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Louis Victor de Broglie
the wave properties of the electron
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Prince Louis-Victor de Broglie was born in Dieppe,
France, in 1892, His first studies were in history
but under the influence of his brother (the duc de
Broglig, a physicist noted for his work on atomic
physics and X-rays), he became interested in
science. After the First World War, in which he was
concerned withradio-telegraphy, he collaborated
with his brother in various research projects.

Since 1928, he has been Professor of Theoretical
Physics at the University of Paris and, since 1942,
Life Secretary of the Académie des Sciences.

In 1929, he was awarded the Nobel Prize for
Physics — ‘for his discovery of the wave nature of
electrons’.
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In the early years of this century, there was no doubt among
scientists that electrons were particles. Even the mass of an
electron was accurately known — qgz that of the hydrogen
atom. In the model of the atom devised by Niels Bohr in
1913, electrons orbited round an atomic nucleus like planets
round the sun. However, shortly after the First World War,
Louis-Victor de Broglie, put forward the idea that electrons
had the properties of waves as well as those of particles.

This connected with an old argument among scientists
about the nature of light. Isaac Newton had said in 1704 that
light consisted of tiny particles. About a hundred years later,
however, Thomas Young discovered that light produced
interference patterns and diffraction effects which can be
accounted for only iflightis regarded as waves. Consequently
Newton’s particle theory was replaced by a wave theory, At
the turn of this century it was found thar if a metal is irradi-
ated with ultraviolet light, electrons are expelled from the
metal. Einstein pointed out that this could be explained
satisfactorily only if light were regarded as consisting of
particles. Scientists were forced to accept that light had
the properties both of waves and of particles.

Why, de Broglie wondered, should this apply to light and
not to matter ? Why was it that the mathematics used to
describe the motion of electrons in an atom involved whole
numbers when the only other phenomena in physics in-
volving whole numbers known at thar time were those of
interference and vibration - properties of waves? ‘A con-
sideration of such problems led me, in 1923, to the con-
viction that matter, like light, should be thoughtof in terms of
waves as wellas particles. Only in this way would it be possible
toarriveat a single theory that allowed the simultaneousinter-
pretation of the properties of light and those of matter.’

Whereas the wave particle theory of light had resulted
from experiment, de Broglie had conceived his theory
through the ‘spirit of intuition’. Because there was no experi-
mental evidence to support it, all the leading scientists
except Einstein dismissed it. If de Broglie could show that
electrons produced diffraction effects this would be sufficient.
At that time, an experiment of this nature was difficult to
attempt. De Broglie was not a good experimentalist; working
with pencil and paper, he followed up some of the mathe-
matical implications of his theory.

In 1927, Davisson and Germer in the United States and
G. P. Thomson in Britain passed beams of electrons through
crystals and obtained diffraction effects. “Thereafter,” said
de Broglie, ‘it was no longer possible to imagine an electron
simply as a minute particle of electricity: a wave had to be
associated with it. And this wave was not just a fiction: its
length could be measured and its interference effects cal-
culated in advance.” As a result, the simple picture of the
atom with electron particles orbiting round the nucleus had
to be radically altered.

Elaborating on de Broglie’s mathematical work, the
Austrian scientist Schrodinger developed a system of
equations known as wave mechanics. These equations could
be applied to electrons irrespective of whether they were
regarded as waves or particles. At a mathematical level, the
wave,particle contradiction was solved. ‘At a physical level,’
says de Broglie, ‘the reason why these two aspects exist and
the manner in which it might be possible to merge them in
one superior umity, remain a mystery.” Nevertheless, he
believes that one day the mystery will be solved although, as
he says, ‘it will need fresh young minds to do it.”
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Harold C. Urey was born in Walkerton, Indiana,
U.S.A. in 1893. He graduated in zoology at the
University of Montana and thereafter held research
posts at several universities until his appointment
as Associate Professor of Chemistry at Columbia £ 48
University in 1929. During the Second World War, &8
he was involved in work on the atomic bomb.

He is at present at the University of California’s
School of Science and Engineering in San Diego,
where he is engaged in problems of 'space’
chemistry, such as what the chemical composition
of the moon's surface might be.

In 1934, he was awarded the Nobel Prize for
Chemistry — for his discovery of heavy hydrogen'.



At the age of fourteen, Harold Urey took the Indiana state
examination to go to high school. He got 76 marks; the pass
mark was 75. “‘Had my marks been one the other way, I
should probably have spent my life as a farmer in Indiana.’

When he went to university Urey studied biology and
chemistry. During the early 1920s, he began to do research
on isotopes. Little was known about them at this time
although at Cambridge F. W. Aston was then investigating
isotopes in his mass spectrometer. Although Aston had dis-
covered many others, he had found no isotopes of either
hydrogen or oxygen. In 1929 two isotopes of oxygen (O, and
0,.) were identified. This had interesting implications:
according to measurements made by Aston in the mass
spectrometer, the atomic weight of hydrogen relative to that
of oxyveen was always in the precise ratio of 1 to 16; if some
of the oxygen had an atomic weight of 18, it followed that
there must be an isotope of hydrogen heavier than 1 to
maintain the ratio. ‘I determined,’ said Urey, ‘to try and
discover this heavier isotope of hydrogen.’

It had been estmated that, assuming the hydrogen
sotope had a mass of 2, 1 part should be present in about
2,500 parts of hydrogen of mass 1. Up to then it had been
smpossible to detect an isotope which was present in such a
small guantity. Urey’s chief problem was to concentrate it.
5= e his research assistant worked day and night to find a
war of doing this. “The only way to solve a problem of this
= = w0 saturate yourself in i’ After doing pages of
tSeserncal calculations, Urey came to the conclusion that it
should be possible to concentrate the 1sotupﬂ by distilling
Svdrogen near the triple point where it exists in all three
states — solid, liquid, and gas. Urey hoped that the lighter
hydrogen with a lower vapour pressure would distil over first

and leave a residue in which the heavier hydrogen was con-
centrated. Samples were prepared; 4,000 cm?® of liquid
hydrogen were distilled near the triple point until only about
1 cm? of residue was left. In the autumn of 1931, Urey
examined the atomic spectra of these residues under a large
diffraction grating. Lines indicating heavy hydrogen were
plain to see. Some of these lines, Urey subsequently dis-
covered, were fairly visible in narural hydrogen, but it
needed the concentrated samples to establish their presence.

Urey then set about investigating the properties of heavy
hydrogen — or “deuterium’ as it came to be called (from the
Greek deuferos meaning second). As suspected, it had an
atomic mass of 2. Another hydrogen isotope, tritium, with a
mass of 3, was discovered in 1935, Deuterium has proved a
useful tracer element in biological experiments. Its nuclei
(deuterons) have been extensively used in transmutation
experiments (see Seaborg, page 8). However, its main appli-
cations have been to atomic energy; it is the chief element
used in fusion reactions, at present confined to the hydrogen
bomb. Its oxide, heavy water, is used in large quantities to
slow down neutrons in atomic Teactors,

Behind Urey’s discovery of heavy hydrogen there lay a
piece of irony which presently came to light, Aston’s
measurements of the atomic weights of hydrogen and oxygen,
from which the existence of heavy hydrogen had been
predicted, were found to be in error. ‘It was one of the few
errors that Aston ever made, but, as he later jokingly
remarked, he could hardly advocate that scientists should
make mistakes on purpose so that other scientists might
possibly benefit from them. It was a lucky break for me.
Having started to look for heavy hydrogen, my future could
have been very different if I hadn’t found it.”
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Peter J. W. Debye was born in Maastricht,
Holland, in 1884. He did research in physics and
chemistry at many European universities and was
Director of the Kaiser Wilhelm Institute for
Theoretical Physics from 1935 to 1940, At the
beginning of the Second World War, Hitler wanted
him to adopt German nationality but he refused.
From 1940, he was at Cornell University at Ithaca,
New York. He died on 2nd November 1966.

In 19386, he was awarded the Nobel Prize for
Chemistry — ‘for his contributions to the study of
molecular structure through his investigations g
on dipole movements and on the diffractions of
X-rays and electrons in gases’.



This account of Peter Debye is based on an interview granted
shortly before his death. For most of his working life he was
concerned with the behaviour of atoms and molecules and
the various ways in which they interact with each other.
Usually he observed what happened to atoms or molecules
when they are irradiated with either long-wave vibrations
such as heat or short-wave vibrations such as light. He could
then deduce something about the properties of the substance
he studied. ‘I enjoy work that combines experiment with
theory. When, in 1912, T was appointed Professor of
Theoretical Physics at the University of Utrecht, I stayed for
only a year because theoretical physicists were supposed to
work with pencil and paper and not to need a laboratory.’
At that time, Debye was curious about the electron struc-
ture of molecules. He had in mind an experimental technique
for irradiating a simple compound with X-rays and seeing
how the X-rays were scattered ; ‘just doing some experiments
and photographing what happened.” He chose to examine
lithium fluoride because it is a compound with few electrons.
Scherrer, a young man who was working in the laboratory
next to Debye’s at Géttingen, where Debye had gone from
Utrecht, became very interested in Debye’s experiments. He
took away some of the films to develop. Next morning, a
Sunday, he came hurrying round to Debye’s house. ‘Look!’
he said excitedly, handing Debye the film. “T’here are a lot of
lines on this thing. What do they mean ?* Debye examined
the film carefully. The lines, he realized, were due to
diffraction of the X-rays by the lithium fluoride powder.
They failed to provide any information about the electrons,
but they did indicate the positions of atoms. This was the
beginning of an X-ray method for studying the structure of
substances. Instead of using single crystals, as in the method

initiated by the Braggs, this X-ray method used a powder or a
mixture of crystals.

One of the theories for which Debye is best known con-
cerns the araction and repulsion of the ions in a concen-
trated solution. In the ionic theory Arthenius put forward in
1887, he took no account of the interaction of the ions; this
was generally regarded as a defect in the theory, Debye was
prompted to think about this in 1920, when he attended a
conference at Zurich. One of the speakers suggested that
the ions in concentrated solution were arranged in a fixed
lattice like the ions in a sodium chloride crystal. To Debye,
this idea was preposterous, and he got up and said so. ‘Look
here,” he argued, ‘the ions cannot be stationary; they must
have motions.” ‘If vou know so much better,” the speaker
replied, ‘then suggest something else.” Debye asked his
assistant Hiickel to look up all the literature on the subject.
Between them they built up a picture of how ions really
behave in solution. Debye worked out the mathematical
implications of this picture; and he and Hiickel tested the
theory by measuring electrical conductivity. The experi-
mental results confirmed that their theoretical picture was
right.

Tt is the urge to understand that makes me study things.
Perhaps in an experiment something happens thart astonishes
me, I think about what it could mean - try this, try that in my
mind. Discontent pushes me. It is discontent that is the
driving force. Soon I become impatient, and then I get
nowhere. So I forget about it and then, months later, the
answer suddenly comes to me. Once I have it and have
tested thar it is the right answer, I lose interest. T want to
explore something new.’

Towards the end of his life Debye was studying the inter-
actions of molecules in liquids by passing light and X-rays
through them and measuring the scattering. At eighty vears
of age his urge to understand was undiminished.




















































































