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Ernest Rutherford (1871-1937): Splitting the Atom - the New

Alchemy

What was inside atoms besides electrons? Radioactivity provided a new means to find
out. Ernest Rutherford was the leading nuclear physicist of the twentieth century. He
pioneered the technique of using alpha particles (helium nuclei) from the radioactive
decay of thorium to probe deep inside other atoms. He won the 1908 Nobel Prize for
Chemistry for his work on radiation, the youngest person ever to do so. The Museum’s
collections include scientific apparatus used by local scientists, such as John Dalton and
James Joule.

Rutherford was born in 1871 in Nelson, New Zealand. He had a good understanding of
maths and did original work on radio waves at Canterbury College, Christchurch. He won
a scholarship to go to the Cavendish Laboratory in Cambridge, where J. J. Thompson,
who had discovered the electron, supervised him. Rutherford studied the conduction of
electricity through gases and discovered alpha and beta particles. Soon he was offered a
professorship at McGill University, Montreal and had enough money to marry his
childhood sweetheart, Mary Newton. In Montreal, with Frederick Soddy, he showed that
radioactivity was a process in which atoms of one element decayed spontaneously into
atoms of another. This incredible idea seemed to belong to alchemy not science, but
Rutherford brushed aside criticism, stating:

"The value of any theory depends on the number of experimental facts it seems to

correlate and its power in suggesting new lines of work. In these respects, the

disintegration theory...has already been justified by results.'

The scientific community was
impressed and Rutherford

was elected a Fellow of the

Royal Society. In 1907, he was
invited to take over the chair of
physics at the University of
Manchester, at the express wish
of the outgoing Professor, Arthur
Schuster. In 1909, Hans Geiger
and Ernest Marsden, researchers
working with Rutherford at
Manchester, bombarded gold foil
with alpha particles from helium
nuclei. Most of the particles went
straight through as expected but
a few bounced back. Rutherford Ermest Rutherford and Hans Geiger with apparatus for counting
was astounded, remarking: alnha narticles. Manchester. 1912

‘It was as though you had fired a fifteen-inch shell at a piece of tissue paper and it had
bounced back and hit you.'

T: +44 (0)161 606 0127 F:+44 (0)161 606 0186 E: collections@mosi.org.uk W: www.mosi.org.uk




In 1911, to explain this, Rutherford proposed a new structure for the atom. He
imagined the atom as a miniature solar system with a nucleus at its centre and
electrons orbiting around. Although the nucleus was only a million-millionth the volume
of the atom, it had over 99.9% of the mass. The nucleus also had a positive electric
charge to balance the negative electric charge of the electrons around it. Rutherford
was knighted in the 1914 New Year’s Honours List.

Work on radiation ceased during the First World War and Rutherford led the Allied
research into the detection of submarines. However, in 1917 Rutherford and his
technician, William Kay, set up an experiment using alpha particles as projectiles with
which to hit nitrogen atoms. In a long series of exhausting tests, they showed that the
result was the liberation of the nucleus of a hydrogen atom. Rutherford had achieved the
transmutation of one element into another. Surprisingly, there was very little interest in
either the scientific or popular press when he published his results in 1919.

Soon after, he moved to head the Cavendish Laboratory in Cambridge. There, he worked
out ways of accelerating particles so that they could be used to explore the secret
recesses of matter. He became President of the Royal Society in 1925 and Lord
Rutherford in 1931. His researchers carried out further important work: in 1932, James
Chadwick found the neutron, and John Cockroft and Ernest Walton transformed lithium
atoms into helium by bombarding them with protons. By then, nuclear research was
becoming an activity that required teams of researchers and highly specialised, expensive
equipment.

Rutherford died suddenly on 19 October 1937 and was buried in Westminster Abbey. He
hoped that people would not learn to use the energy of the atom, if ever, until the world
was at peace. Within two years, a nuclear chain reaction and with it, the nuclear bomb lay
within reach. Rutherford’s secondary achievements included dating the age of the Earth
and inventing an electrical method of counting individual ionising radiations. He also
predicted the existence of the neutron, oversaw the development of large-scale particle
accelerators and briefly held the world record for the distance over which wireless waves
were detected.

For more information:

Read Campbell, John. Rutherford: Scientist Supreme. Christchurch, NZ: AAS
Publications, 1999.

Visit Cavendish Laboratory Museum, Madingley Rd, University of Cambridge.
The New Zealand Edge: http://www.nzedge.com/heroes/rutherford.html.
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