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Many entities in physics have both particlelike and wavelike properties. In representing the
particlelike properties physicists usually use words ending in -ON. The originators of the
concept underlying the particle nature, and the coiners of the name are discussed for the
following “particles”: boson, electron, exciton, fermion, magnon, neutron, phonon, photon,

plasmon, polariton, polaron, proton, and roton.

Even casual eavesdroppers can note that the
seientific conversations of physicists, particularly
solid state physicists, are littered with words
ending in -ON. Phonons, magnons, excitons, ete.,
flutter about in a jargon which the uninitiated
may find difficult to penetrate, yet is very useful
since it conveys (among the initiated) the
particlelike meaning for the elementary excita-
tions with both wavelike and particlelike proper-
ties.

But one might ask from whence do these words
come? Under the assumption that for every word
in every language there must have been a person
who was the first to utter it, we have attempted to
locate the originators of the -ON’s much as a
student might, namely by straightforward search-
ing of books and journals. We have operated
under two restrictions. First, since in science one
must not only have ideas but must also record
them, we have decided to accept only what we
could find documented in the literature. One
might presume that texts would lead him even-
tually to the source, but this only rarely proved
to be the case. Systematic searching of old litera-
ture usually was necessary, and even the litera-
ture had to be read selectively. Second, since solid
state physics perhaps contains more recondite
-ON’s than do other branches of physics, we have
spent considerable effort seeking the sources of
excitations unique to solids.

Before reading further, ask yourself who
invented boson, electron, exciton, fermion, mag-
non, neutron, phonon, photon, plasmon, polariton,
polaron, proton, and roton, and when did he
publish the word? Of equal importance, who
invented the concepts underlying these names?

In what follows, the length of treatment, is roughly
proportional to our difficulty in providing answers
to these questions.

But first, why is -ON used? Solid state excita-
tions end in -ON by analogy to the photon, but
why was the suffix used in photon? Photon was
apparently coined by analogy to electron, proton
and neutron; the latter two stem from electron,

.80 one must begin there.

The modern era of particle naming seems to
have begun when “electron” was chosen in 1891.
This word is almost a direct transliteration of
nAekrpoy, which means amber. the material which,
when rubbed with fur, contains a deficit of
Benjamin Franklin’s electrical fluid and hence is
negative.! At one stroke we have the root word
for “electricity’” (which had been wused for
centuries before 1891) and the name of the mobile
carrier of electricity. Then in 1920 came proton,
from wpwros, which means first,? and one notes
the switch from o to », or s to n, to obtain agree-
ment with electron. In 1921 we obtained neutron,
a composite word from “neutral’”’, put into the
style of electron and proton.? The closest ety-
mological justification for -ON is given by
Webster,? “-ON [New Latin, from Greek]
neuter of -os; ending of many adjectives.” But
Webster and the Oxford English Dictionary both
tell us as well that -ON is used as a suffix
denoting a fundamental particle, illustrating the
point that dictionaries report on usage of words
as well as etymology of words. The -ON is in
electron presumably by transliteration; it is in
everything else because it is in electron.

Electron would appear to be an accidental
choice, reflecting the classical background of the
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Oxbridge system in the late 1800°s. Since the
early particle namers were products of or workers
in this system, the choice is not surprising. But
one can speculate on the results had Oxbridge
been more Latin oriented. Would we then have
the “electrum”, and by analogy the protum,
neutrum, phonum, magnum?

The 1930’s brought a brief instability to particle
naming with “mesotron,” which physics has
outlived, and “positron,’”” which it has not. These
hybrids were formed by extracting -tron from
electron and uniting it with ue’oop, for middle and
positivus, for positive.

~tron has worked its way into Webster's
dictionary® as “a suffix denoting an instrument.”
Tts pedigree is not traced. However, wprra’vy,
which means balance, is the root of “tron”, an
old Seottish word? which meant ““a public weighing
apparatus,” “a pillory,” or “a market place.”
This may be the reason why ~tron is used today
chiefly as a suffix on names for particle accelerators.
At any rate, -ON was brought back with the sub-
gtitution of “meson” for mesctron, and is the
usual suflix for particles across the entire spectrum
of physics.

In what follows we shall discuss ““real’” particles,
such as neutron, quanta of collective excitations,
such as phonon, and “dressed particles,” such as
polaron. We start with electron. Aside from being
the oldest named particle, the electron also
demonstrates that in searching for the origins of
these scientific words one must focus on two
separate points. The first is the name itself, but
the second is the concept that the particle should
or does exist, or that the field under discussion
should be represented by quanta. In the second
point, implicitly or directly, lies the recognition
of particlelike properties for the various quantized
fields. Often times the name and the concept were
the work of separate people, far removed in time.

ELECTRON

The electron, obviously, had been found and
named before it was seriously discussed as the
carrier of electricity in metals. It is surprisingly
easy to find its parentage? Anderson’s book,®
The Discovery of the Electron, gives a complete
history of the experiments and theories which
resulted in the electron and leads one to a name
whieh looms large in the electron story. If one
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consults that paragon of accuracy, the 1910
edition of Encyclopedia Brittanica,® one finds:

FElectron, the name suggested by Dr. G.
Johnstone Stoney in 1891 for the natural unit
of electricity to which he had drawn attention
in 1874, and subsequently applied to the
ultra-atomic particles earrying negative
charges of electricity, of which Professor
Sir J. J. Thomson proved in 1897 that the
cathode rays consisted.

George Johnstone Stoney is not often mentioned
in contemporary works on physiecs. Yet in 1874
he postulated that there should be “a definite
quantity of electricity,” whose magnitude he
deduced from electrolysis data.” In 1891 he pro-
vided the name for this particle® (p. 583 of this
article) :

The author called attention . .. (to a definite
quantity of electricity) in 1874....1It is
there shown that the amount of this very
remarkable quantity of electricity is about . . .
three-eleventhets (3/10%) of the ... CGS
electrogtatic unit of quantity. A charge of
this amount is associated in the chemieal
atom with each bond. There may accordingly
be several such charges in one chemical atom,
and there appear to be at least two in each
atom. These charges, which it will be con-
venient to call elecirons, cannot be removed
from the atom; but they bheecome disguised
when atoms chemically unite.

Two points should be noted: First, Stoney was
never able to show that electrons did exist; rather,
he showed that they should exist. This fact, and
his concept of their nonremovability from the
atom, sets him rather apart from those who were
studying cathode rays and related phenomena.
Second, one sees no classieal references to Greek
words in Stoney’s papers, so the transliteration of
electron from Greek to English can only be
surmised.

The existence of the electron as a particle was
proved by Thomson® in 1897:

The experiments discussed in this paper were
undertaken in the hope of gaining some
information as to the nature of Cathode
Rays. ... I can see no escape from the con-
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clusion that they are charges of negative
electricity carried by particles of matter . ..
that these carriers are the same whatever the
gas through which the discharge passes, .
the atoms of different chemical elements are
different aggregations of atoms of the same
kind ... these primordial atoms, which we
shall for brevity eall corpuseles.

The name “electron” did not attain instant
popularity. Thomson!® himself wrote in 1904,
“T have proposed the name corpuscles for these
units of negative electricity.”

Most solid state texts tell us that electrons were
invoked seriously to explain metallic properties
by Drude, and that quantum mechanical
methods were introduced to electronic properties
of solids by Pauli® (mechanic susceptibility),
while the wave aspects of electrons in metals were
first studied by Bloch.”* Few books tell us that
Weber,"* in 1848, discussed motions of negative
and positive particles inside metals, long before
such particles were known to exist.

NEUTRON AND PROTON

These are the fundamental building blocks of
the nucleus and were the next to be named even
though they were not the next to be discussed in
scientific circles.

Virtually every modern physies book reminds
ug that the neutron was discovered in 1932 by
Chadwick. In his paper’® Chadwick credited
Rutherford with the name and cited Rutherford’s
second Bakerian lecture to the Royal Society of
London, given in 1920. In this paper'® Rutherford
proposed the existence of a tightly bound neutral
particle consisting of a hydrogen nucleus and
electron. However, he did not use the word
neutron.

In 1921, J. L. Glasson” published a paper
deseribing his unsuccessful attempt to find the
neutron. In that paper he wrote

Such a particle, to which the name neutron
has been given by Prof. Rutherford, would
have novel and important properties.

None of Rutherford’s papers from 1920-1921
contain the word neutron. Eve’s biography of
Rutherford® contains lengthy deseriptions of the
search for the neutron, as well as describing
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Rutherford’s idea that the particle should exist.
Eve also picturesquely described Rutherford’s
coining of “proton,” but does not attach Ruther-
ford’s name to neutron. Both Glasson and Chad-
wick worked for and with Rutherford at the
Cavendish Laboratory, and both eredit him with
the name. We would guess that Rutherford pro-
posed the name one day in the lab and the word
stuck, but its first appearance in the literature
was in 1921.

Rutherford also invented the word “proton.”
Eve® relates that Rutherford proposed the name
at a meeting of the British Association held at
Cardiff in 1920, and after some discussion with
Sir Oliver Lodge the name was accepted. This
meeting was held from 22 August—29 August 1920,
and was reported in the 11 November 1920 issue
of Nature.” The report reads

The results thus show that the elements may
be considered as being composed of thegse
hydrogen nuclei, or “protons” as Sir Ernest
Rutherford would have us call them, and
we thus return to Prout’s conception of the
constitution of matter, modified only by
the recent discoveries and ideas of modern
physics.

The Prout to whom reference is made was
William Prout, who noted in 1815 that the
atomic weight of most elements and compounds
seemed to be a multiple of the atomic weight for
hydrogen. In 1816 he further proposed that
hydrogen was the basic building block of nature.
Prout’s work is hard to find since he published it
anonymously! (He was obviously not sponsored
by an agency or foundation.) However, the 1910
Encyclopedia Brittanica guides one to the correct
journal,?® Annals of Philosophy, after which one is
on his own. A sense of both articles can be gotten
from the following compressed version:

The author of the following essay submits
it to the public with the greatest diffidence;
... if (its conclusions) should be verified, a
new and interesting light will be thrown upon
the whole science of chemistry ... we may
almost consider the wpwry vAy of the ancients
to be realised in hydrogen; an opinion, by
the by, not altogether new.

While Prout’s conception of hydrogen was not
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precisely the same as our contemporary view of
the proton, it was close; in a sense as close as
Rutherford’s original model of the neutron was to
today’s view. The identification of the nucleus of
hydrogen as a fundamental building block of the
elements was to await the concept of nucleus
itself. But the idea that there was something
fundamental about hydrogen seems to be Prout’s,
as was recognized by the scientists of the British
Asgsociation in 1920.

PHOTON

This word is used to describe the particlelike
properties of the electromagnetie field in vacuum.
The originator of the concept, Binstein, would
probably be recognized as such by most physicists.
Most books on modern physics refer the reader to
one of Einstein’s remarkable 1905 papers, in which
he wrote®

Nach der hier ins Auge zu fassenden Annahme
ist bei Ausbreitung eines von einem Punkte
ausgehenden Lichtstrahles die Energie nicht
kontinuierlich auf grosser und grisser wer-
denden Raum verteilt, sondern es besteht
dieselbe aus einer endlichen Zahl von in
Raumpunkten lokalisierten Energiequanten,
welche sich bewegen, ohne sich zu teilen und
nur als Ganze absorbiert und erzeugt werden
kénnen.

Here, clearly, is the concept; the name is a
very different matter indeed. Unfortunately,
most standard textbooks are either silent on the
author of photon, or are phrased in such a way
that one assumes the author to be Einstein.
Endless variations on the following can be found:

(i) “In 1905, Kinstein extended an idea
proposed five years earlier by Planck and
postulated that the energy in a light beam . . .
was concentrated in small packets or photons.”
(ii) “Following an earlier idea of Planck’s
that light waves consist of tiny bundles of
energy called pholons or quanta, Einstein
proposed . . .”

(iii) “Applying the photon concept to the
photoelectric effect, Finstein wrote =
Lo+-Kax, where hy is the energy of the
photon.””

Each of these statements was quoted from
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introduectory physics texts, but many atomic and
modern physics texts are not much better. The
third statement is in fact wrong twice. Not only
did Einstein not use the word photon, he also
did not write an equation in the form given.
Authors such as Arons' or Copper,? who take
paing to tell the reader that light quanta was
Einstein’s idea and photon was someone else’s,
are rare. In a statement which ought to be en-
graved in stone and mailed to all authors of
introductory texts, Wichmann? has written

It may be mentioned that Einstein did not
employ the term phoion in his paper; this
term was introduced into physics only much
later, in 1926.

So Professor Wichmann and the Oxford
English Dictionary tell us that photon was
coined in 1926. But by whom? None of the papers
by Bohr, Born, Dirae, Finstein, Heisenberg,
Jordan, Schrédinger, and many others published
in 1926 contain the word. Yet the literature sug-
gests that 1926 was indeed the year. Compton did
not use the word in 1925, in discussing the Comp-
ton effect, but he did® in 1928. In 1928 The
Physical Review included photon in its subject
classification, but one of the references was to a
paper by Slater® that used only “light quanta.”
The interchangeability between photon and light
quanta had clearly been established. Schrodinger,
even in 1927, did not use the word in discussing
the Compton effeet,” but DeBroglie both did and
did not use the word in two separate papers®?
in 1927. But none of the papers which use photon
refer to its author.

At this point, while searching Chemical Ab-
stracts, we uncovered s textbook by Haagsl
entitled Hinfiihrung in die Theoretische Physik.
There, on p. 25, was a footnote which read “Der
Name ‘Photon’ stammt von G. N. Lewis, Nature
118, 1926, 8.874.” Indeed, the 18 December, 1926
issue of Nature contains the paper by Lewis,®
entitled “The Conservation of Photons,” and the
first usage of the word:

I therefore take the liberty of proposing for
this hypothetical new atom, which is not
light but plays an essential part in every
process of radiation, the name photon.

Lewis, of course, was also the author of the Lewis
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Model of the atom. It is indeed odd that none of
the physies books we have encountered mention
this man in connection with photons.

PHONON

The quantum of energy in an elastic wave in a
crystal was named in direct analogy to the
photon. However, none of the current introduc-
tory textbooks do more than define or use it; in
none do we get any assistance toward finding the
originators. In a rather advanced book by
Maradudin ef al.,® one finds the following:
“These quanta are called phonons, a term ap-
parently due to Tamm (30).” Their Ref. 30
cited an article by Seitz* and a book by Frenkel ®
Seitz in turn wrote in a footnote, ... The term
phonon was apparently coined by I. Tamm.” In
neither case is there a reference to a work by
Tamm. As we shall see, both of these references
are half-wrong. Tamm did not eoin the word
phonon; he invented the concept of a quantum of
elastic energy. The reference to Frenkel’s book is
invaluable, though, since there one finds Frenkel
himself to be the author of phonon.

We must confess that life was not quite that
eagsy for us since we had already found the critical
works of Tamm and Frenkel before encountering
either Maradudin ef al. or Seitz. We shall give a
précis of our approach since it illuminates some
curious features of the literature. We began with
a paper by Kramers® which on first reading sug-
gested Landau as the author of phonon: “These
include Landau’s phonons and rotons as special
cases.”’” Even though Kramers gave no reference
to a specific paper by Landau, an obvious place
to start was Landau’s famous 1941 paper on
liquid helium.® At first it looked as if we had
found the author: “Therefore, the corresponding
elementary excitations are simply sound quanta,
i.e., phonons.” But then came reality: “It is
known that the phonon gas obeys Bose statistics.”
With few exceptions the trail in the usual English
language literature stops at this point. None of the
solid state, chemical physics or statistical me-
chanics books written in English ¢. 1936-1940 con-
tain the word phonon; it is rare to find in a paper.

One exception is interesting, and will return
later in this article. We knew that Landau’s liquid
helium paper had also appeared in The Physical
Review in 1941. As we searched for the paper we
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encountered another paper by Pomeranchuk in
the same volume,®® which used the word phonon
as though everyone knew its meaning, and which
referred to an earlier paper by Pomeranchuk® in
the Journal of Physies (U.S.8.R.). This paper in
turn led us to the Physikalisches Zeitschrift der
Sowjetunion, where the earliest reference to
phonons seems to be a paper by Landau and
Kompanejez® in 1934. But even here the word was
used as if it had been defined previously. A paper
by Frenkel (see below under Exciton) led us to a
paper entitled “Uber die Quantentheorie de
Molekularen Lichtzerstreuung in festen Kérpern”
by Tamm?*:

Fithrt man in Analogie zu dem Bergriff der
Lichtquanten den Bergriff der “elastischen
Quanten” ein, so lisst sich ein wesentlicher
Teil der Ergebnisse der quantenmechanischen
Rechnungen anschaulich formulieren.

Here was the idea; all that remained was the
name. This was coined by Frenkel in the book
cited above,? where he says

Now just as for light and electrons it is
possible to associate the acoustical waves
with certain particles which we ghall call
“phonons” and to replace the study of the
heat oscillations forming these waves by the
study of the motion of the corresponding
“phonons”.*

The footnote is rather amusing:

*Tt is not in the least intended to convey
hereby the impression that such phonons
have real existence. On the contrary, the
possibility of their introduction rather serves
to discredit the belief in the real existence
of photons.

With Tamm’s idea in 1930 and Frenkel’s
name in 1932 the phonon story is complete.
But, in contrast to the rapid acceptance of photon
it is curious that books written 8 yr later in English
fail to use the word, as do papers written 10 yr
later.

EXCITON

These are neutral particles which represent
the quanta of the polarization field in dielectrics.
P. W. Anderson’s book, Concepts in Solids gives
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reference to two papers by Frenkel. In the first
we find*

... the proeess of light absorption is not con-
fined to a particular atom, but is diluted
between all of them in the form of “excita~
tion waves” . By superposing several
excitation waves “‘exeitation packets’” can
be constructed representing the traveling of
the excitation state from one atom to another.

Later in that volume of The Physical Review*
Frenkel wrote,

... if we assume that an excitation wave ean
be associated with an “exeitation quantum”
similar to a light quantum . . .

In this same paper Frenkel credited Tamm with
the idea for sound quanta.

The second of Anderson’s references led to the
Physikalisches Zeitschrift der Sowjetunion, where
one finds many articles by Frenkel, including one
in 1936 which reads® “. . . the excited state can be
pictured as a kind of particle which we shall eall

a ... ‘exciton’,” with a footnote reading

1. The term “quantum’ could lead fo con-
fusion with the notion of light quantum or
photon, at the cost of which the exciton is
produced.

Exciton is a clean sweep for Frenkel; the word
is also now used to describe models for excitons
other than Frenkel’s excitation waves.

POLARON

An electron moving through a crystal lattice
interacts via its charge with the ions of the lattice.
This electron—phonon interaction leads to a
polarization field which accompanies the electron.
In particle language the electron is dressed by the
phonons and the combined particle is called a
polaron. Kittel’'s Quantum Theory of Solids* puts
one on the track at once through reference to a
paper by Feynmann® which in turn referenced a
paper by Frohlich,* who cited a paper by Landau®®
and a paper by Pekar® The latter two papers
give, respectively, the concept and the name:

Landau: “Der energetisch giinstigste Zustand
des Gesamtsystems kann nimlich ent-
sprechen erstens dem unverzerrten Gitter
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and dem ‘frel’ sich bewegenden Elektron und
zweitens dem an einer stark verzerrten
Stelle haftenden Elektron.”

Pekar: “Such local self-consistent gquantum
states of the electron in a crystal we shall
briefly call polarons in the following con-
siderations.”

Landau in 1933 and Pekar in 1946 constitute the
polaron story.

POLARITON

This particle is so new that the name has yet to
reach the standard textbooks. However, Kittel®
does write

Near the cross-over of the dispersion relations
(w versus k) of the uncoupled photon and
optical phonon fields we have seen that a
weak coupling has drastic effects in mixing
together the mechanical and electromagnetic
fields.

The particle which describes the quantum of
the coupled photon and dielectric polarization
fields in crystals is called a polariton. Kittel, in
fact, did our search for us. He has cited a paper
by Fano, in 1956, in which the first quantum
mechanical treatment is given for the coupled
fields.”! He has also referred to a paper by Hop-
field,” in 1958, where the name was coined:

The polarization field ‘particles’ analogous to
photons will be called ‘polaritons’. (Excitons
will be shown to be one kind of polariton in
Sec. IV. Optical phonons are another example
of polaritons.)

PLASMON

The electron gas in a metal ean undergo longi-
tudinal oscillations, known as plasma oscillations.
The quantum of this oseillation is the plasmon.
Plasma oscillations were first studied in 1928 by
Langmuir® who wrote, “We shall use the name
plasma to describe this region containing balanced
charges of ions and electrons.”

It is relatively easy to identify the people who
introduced quantum mechanics to plasma oseilla-
tions in solids. One can start again with Kittel*
who has included a reference to a review article
by Pines, who in turn has given references to a
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sequence of papers by Bohm and Pines. The first
paper of this series, published in 1951, contains
the following®:

In order to obtain a collective description
of the electrons in a metal we must use a
quantum-mechanical treatment, sinee the
electron gas is highly degenerate. Previous
treatments ... were not extensible to quan-
tum theory.” '

Fven though the authors do not use phrases such
as “quantum of plasma oscillation,” and treat
transverse rather than longitudinal oscillations,
they do mention that the longitudinal problem
would be considered in a later paper.

The name itself was also easy to find. We simply
read forward in the literature looking for papers
by Pines (whose progeny we suspected plasmon
was) and found a Reviews of Modern Physics®
article from 1956 which read as follows.

We introduce the term “plasmon” to
deseribe the quantum of elementary excita-
tion associated with this high-frequency
collective motion. ... The introduction of a
new elementary excitation requires, I believe,
rather more justification in solid state
physies than might be asked for in “curious
particle” physies.

Even though it is only 13 yr old the plasmon
has already given birth to a new particle called
the plasmaron. This is a proposed composite
particle, made up of a plasmon and electron, and
has been discussed by Lundqvist.>

With exciton, polaron, polariton and plasmon
found so readily, we turn to a particle whose
parentage is rather more elusive.

MAGNON
As put economically by Kittel,*

The low-lying energy states of spin systems
coupled by exchange interactions are wave-
like, as shown originally by Bloch for ferro-
magnets.| The waves are called spin-waves;
the energy of a spin wave is quantized, and
the unit of energy of a spin wave is called
a Mmagnon.

Now the magnon differs a bit from the excita-
tions discussed above since the interaction between
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spins in ordered magnetic materials, the exchange
interaction, is itself only understandable in terms
of quantum mechanics. So it would be artificial
indeed to pretend that those who first studied spin
waves did not recognize that quantum considera-
tions were involved.

In addition to a coneise definition, Kittel has
done part of the search for the origins of magnon.
He has given us the name of the author of the
spin wave concept, Bloch, so all we need is the
year. All of Kittel’s references themselves mention
a paper published in 1930 by Bloch,® entitled
“Zur Theorie des Ferromagnetismus,” and there
indeed is the concept of spin waves. The purist
who really prefers modern field theoretic language
for his particles might eleet a paper published in
1940 by Holstein and Primakoff."® In that paper,
cited by Kittel, the spin deviation operators are
introduced and spin waves are treated as quan-
tized particles.

The name magnon is another matter; none of
Kittel’s references uses the word. It was rare, in
fact, to see the word in English before 1958, and
it did not appear in volume in English until 1960.
Moreover, the word is never defined in the papers
one encounters in the late 1950’s. The sudden
appearance of the word in English, in contexts
which usually presumed that the reader knew all
about magnon, is strongly reminiscent of our
experience with the phonon. In that case the word
had been invented and commonly used in the
US.S.R. long before its adoption in English.
Magnon had the same history.

In discussing the phonon we mentioned a paper
by Pomeranchuk published in 1941. This paper
appeared on p. 259 of Vol. IV of the Journal of
Physies (U.S.8.R.). Ninety-eight pages later in
the same volume one finds another paper® by
Pomeranchuk, “The Thermal Conduectivity of the
Paramagnetic Dielectrics at Low Temperatures,”
where he wrote:

Such magnetic excitations will be called in
the following “magnons’” (this name was
suggested by L. Landau) ... Since, when
T<6;, the number of magnons is small . ..
we ean neglect the interaction of magnons. . .
It follows from the translation symmetry of
the lattice that the state of a magnon is
defined, in the same manner as in the case
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of phonons, by some vector—the quasi-
momentum p ... enexgy F is a quadratic
funection . . . of the quasi-momentum.

Pomeranchuk read both his papers at a Con-
ference on Low Temperature Physics® held in
Moseow, 27-30 January 1941. In the discussion
Kapitza. mentioned that one would be better
advised to measure sound absorption than heat
conductivity since the former measurements could
be made with more accuracy.

ROTON

The paper by Landau,¥ cited earlier, gives the
definition and pedigree of this exeitation, which
is unique to liquid helium. Landau wrote, “An
‘elementary excitation’ of the vortex spectrum
(of superfiuid helium) might be called a ‘roton’.”
In a footnote Landau gave the credit to Tamm for
suggesting the term roton. Thus, the idea would
seem to be Landau’s and the name to be Tamm’s.
It is interesting, though, that in Landau’s 1941
Physical Review article, which is a shortened
version of his Journal of Physics (U.S.S.R.)
article, the reference to Tamm is missing.

BOSONS AND FERMIONS

The ubiquitousness of Bose-Einstein and
Fermi-Dirac statistics in contemporary physies
needs no discussion here. Each of the particles
discussed above is deseribed by one or the other
of these statistics. As is well known, the former
were written down first by Bose and extended by
Kinstein, while the latter were discussed first by
Fermi and extended by Dirac. A review of the
early history is given by Fowler.®

Bose-Finstein statistics deseribe particles
(bosons) whose wave functions are symmetric,
while Fermi-Dirac statistics describe particles
(fermions) whose wave functions are antisym-
metric. Finding the author(s) of the identification
between statisties and properties of wave functions
is a trivial problem; the first paper we eonsulted
answered everything,.

Dirae’s paper “On the Theory of Quantum
Mechanics,” published® in 1926 gives the authors
of the eoncepts. Dirac first established the connec-
tion between wave function symmetry and the
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Pauli prineciple, and then linked symmetry to
statistics:

We must now make the new assumption that
all stationary states of the assembly (each
represented by one eigenfunction) have the
same ¢ priort probability. If now we adopt
the solution of the problem that involves
symmetrical eigenfunctions, we should find
that all values for the number of molecules
associated with any wave have the same
a prior: probability, which gives just the
Finstein—-Bose statistical mechanies. On the
other hand, we should obtain a different
statistical mechanics if we adopted the
solution with antisymmetrical eigenfunctions,
as we should then have either 0 or 1 molecule
associated with each wave.”

He then proceeded to derive what we now call
Fermi-Dirac statisties. Dirac also gave reference
to a paper by Heisenberg® who, independently,
had established the (lack of a) relation between
Bose—Einstein statistics and the Pauli prineiple.

Boson and fermion were not this easy and it was
only after many examinations of statistical
mechanics and quantum mechanies books that we
stumbled across a book by DeBroglie.® There on
p. 4 we found, “. . . Dirac has called them fermions
and bosons, respectively.” But where and when?
Our first try gave the answer. The 3rd edition of
Dirac’s Quantum Mechanics reads,s

It leads to a special statistics, which was
first studied by Fermi, so we shall eall par-
ticles for which only antisymmetrical states
occur in nature fermions. The new
statistics was first studied by Bose, so we
shall call particles for which only sym-
metrical states occur in nature bosons.

We had owned personally the second edition of
Dirac’s book, which does not contain this identi-
fication.

The particles discussed above do not cover the
complete spectrum of particles or excitations, even
for solid state physics. We note for example that
we have omitted discussion of the helicon. Even
though some authors have written down momen-
turna eonservation conditions for helicon inter-
actions, there is no doubt that the overwhelming
majority of helicon papers seem to be basically
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Tasrr I. The history of -ON’s.
Particle Author of concept Author of name
Boson Particle whose quantum state is symmetric does not obey Pauli Dirac, 1947
principle, Dirac, Heisenberg, 1926.
Electron Unit of electricity, Stoney, 1874. Electron as subatomic particle, Stoney, 1891
Thomson, 1897. Klectron as carrier of electricity in metals,
Drude, 1900. Quantum treatment of electron in solids, Pauli,
1927 and Bloch, 1928.
Exciton Excitation waves which travel through a crystal, Frenkel, 1931. Frenkel, 1936
Fermion Particle whose quantum state is antisymmetric obeys Pauli princi- Dirac, 1947
ple. Dirac, 1926.
Magnon Spin waves, Bloch, 1930. Spin-deviation operators, Holstein and Landau, 19?? (Mentioned by
Primakoff, 1940. Pomeranchuk in 1941.)
Neutron Neutral particle with mass of proton, Rutherford, 1920. Rutherford, 1920 or 1921 (Men-
tioned by Glasson in 1921.)
Phonon Quantum of elastic waves, Tamm, 1930. Frenkel, 1932
Photon Quantum of electromagnetic radiation, Einstein, 1905, Lewis, 1926
Plasmon Quantization of plasma oscillations, Bohm and Pines, 1951. Pines, 1956
Polariton Quantum mechanicai treatment of coupled electromagnetic and Hopﬁeld, 1958
lattice fields, Fano, 1956.
Polaron Localized electron from electron-lattice interaction, Landau, 1933. Pekar, 1946
Proton Hydrogen atoms are the elemental constituent of matter, Prout, Rutherford, 1920
1815.
Roton Elementary excitation of the vortex spectrum in liquid helium, Tamm, 19?? (Mentioned by Lan-

Landau, 1941.

dau in 1941.)

semiclassical. In the sense of the excitations dis-
cussed above helicon is, in our opinion, a name
still in search of its particle.

We freely admit the possibility that we have not
uncovered the “truth” in every case investigated.
One can always be eritical in assessing whether
scientist X really was the first to discuss idea Y.
We would hope that anyone with information or
personal reminiscence more correct than ours
would write a letter to this Journal. A summary of
our paper is given in Table 1.
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describe the origins of “phonon,” and their con-
clusions are substantially in agreement with ours
on the originator (Tamm) and the namer (Fren-
kel) of this particle.
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