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Rutherford (front row, right) was a hugely talented research physicist and an
inspiring leader, although teaching undergraduates was not his favourite task.
Fortunately his colleague at McGill University, John Cox (front row, centre)
shouldered much of the department's teaching load. Harriet Brooks (back row)
was Rutherford's first female research student.

His first task was to use the knowledge that he had gained at
Canterbury to improve the sensitivity of devices that meas-
ured physical vibrations. These measurements were needed
to provide evidence to support a street-railway company that
was being sued because of the vibrations that its trains
induced in nearby buildings. Rutherford, of course, succee-
ded in the task, since he had the ability to develop apparatus
that was suitable for any job in hand. Indeed, when McGill
started a school of railway engineering, Rudierford helped
them and became the first person to send a wireless signal
from a train to a station.

Rutherford also trained the demonstrators and students at
McGill in radioactive measurements. In particular, he taught
them the quantitative electrical detection methods that were
based on the rate at which a radioactive source discharged an
electroscope. He was able to merge this with one demonstra-
tor's skill in careful heat measurements to determine that the
large energies involved in radioactivity did not arise from the
chemical regrouping of atoms. However, he soon realized
that he would need many skilled collaborators to carry out his
work, and convinced the new professor of electrical engin-
eering - a young American called R Owens - that he should
extend Rutherford's study of die radiation from uranium to
thorium. This led to the discovery that thorium was emitting
a radioactive gas — a new element, radon gas.

But Rutherford needed someone who was good at chem-
ical analysis, and he tried to recruit another friend — this time
the new professor of chemistry at McGill, James Walker.
However, Walker declined on the grounds that he was an
organic chemist. The claims for the existence of sub-atomic
particles - electrons - grated with many chemists, who felt
that the indivisibility of the atom was the cornerstone of their
patch of science. On 28 March 1901 the McGill Physical
Society called a meeting to debate the issue - or, as
Rutherford saw it, to demolish the chemists. John Cox and

Rutherford spoke for the sub-atomic view, while the counter-
argument was put forward by Frederick Soddy, a young in-
organic chemist from Oxford, who was lucky to still be in
Canada, having failed to obtain a job in Toronto.

In his address, Chemical Evidence for the Indivisibility of the Atom,
Soddy called for a strong protest against the atomic theory that
was being promoted by Thomson and Rutherford. In Soddy's
view, die Physical Society had displayed undue levity about
chemical matters, and the two sides were unable to resolve
dieir differences. Rutherford invited Soddy to join him, and
within three months convinced him to accept that radioac-
tivity was a manifestation of sub-atomic change. Rutherford
had revealed that atoms are not necessarily stable entities as
had been assumed since die time of the ancient Greeks.

By invoking radioactivity, Rutherford also succeeded in re-
conciling estimates of the age of the Earth, which geologists
and physicists had disagreed over for many decades. The
physicist Lord Kelvin had used the rate at which the tempera-
ture increases down a deep mine to estimate the rate at which
die Earth was cooling. This enabled him to calculate when
the surface had been molten rock, from which he predicted
that die Earth was just a few tens of millions of years old.
Geologists, however, had measured the rate of deposition of
sediments and found that the Earth was much older than
Lord Kelvin's prediction - more like several hundreds of mil-
lions of years. But by adding in the radioactivity and the heat
output of radium in the rocks, Rutherford increased Kelvin's
estimate to hundreds of million years, just as the geologists
had predicted.

However, there was a problem. Lord Kelvin did not believe
that the energy of radium was internal to atoms, and he
was in the audience when Rutherford addressed the Royal
Institution on the subject of radium in 1904. Rutherford
saved the situation with sudden inspiration. "To my relief,
Kelvin fell fast asleep, but as I came to the important point, I
saw die old bird sit up, open an eye and cock a baleful glance
at me! Then a sudden inspiration came, and I said, 'Lord
Kelvin had limited the age of the Eardi provided no new
source of heat was discovered. That prophetic utterance
refers to what we are now considering tonight, radium!'
Behold! die old boy beamed at me." Rutherford clearly had
diplomatic skills.

During his experiments at McGill with beams of alpha
particles, Rutherford noticed diat the beam was wider in air
dian it was in vacuum. He placed a thin sheet of mica in the
way of a beam and concluded that alpha particles were scat-
tered by atoms. Later in Manchester he was to use this tech-
nique, now know as Rudierford scattering, to determine the
structure of atoms.

Meanwhile, marriage was beckoning, and in 1900 Ruther-
ford returned to New Zealand to marry May Newton. They
spent their honeymoon at die country's soudiern lakes, where
their only child, Eileen, was conceived. Rudierford brought
his new wife to Canada, and aldiough they returned to New
Zealand in 1905 to show Eileen to their families, each of die
trips took Rutherford away from his work for several months.
Indeed, he only ever made four visits home during his lifetime.

Rudierford also received a string of regular of job offers
from America, but he was not tempted. His salary at McGill
was high, and he wisely showed each offer to the administra-
tion so that it was regularly increased still further. He was
establishing an enviable reputation. As John McNauhgton, a
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classics professor at McGill, said after hearing Rutherford
speak about his research: "Here was the rarest and most
refreshing spectacle - the pure ardour of the chase, a man
quite possessed by nobel work and altogether happy in it".

His reputation soon began to spread beyond McGill, and
in February 1907 Cox wrote to the Swedish Academy of
Sciences recommending Rutherford for a Nobel prize. "It
would indeed be a satisfaction to his friends here," wrote
Cox, "if he should receive so great an honour while still a
member of the University where during nine years he has
completed so many researches." Although German and
Swedish scientists also nominated Rutherford for the prize, it
was not until the following year that the 37-year-old Ruther-
ford became a Nobel laureate. He received the 1908 Nobel
Prize for Chemistry for his work on the radioactive disin-
tegration of elements and the chemistry of radioactive
substances (see box 1); the overnight transformation into a
chemist amused him immensely. (Curiously, J J Thomson
was the only British scientist to ever nominate Rutherford for
a Nobel prize — in 1908 — and even then the nomination was
made too late for that year's award.)

Back in Britain
Rutherford was slowly starting to realize that he needed a
larger pool of collaborators than North America could pro-
vide. He also felt that Canada was too far from the centre of
research, and began to look for another move. Fortunately,
Arthur Schuster, the head of physics at Manchester Univer-
sity, specifically resigned to free up a position for Rutherford,
and he moved back to Britain in 1907. It was here that he
made his second and third great discoveries - that the atom
has a nucleus (see box 2) and that atoms can be changed from
one form to another (see box 3). He was also responsible for a
number of other inventions, such as the Rutherford-Geiger
detector, which in improved form is now called the Geiger—
Miiller tube.

It is strange that although Ernest Rutherford's greatest dis-
coveries were made in Canada and Manchester, these two
places are generally overlooked in Britain in favour of his
time at Cambridge - where Rutherford spent the final 18
years of his life from 1919 to 1937 as an elder statesman of sci-
ence. This is perhaps the reason why many people link
Rutherford solely with Cambridge, and why they tend to
forget about his times in New Zealand, Canada and Man-
chester. But Rutherford was always proud of being a New
Zealander and always referred to himself as such. When he
was raised to the peerage in 1931, he chose the territorial
designation of Lord Rutherford of Nelson in honour of "my
birthplace and home of my grandfather", and his dying
words were to remind his wife that he wished to leave a
bequest to Nelson College.

However, for many years New Zealand curiously — and to
its lasting shame — chose to neglect Ernest Rutherford. Every
house he lived in was demolished, which is why overseas vis-
itors on a pilgrimage to his birthplace were, for some decades,
driven 200 km south of Nelson to view a rural pigsty. On the
50th anniversary of his death in 1987, the site remained a
national disgrace. I went there at dawn and gazed despair-
ingly at the untidy piles of river boulders that had been
dumped on the site many years before.

Happily, his rehabilitation in New Zealand is now almost
complete. The Rutherford Birthplace was opened in 1991 -

2 Rutherford's second
nucleus unveiled

atomic

Rutherford's scattering experiments at Manchester, which showed that most
of an atom's mass exists in a tiny nucleus at the centre of the atom, were
commemorated by this Soviet stamp from 1971

At McGill University in Canada, Rutherford noticed that a beam of
alpha particles became fuzzy when passed through a very thin film of
cleaved mica. At Manchester, where he had moved to in 1907 at the
age of 35, he asked his assistant Hans Geiger to measure the
intensity of alpha particles as a function of the angle at which they
were scattered. He also gave a secondary project to a young student,
Ernest Marsden, whom Geiger had trained in radioactive
measurement techniques.

Marsden was asked to look for alpha particles scattered through
large angles. When Marsden reported that he had observed alpha
particles scattered backwards from a thin foil of gold, Rutherford was
amazed. It was, he said, as if a large naval shell had been fired at a
tissue paper and bounced backwards. By 1911 Rutherford had
explained this result through a nuclear model of the atom, in which
the positive charge and the vast majority of the mass of an atom is
concentrated in a nucleus about one thousandth the size of the
atom. The volume taken up by the nuclei in all of the atoms in a
human body is about the same as a grain of fine sand.

an outdoor information centre and a tourist destination of
international significance. Totara, oak and maple trees at
three corners of the section advertise the countries that
gained through his fame. In 1992, when New Zealand re-
placed Queen Elizabedi on its banknotes with its own
citizens, Ernest Rutherford was chosen to grace the $100
banknote. This is the largest denomination, which means that
his image regularly appears in advertisements on TV, news-
paper and magazines.

Britain, of course, still continues to honour Ernest
Rutherford - the new Rutherford Conference Centre at the
Institute of Physics in London bears witness to that fact. Only
Canada, for whom Rutherford was their first Nobel prize
winner, regretfully continues to largely ignore him. Although
there is a Rutherford museum at McGill University, which
contains the world's finest collection of scientific apparatus
that he developed, it has only survived through the enthu-
siasm of two lone individuals, who served sequentially as
honorary curator.

While the world may hold up Einstein as the symbol of
scientific intelligence, Rutherford's brilliance was different
and, I believe, underrated. Lord Bowden, a former UK sci-
ence minister, once reminisced to me about his own days as a
research student at the Cavendish Laboratory. "There were

P H Y S I C S W O R L D S E P T E M B C B 1 9 9 8 39



CRYOTIGERi
TECHNOLOGY IN O*S ENERGY REFRI6EMTI0N

AFD
NEEQS ONLY ELECTRICITY
FIT AND FORGET FOR FIVE YEARS
OPERATION FROM 77 TO 120K
VERY LOW VIBRATION

The CryoTiger® provides a cost-effective means of continuously
cooling and maintaining temperatures to as low as -203-C (70 K)
proprietary refrigerant and unique oil filtration design provide very •
vibrations exceedingly high reliability, and it requires electricity on.v

Please contact: Intermagnetics General (Europe) Ltd. 2 Eros House,
Calleva Industrial Park, Aldermaston, Berkshire RG7 8LN England

Tel: +44 (0) 118 981 9373 Fax: +44 (0) 118 981 7601
E-mail: liz@apd.cryo.demon.co.uk Web site: http://www.apdcryogenics.com

Metals & Alloys
Foils Wires Rods Tubes

The competitive source for all your requirements
Shipments within __ Prompt response to enquiries
24 hours

Competitive prices
Fast shipment
Small quantities
650 Stock lines
3500 Standard packs
Purity 99.9% - 99.999%
METALS
Al Be Cd Co Cu Ge Au
HflnlrFePbMgMoNi
Nb Pd Pt Re Rh Si Ag
Ta Sn Ti W V Zn Zr
ALLOYS
Al Bi Cu Au Fe
Mg Ni Pt Ag W

Free Catalogue

Advent Research Materials Ltd
Oakfield Industrial Estate

Eynsham • Oxon • England 0X8 1JA

•ADVENT :Tel + 44 (0) 1865 884 440:
;Fax + 44 (0) 1865 884 460:
:Email info@advent-rm.com:
-Web www.advent-rm.com:

3 Rutherford's third great discovery - the world's
first successful alchemy

New Zealand, where Rutherford was born, neglected its most famous son for
many years, but he now appears on the country's $100 banknote, while his
groundbreaking work on the transformation of elements has been
commemorated on this 7 cent stamp

In 1913 while Rutherford was at Manchester University he extended
his work on the scattering of alpha particles from thin films. He now
wanted to find out how they scattered from light atoms. Conservation
of momentum predicted that if alpha particles were fired at hydrogen
gas, high-speed hydrogen nuclei (protons) would be produced, and
that these nuclei would travel four times further than alpha particles.
In 1914 Rutherford duly set Ernest Marsden to play marbles with
nuclei - and, as expected, Marsden observed the long-range
hydrogen nuclei. (Interestingly, Marsden later went to work in New
Zealand. He joined the New Zealand army in 1916, and served in
France in the same sector as - but on the opposite side to - his
colleague Hans Geiger.)

Late in 1917, after completing his own wartime work on the
acoustic detection of submarines, Rutherford returned to his work on
scattering. He found that higher-energy protons were ejected when
nitrogen gas was bombarded with alpha particles through the
reaction " N + *He —> " 0 + \H. In doing so he became the world's first
successful alchemist, having turned nitrogen into oxygen.

some very distinguished theoretical physicists in the Caven-
dish in my time, and I often heard them talking," he recalled.
"I always thought that these men were extraordinarily bril-
liant; I could understand only part of what they were saying
and I could never imagine that I could contribute to their
ideas in any way at all. But after I heard RufJierford explain-
ing something I thought, 'That is perfectly simple and per-
fectly obvious; why on Earth didn't I think of it myself?'"

That is testimony to the unique brilliance of Ernest Ruther-
ford, scientist supreme.

Further reading
J Campbell 1996 Rutherford's Ancestors (MS Publications, Christchurch, New
Zealand)
J Campbell 1998 Rutherford: Scientist Supreme (MS Publications,
Christchurch, New Zealand)

John Campbell teaches physics at the Physics Department, University of
Canterbury, Private Bag 4800, Christchurch, New Zealand
(e-mail j.campbell@phys.canterbury.ac.nz). He was also convenor of the
Rutherford Birthplace Project and was awarded a New Zealand science and
technology medal for his work on Rutherford
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