn, a
chemist who had trained with Ernest Rutherford at McGill in Montreal.
Hahn too was working on radioactive substances. A talented experimenter



and subtle careerist, he nevertheless lacked the theoretical depth and
analytical intelligence he needed to propel him to greatness. Young Lise, he
quickly understood, possessed these traits, yet was in obvious need of an
ally in this strange new city. He proposed they should join forces. He would
make the chemical separations required to obtain the purest samples of
radioactive elements from the crude ores available, and Meitner would
investigate their physics.

An intimate partnership developed. Or at least, it seemed to be intimate.
The pair were never lovers, and they carefully observed all the social
niceties so that no scandals might surround them, yet they were often heard
singing duets together in their laboratory and generally sharing a deep
closeness, comradely and intellectual if not actually physical. When Hahn
suddenly married a young art student in 1912, Meitner told her other friends
that she was unconcerned. Not many people believed her.

Hahn and Meitner shared a lab in the basement of the University of
Berlin’s Chemistry Institute. It was the only out-of-the-way work space that
the misogynist authorities would permit Meitner to inhabit, and it took all of
Hahn’s charm to achieve even that. Even so, Meitner made an impression
and quickly rose to academic respectability under Planck’s increasingly
enthusiastic patronage. This didn’t go unnoticed at the Chemistry Institute,
which moved swiftly to improve Meitner’s working conditions. By the
beginning of the First World War in 1914 she and Hahn were making
excellent progress in the newly-founded ‘Hahn-Meitner Laboratorium’.

Both survived the war years, even though Hahn saw active service and
Meitner drove ambulances across the battlefields. Working together on and
off throughout the 1920s and early 1930s, they made wide-ranging
contributions to the study of atoms, including the discovery and purification
of hitherto unknown elements: gaps in the heavy end of the periodic table.
Then they raced against rival teams in Germany, Paris and England to
identify a new and extremely penetrating kind of radiation, stimulated when
alpha particles bombarded light elements such as beryllium and lithium.
Finally, in 1932 Rutherford’s former pupil James Chadwick worked out
what this radiation really was: the neutron. In time, Meitner would
understand the neutron’s true power. First she had to adjust to some
terrifying changes in Germany.



In Hahn’s way
Meitner’s Jewish origins threatened her prospects after Hitler came to
power in 1933, but since she had been born an Austrian citizen, she thought
she might be safe. She was desperately unwilling to abandon all the work
she had done in Berlin, and imagined that the hard-won status she had
achieved among her fellow academics could protect her. When Germany
annexed Austria in 1938, Meitner became a German citizen by default. Her
rivals within the Chemistry Institute could now whisper a little more loudly:
‘The Jewess endangers our Institute.’ Alarmed, she talked the matter
through with her old friend and colleague Hahn, who promised to try to
help. He then requested a private meeting with the chief administrators of
the Institute. And he agreed with his superiors that they should get rid of
Meitner.

The science writer David Bodanis identifies one of Hahn’s essential
characteristics: ‘To say that people have been charming, as he had been all
his life, is simply to say that they’ve developed a reflex to do what will put
the individuals around them at ease. It says nothing about their having a
moral compass deeper than that.’ Hahn had failed Meitner to the utmost
degree that one person can betray another. Shocked and terrified, she made
her way to Sweden, slipping past the German border guards with her old
and recently expired Austrian passport. Fortunately they did not choose to
ask too many questions, and Meitner escaped. She could very easily have
ended up in a concentration camp, yet her attitude towards Hahn was
remarkably forgiving, and she somehow persuaded herself that he had acted
out of necessity.

Given the terrifying pressure on all German scientists to comply with
Nazi ideology, perhaps Hahn’s move to evict her was unavoidable. The
strange collaborators continued writing to each other, and even held a
meeting in Copenhagen. Meitner’s career prospects in Sweden were
limited, and she had no access to the kind of laboratory she needed; so she
arranged to write detailed notes to Hahn, while he conducted practical
experiments back in Berlin, aided by his and Meitner’s former assistant
Fritz Strassman.

The two men discovered that bombarding uranium with slowed neutron
beams produced apparently new and lighter subatomic components,
although they could not immediately identify them. It all seemed too much



at variance with what they thought they might find – uranium atoms
transmuted into heavier isotopes by the insertion of extra neutrons. Hahn
made a difficult chemical analysis of the extremely tiny products created by
the experiments, and concluded that one of them might be barium. None of
the calculations made any sense. It was just about conceivable for elements
to be transmuted from one to another so long as the newly formed products
had a similar atomic weight to the first one, but barium was half as light as
uranium. It seemed too much of an alchemical leap. Puzzled and excited in
equal measure, Hahn wrote to Meitner a few days before Christmas 1938,
asking what all this might mean, and promising her that ‘if there is anything
you could propose that we publish, then it would still be work by the three
of us. You will do us a good deed if you can find a way out of this.’

It dawned on Meitner that something extraordinary had happened. Hahn
and Strassman had shattered massive uranium atoms using even slower-
moving particles than Walton and Cockcroft had employed to break
lightweight lithium nuclei. Slow neutrons insinuated themselves into the
uranium nuclei and upset the balance between the protons’ powerful desire
to repel each other and the nuc-leus’s equally powerful grip on them, via a
binding force called the ‘strong nuclear interaction’. Even before an
additional neutron was added, a uranium atom was already a precarious
thing. The rarest isotope, uranium-235, was overloaded with 92 protons and
143 neutrons. The extra neutron’s insertion might have been unexpectedly
delicate, but the subsequent flying-apart of the uranium nuclei was
dramatically less so. But why did the gentle insertion of a neutron deliver
such a spectacularly violent disruption? Where did the immense energy
come from, when the invading neutron had been moving so sluggishly?
Meitner recalled a meeting with Albert Einstein at a conference in Salzburg
back in 1909, and recalled his ‘overwhelming and surprising’ prediction
that matter was essentially a supercompressed form of energy – energy that
could be released, so that it would appear startlingly greater than you might
ordinarily expect from the tiny speck of matter that produced it. (Likewise,
the Cavendish team had been startled by the violence of the alpha particles
that flew out of shattered lithium nuclei in Cockcroft and Walton’s
accelerator experiments.)

Meitner’s nephew, the young physicist Otto Frisch, another exiled
German, had found refuge at Bohr’s Institute in Copenhagen. Now he
rendezvoused with his aunt at a quiet holiday cottage on the Swedish coast,



lent to her by sympathetic friends; and here, surrounded by deceptively
calm natural beauty, they discussed the incredible implications of breaking
atoms apart. ‘The uranium nucleus, we found, might indeed resemble a very
wobbly, unstable drop of water, ready to divide itself at the slightest
provocation, such as the impact of a single neutron’, Frisch recorded. When
a uranium atom was shattered, its exploded fragments apparently consisted
of two new nuclei, roughly equal in size. The energy for this great burst did
not have to be supplied from outside the experiment. It was already
contained �L�Q the atom. What was more, there would still be two or three
neutrons left over from this split, and these would be travelling slowly
enough (liberated, rather than hurled) so that they could slip into the nuclei
of adjacent uranium atoms, upsetting their internal balances, and so forth, in
a chain reaction that Frisch likened to the splitting or �I�L�V�V�L�R�Q of breeding
bacteria.

As he later recalled, when he and Meitner accounted for all the protons
and neutrons in the uranium atom, something was still missing. ‘My aunt
worked out that the two nuclei formed by the division would be lighter than
the original uranium nucleus, by about one-fifth the mass of a proton. Now
whenever mass disappears, energy is created, according to Einstein’s
formula E = mc2.’ One-fifth of the mass of a proton seemed a very small
amount of matter. On the other hand, the square of the speed of light is an
unimaginably huge number. Atomic fission could liberate vast amounts of
energy …. Three days into the New Year, Meitner sent a telegram to Hahn:
‘I am fairly certain now that you really have a splitting, and I consider it a
wonderful result for which I congratulate you and Strassman very warmly.
You now have a wide and beautiful field of work ahead of you.’

Frisch returned immediately to Copenhagen and told Bohr the news.
Bohr was in a mad rush packing for a trip to America. He had a great talent
for nearly missing trains and ships, and he listened excitedly to Frisch’s
news about fission while still packing his bags. ‘What idiots we have all
been! Oh but this is wonderful! This is just as it must be!’ What with all the
business of checking his travel documents and so on, he paid slightly less
attention than he should have done to one small detail. Meitner and Frisch
hadn’t published their ideas yet, so the news was supposed to be kept secret.
Once aboard his ship, Bohr told an associate the news, and in his
excitement he forgot to enforce the secrecy. The news hit America, where it
created an absolute sensation, much to Bohr’s embarrassment. Journalists



were clamouring for more information, and it was becoming impossible for
him not to talk about it. He wrote a guilt-stricken letter to his wife
Margarethe: ‘I was immediately frightened, as I had promised Frisch I
would wait until Hahn’s paper appeared, and his own was sent off.’ He also
cabled Frisch in Copenhagen, urging him to publish his and Meitner’s
calculations as soon as possible.

On 26 January 1939, the Fifth Washington Conference on Theoretical
Physics was held at George Washington University – the prior engagement
which had caused Bohr to head for America in the first place. Just in time,
he learned that Otto Hahn had published his own paper on 19 January,
although he had phrased his laboratory results somewhat cautiously. Some
alert journalists had obtained a copy of the paper, which they quickly
showed to Bohr. At last he was free to let the cat out of the bag, although
his announcement at the Conference was so garbled and hesitant, very few
people understood the significance of what he was trying to communicate
anyway. Enrico Fermi, a physicist recently exiled from fascist Italy, took up
the slack and made a better job of it. Fission itself then spread like …
fission. Within the week, laboratories at Berkeley, Baltimore and Columbia
announced that they too had split the uranium atom. Now that everyone
knew what to do, the experiments took only a short time to prepare.

In the prevailing climate Hahn could not, of course, acknowledge
Meitner’s contributions without jeopardising his safety. What is less
understandable is that he spent two decades �D�I�W�H�U the fall of the Nazi regime
claiming that the major breakthrough had been his alone. In 1944 he
collected the Nobel Prize ‘for his discovery of the fission of heavy nuclei’.
There was no mention of Meitner in that citation either. She understood his
reluctance to name her in his original paper, but was not so sanguine about
his continued failure to credit her once the war was safely over. Years later
she wrote to a friend: ‘I found it quite painful that in his interviews he did
not say one word about me, or anything about our years of work together.
His motivation is somewhat complicated. I am part of the suppressed past.’
Arguing about credit began to seem less important to Meitner after 1939, as
the greater and more terrible potential of her discovery came close to
realisation. It looked as if the fission of a single uranium atom could
liberate enough energy to make an entire grain of sand jump in the air. A
small lump of uranium might shake all the grains of sand that make up a



city …. Meitner began desperately telling anyone who’d listen: ‘I will have
nothing to do with a bomb!’


