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Abstract

Boltzmann esteemed both Mach and Ostwald personally and as experimentalists, but consistently fought them in epistemology. He represented

atomism and realism against energism and positivism. In the early period
Boltzmann also had to struggle against Planck as a phenomenologist, but
he welcomed his quantum hypothesis. As a scientist Nernst was also under

Boltzmann's influence. Einstein learned atomism from (Maxwell and)

Boltzmann. After Einstein had overcome Mach's positivist influence, he
unknowingly approached Boltzmann's philosophical views. Some sociopolitical aspects of the lives of the great physieists will be discussed.

It will be shown how they all, and many of Boltzmann's most eminent

students, in one way or other conflicted with evil tendencies and develop
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ments in existing society.

Ludwig Boltzmann (1844-1906)^, who died just 75 years ago, was not

only one of the greatest minds of all times, but he also established
intellectual contact easily. He corresponded with many colle.agues,-and

he enjoyed debates. After his death the President of the Italian Physical

Society, Blaserna, called him "notevolissimo polemista, molto temuto in
congressi" (a most remarkable polemist, much feared in congresses) - notwithstanding Boltzmann's generally appreciated friendliness and helpful-

ness. Many were also the younger physieists whom Boltzmann, through the
power of his personality, influenced and imprinted.
The interactions of Boltzmann are interesting because they are part

•of the history of science in his time. Moreover,

they throw light on the

positions and roles of a number of the protagonists of science within
society, on the influences which helped to shape them, and on the influence

they exerted themselves. For this study we are. selecting five men with
whom Boltzmann interacted, one of them from Austria, and four from Germany.

In these cases, the societal circumstances are analyzed most easily. May
it be pointed out, however, that Boltzmann was internationally mirtded,

and that he also had much contact, among others, with physieists in Britain
and America.

..

The contents of the present lecture partly overlap with those of a

lecture given to CERN, Geneva, early in 198! under the title "The
intellectual quadrangle Mach-Boltzmann-pianck-Einstein". The text has

since been issued as CERN Report 81-10. Additional references to our

present subject matter will be found there.

Boltzmann and Mach

Ernst Mach (1838- 1916)was born before Boltzmann and he died after
him. Though in consequence of a stroke he had to leave academic positions
in 1901 his raind was active to the end, and he remained a person of great

influence, not only through his writings. Mach was a University professor
at Graz, Prague and Vienna, and here he was in the period 1895-1900
Boltzmann's direct colleague. Boltzmann and Mach personally es.teemed each
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other, and' there was also friendly correspondence

3)

. Mach was a man of

considerable" merits in experimental physics and sense physiology,

especially in optics and acoustics,

■

'

‘

Mach was a socially minded person, far more so tha'n most scientists

of his period. He supported the Social Democratic party of Austria,
•founded and led by Victor Adler. As a member*of the Upper Höuse (Herren

haus) Mach,-'now an invalid, had himself carried there tocast his vöte
for a bill- limiting the length of the working day, and again, afteif the

first Russian revolution, for a bill introducing the general right to
vote. After the outbreak of the terrible First World Waf he remained
faithful to the ideas of peace and did not Support nationalism in any
way. This was no'ted by Albert Einstein, another Opponent of the War, in
•
•
4)
his obituary to Mach .
Yet as scientists Boltzmann and Mach did not agree1’, Boltzmann
was the foremost fighter for atomism in the 19th Century while Mach was

its most prominent Opponent. It is a curious fact that the atoms had been

■accepted and indeed considered as indispensable by the chemists since the

time of John Dalton (1766-1844), but that resistance continued among many

physicists. May it be recalled that atomism had been, since the idea had

been put forward by Demokritos two and a half millenia ago, under a cloud,
Lipks to materialist philosophy were suspected. As late as 1624 in France
the teaching of. atomism was made a crime punishable by death^\

Now why did Mach, a progressive person, struggle against atomism?

No doubt his Opposition was rooted in his positivist philosophy, and
this philosophy, as I have argued elsewhere^", may have been a reaction
to the conditions in the Habsburg empire. This was ruled by the immensely

rieh aristocracy, which could make use of the Roman Catholic Church, of
the military forces and of the central bureaucracy, even though many of

the leaders of these forces were not themselves of noble origin. In the

19th Century this aristocracy acquired additional wealth and power by
taking part in industrial enterprises.
The masses of the population, mostly desperately poor, were made to
o\
accept not only the rule, but also the ideology of the powerful , While

the rule itself could not be justified intellectually, ' the ideology

nevertheless had to be swallowed. To the middle of the I9th Century, the
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formidable Metternich, the founder of the Holy Alliance against progressive
and revolutionary trends in Europe, and his army of censors saw to it.

The Universities were mere tools in the hands of the reactionary State..
Philosophy that was not approved by the official Roman Catholic theologians
was almost impossible. The fate of the mathematician Bernard von Bolzano

,

Professor before Mach of Prague and a theologian himself, was characteristi

because of his progressive views on social matters he was expelled from
the University in 1820. Though later in the Century the hold of reaction

in Austria began to relax, the main positions of power continued to be held
by persons ultimately selected by Metternich and his successors.
Not having forgotten his humble origins and the misery of the working

population Mach refused to accept the rulers' ideology. He was an atheist,

though - from a practical standpoint wisely - he did not stress this point.
He also was a skeptic, and he meant his positivism to be a barrier against
reactionary ideologies. Nothing beyond the direct sensations, extended by
use of instruments, was to be accepted. The purpose of science was merely

the orderly connection of the sensations, the elements of experience, i.e.

"economy of thought". So the atoms also feil under Mach's axe. It was a
tragic fact that in these circums’tances Mach did not recognize the
importance in science of the hypothetical-constructive approach, of which

Boltzmann was the great master. This fact has been critized many times by
5)
Einstein, initially Mach's follower , e.g. in his autobiography.

It may be added that also from the standpoint of practice it is
indispensable to recognize the mutual action of the outer world and the

observing human subject, and not to destroy this possibility by combining

subject and world into complexes of sensations. Seen in this way, Mach's
stand was really counterproductive. I have tried to interpret this stand
on the basis of the contradictions within the positions of Social
Democracy under the Habsburgs^.
Boltzmann'^) argued for the recognizability of an independent outer
world on the basis of what may be called "concordance". Observations of

the most diverse kinds in different fields tend to lead to consistent

results about the properties of the outer world. More particularly,

this

outer world may be assumed to consist of atoms, the atoms in which Mach
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did not believe, as Boltzmann said. About Mach's economy of thought, to
which Mach wanted to limit Science, Boltzmannhad to say in 1892:

"A whole family of modern methodological speculations grewup,. expressed
in the most precise and spirited way by Mach. He maintains. directly that

the aim of Science is nothing but economy of labour. Almost with equal
justification one could, noticing that in business greatest economy is
desirable, consider this economy as the purpose of shops and money -

which would, in fact, in a certain sense be correct. Yet one will not
easily terra as mere economy the Investigation of distances, movements,

sizes, physical and Chemical properties of fixed stars, the invention of
microscopes, and the discovery therewith of the causes of our illnesses,"

In epistemology, Boltzmann was a fighting reanst

.

For corapleteness it may be recalled that Mach’s positivist dogmatism

also induced him to turn against Einstein’s theory of relativity. This
stand was most clearly expressed in the Foreword to Mach's Optics, written

in 1*913 and published posthumously in 1921. Naturally Einstein was dis~
appointed. While he continued to stress Mach's merits, he called him a

''deplorable philosopher".
It was not mere coincidence that after Mach’s premature retirement

it was Boltzmann who undertook, as Mach's official successor, at Vienna
University the teaching of what may be called natural philosophy. Actually
under Mach the title was "History and Theory of the Inductive Sciences"

and under Boltzmann it was "Method and General Theory of the Natural
Sciences". Boltzmann's lectures were a huge success, and many listeners
also from outside the University crowded the hall. Unfortunately, only
little of the contents of the lectures has survived+, but at least we
•
13)
,
know the text of the inaugural lecture
. It is clear that in epistemology

the listeners learned from Boltzmann the opposite of what they had learned
from Mach.

+) Short texts or drafts of the lectures have been found recently.
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Boltzmann and Planck

Max Planck

14 15
’
lived from 1858 to 1947. His origins were utterly

different from those of Mach. Planck came from a successful and welladapted upper middle-class family in the extreme North of Germany. He

began without a quarrel with existing conditions, and if late in life,
under Hitler, he decided to confront political power in his country, this
was due to the straight and incorruptible character of this extraordinary

man.
All his life, Planck was searching for the absolute that is inde

pendent of man’s arbiträriness. Thermodynamics with its magnificent
certainty soon attracted him. Planck feil under the influence of Mach
who through his positivism had seemingly discarded what was doubtful and
not susceptible to verification. Thus young Planck entered the ranks of

the antiatomists, and remained there for a long time. Planck still was an

antiatomist when he became Kirchhoff’s successor at Berlin University in
1891, after Boltzmann had declined in curious circumstances and had re

mained at Graz.
Planck1s antiatomism did not endear him to Boltzmann. Planck later

in his autobiography mentioned the "irritation" (gereizter Ton), which
gave way to "friendly consent” (freundliche Zustimmung) only after Planck

had turned into the opposite direction in 1900. The poor relationship
between Planck and Boltzmann also prevented Planckmuch to his regret,

from joining Boltzmann in his epic struggle against Wilhelm Ostwald, who
had argued his "energism” in the meeting of the German naturalists

(Gesellschaft deutscher Naturforscher und Ärzte) at Lübeck in 1895. More
will be said about this debate below.
16
Jost
has made it plausible that the hatred shown by Planck later

in life against Mach’s positivism, beginning with his famous lecture
"The Unity of the Physical World View" at Leyden University in 1908,
was fuelled by his deep regret that he had allowed himself to be seduced

by Mach to positivism and into Opposition to che great Boltzmann.

Among the incidents in Planck’s anti-Boltzmann period we find the
attacks of Planck’s collaborator, the mathematician Ernst Zermelo, against

Boltzmann’s Interpretation of the Second Law. Zermelo had Planck’s tacit
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backing, as Planck himself admitted. On the basis of a theorem in mechanics
by Henri Poincare, Zermelo^ in 1896 had raised his "recurrence objection",

as it later (1911) was called by the Ehrenfests

1 9)

in a famous article.
20)
Paul Ehrenfest, of Vienna, had been Boltzmann's Student. Boltzmann
answered violently, and at one stage in the discussion he advised Zermelo

to keep his fingers off the "gas theory" if were too difficul.t for him.
Another incident was Boltzmann's successful refutation in 1898 of Planck's
contention, in 1897, to have demonstrated a one-sided irreversible effect

of oscillators on the energy of the surrounding field. With his far greater
.
21)
.
.
.
experience, Boltzmann
showed that according to classical dynamics each
of Planck's processes can proceed equally well in the opposite direction.
Yet on the oceasion of the German naturalists' annual meeting at

Munich in 1899 talks with great consequences took part between Boltzmann
22)
’
.
and Planck
. For a decade Planck had been concentratmg on the great
Problem of spectrum of the light in equilibrium with a hot black body.
The oscillator-field question also had turned up in this context. Kirch-

hoff had proved that the spectrum is independent of any properties of the

black body, and depends only on temperature. This feature of absolute

validity greatly attracted Planck.
Moreover, the problems of radiation had extreme practical importance

in the search for improved light sources and also in the attempts to

reduce radiation losses in industry. Some of the leading firms in the
field (AEG, Osram) had their headquarters at Berlin. Further experimental
work was done at the Physikalisch-Technische Reichsanstalt-there,

originally headed by the "Reichskanzler der deutschen Physik", Helmholtz.
While practical applications probably were not in Planck's mind, he had
the benefit of close contact with experimentalists in the field.

A fundamental paper in this area had been, of course, Boltzmann's
23)
"true pearl", of 1884, as it was called by H.A. Lorentz
in his obituary
24)
to Boltzmann. In his derivation of the Stefan law, Boltzmann
had here

approached, though not explicitly introduced, the notion of the entropy
of radiation.
While Planck in his endeavours had had much success in detail, the
complete and fundamental solution of the problem of black body radiation
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still escaped him for a long time. He stablished his famous equation only
in 1900 after he had applied Boltzmann statistics to his oscillators, and
after he had quantized the exchange of energy between the black body and
the radiation field. The numerical value of the quantum of aetion, h, was

taken from the excellent experiments of Planck's eolleagues at Berlin.

The Statistical methods used by Planck to compute the distribution of

energy among the oscillators recall those employed by Boltzmann when he

worked out the distribution of energy among molecules of a gas. Only, in
contrast to Boltzmann, Planck did not let the energy intervals go down to
zero.

While in the beginning Planck's oscillators were not identified with

atoms, it was inevitable that with the application of quantum theory to

atomic structure (by Arthur Haas at Vienna and, more successfully, Niels
Bohr at Manchester and Copenhagen) the nebulous oscillators shou'ld give
way to atoms and larger units composed of atoms. In fact, we do not hear
any more of Planck's reservations about atoms. On the contrary, from now

onwards, Plancknever missed an opportun!ty of singing the praise of
Boltzmann and all his ideas in atomic and molecular statistics. This fact
again expressed the intellectual integrity of Planck the man.
A most important by-product in the application of Planck's radiation law

was the independent evaluation of the constant k, named the Boltzmann

constant by Planck (!). Boltzmann's principle, as it was called by Einstein,
is now generally written

S = k • log W .

In this form the equation is also engraved on the beautiful monument to
Boltzmann in Vienna's Central Cemetery. Few realize that the principle
was not expressed in this form by Boltzmann, but by Planck. Boltzmann

thought in terms of mols rather than of molecules, and so he had to use
the gas constant, R, rather than k. Apparently he wanted to keep his

Statistical work independent of results about the actual size and weight

of atoms. Of course, comparison of R and k leads to a value of Loschmidt's
(or Avogadro's) number, N.
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(ln brackets it may be added that Einstein

25)

accepted quantization

and also Planck’s numerical value of the constant, h. Yet he considered

the derivation of Planck’s equation as unsound. The idea of the light
26)
quantum, called photon by G.N. Lewis
, was Einstein's. As late as 1912,

when Planck promoted the appointment of Einstein as research professor
at the Berlin Academy, he - along with three other most eminent men:
Walther Nernst, Heinrich Rubens, Emil Warburg - in an extraordinary
27)
document
still denied the existence of light quanta. On the other hand,
Ehrenfest took sides with Einstein, whom he did not know personally until
1912. But these are other stories 28 ’ 29)1 .)

One should think that Boltzmann was greatly cheered by Planck’s

conversion and by the triumphant conquest of the radiation field by

his own, atomistic-statistical, ideas. In fact we know from Planck’s
autobiography of encouraging letters received from Boltzmann. This

correspondence, on both sides, disappeared in the Second World War, a
tremendous loss to science historians. In the circumstances it is surpris30)
.
ing that according to his Student Lise Meitner
Boltzmann m his classes

never referred to Planck, or, for that matter, to Einstein, whose papers
on Brownian movement and on the light quanta, both in 1905, he also could

have read. It looks as if Boltzmann was determined not to go beyond the
19th Century.
After Planck had retired from his chair at Berlin University, he
was replaced by Boltzmann's scientific grandson, Erwin Schrödinger.
3 1)
Schrödinger
said of himself: "Boltzmann's line of thought may be called

my first love in science. No other has ever enraptured me or will ever
do so again."

Boltzmann and Ostwald

In many ways, Wilhelm Ostwald^’^3, 34)

iq53—1932) was a remarkable

and meritorious man. He had incredible vitality and productivity. He was
one of the founders of the new scientific branch of tremendous importance,

physical chemistry. He made his institute in Leipzig, which he headed
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during the years 1887 to 1906, the centre of the field, and many of his
graduates subsequently became leaders themselves.

Ostwald was a most successful research worker. Among many other
things, he interpreted the enormously important fact of catalysis on a

theoretical basis. Moreover he developed practical Catalysts for the
oxidation of ammonia to nitrous oxide and nitric acid. This process be

came, of course, the basis for the production of explosives in peace and
war.

Already in 1904 Ostwald had written books totalling 16 enzyclopedia-

size volumes, all by his own hand. When he was asked how he could write

so many good books he replied: "Very simple. On one side Stands my son
who hands me the empty writing paper, and on the other side my daughter

who takes the full paper away." One could add that maybe the Ostwald
children worked in shifts as there were three boys and two girls. It is

real ly striking how much attention Ostwald, in his memories, had to give
to the purely technical problems in writing, which he enjoyed greatly.
The typewriter was a boon to him. Ostwald also organized and edited

periodical and other literature. His interests included natural philo

sophy, the history and Organization of science, Standardization, didactic
principles, a world language and, last not least, colour theory. Broadly
speaking, he was a progressive person, and he argued against the "royal

Prussian philosophy" (königlich preussische Weltanschauung).
Ostwald had visited Boltzmann at Graz in 1887, and a life-long friend
ship was established, a friendship, may it be added, of a rather unusual

kind. There were many areas of disagreement between the two men, and
Boltzmann did not mind at all arguing rather hotly against Ostwald in
public. Yet in 1904 Boltzmann still said that he hoped to be reckoned

among Ostwald's best friends. Ostwald, on the other hand, appreciated
the intellectual superiority of Boltzmann. He expressed his admiration
35)
32)
both in his obituary
for Boltzmann m 1906 and in his autobiography

in 1926. ln any case, the personal friendship of the two men remained
undisturbed, and it extended to both families.

We shall point to two major debates. The first concerned Ostwald's
doctrine of "energisra" (Energetik), to which Boltzmann was bitterly
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opposed. It started with Ostwald's proper concern with energy and with
the problems of its production and Conservation. This became a matter of

central importance during the industrial revolution, but Ostwald also

considered energy use by organisms in general and by humans in their
daily life in particular. The central role given to energy was expressed

by Ostwald when he named his family home near Leipzig "Haus Energie".
Boltzmann jokingly retorted that he might name his family home at Vienna

"Haus Entropie". Üstwald even wrote a book about what he called the
36)
"energetic imperative"
.
Trouble started when Ostwald tried to see

of which

in energy the real matter

the world is composed - matter in the philosophical sense. This

went at the expense of other constituents, and in this process the atoms
also had

to be thrown overboard. For the founder of physical

chemistry,

this was

rather an extraordinary Step to take. Enlisting the help of the

mathematician Georg Helm, Ostwald cast his ideas into a whole System,
supposed to be seIf-consistent. It is not worthwhile here to go into
technicalities. The fact is that Ostwald's thought structure was utterly
demolished by Boltzmann in articlesand in the famous debate at Lübeck,

to which reference has already been made in connection with the problems

of young Max Planck. There Ostwald had the intention of overcoming (über
winden) what he called "scientific materialism". The event has been well
described by one of the younger participants, Arnold Sonmerfeld

7: "The

report on energism was given by Helm, Dresden. Behind him, there stood
Ostwald, and behind both the natural philosophy of the absent Ernst Mach.
Boltzmann was the Opponent, seconded by Felix Klein. The struggle between

Boltzmann and Ostwald resembled, externally and internally, the struggle

of the bull against the flexible torero. But this time the bull won against
the torero in spite of all his fighting skill. Boltzmann's argumertts

penetrated. We, all the then younger mathematicians, stood at Boltzmann's

s i de , "
Ostwald was still unconvinced of atomism when he lured Boltzmann to

a chair at Leipzig in 1900= The controverses with Ostwald may have been
one of the reasons why Boltzmann, gave up soon and returned to Vienna as

early as 1902, though

the superiority of Vienna over Leipzig in respect

1) to scenery, and 2) to cookery may also have contributed to Boltzmann's

decision. Ostwald did not recant before 1908 when Jean Perrin's experi

ments on Brownian movement had confirmed Einstein’s and Smoluchowski's
quantitative theory of fluctuations» based on Boltzmann's atomistic

concepts. Still, Ostwald's late reconversion was better than Mach's in

credible stubbornness, which prevented him from seeing the light at all
during his life time. After his converwion, Ostwald also paid glowing

tribute to the great atomists of antiquity, Demokritos, Epikuros and
Lucretius.

It may well be asked what the relationship of Ostwald and Mach in
the business of antiatomism and energism was. This question has been
2) '
discussed by Blackmore
. It appears that Mach was m a sense quite pleased
with Ostwald in the latter's struggle against the atoms, On the other hand,

he refrained from openiy associating with Ostwald, and remained, more
cautiously, in the background. The ebullient and tempestuous ways of
Ostwald cannot have been to Mach's taste. Moreover there was the danger

that Ostwald would just replace atomistic "metaphysics" by a sort of
energetic metaphysics, i.e. make Statements not in accordance wich
positivist Standards. In any case, the two men were on respectful terms.

In particular in correspondence Ostwald expressed high esteem for the
senior colleague 3 ’ 38)7. At one stage Ostwald even invited Mach to a chair

in Leipzig, but Mach, pointing to his age, refused. This was the chair
that was later held by Boltzmann.
A second problem where Boltzmann took issue with Ostwald was a curious

one: the question of happiness. Ostwald had proposed a surprisingly simple

algebraic formula purporting to describe the amount of happiness of an
individual, naraely E2-W2. E is the energy spent intentionally and successfully, W the energy spent in repulsion, Ostwald's attempt was in keeping

with his strong inclination to quantify phenotnena. This inclination served
well enough not only in scientific research, but also in Ostwald's many
ventures that required planning and organization.

With happiness, however, Ostwald had clearly overshot his mark.
Critics could have held against Ostwald that his formula betrayed a lack

of depth in feeling, a tendency to deal in a pedestrian way with human
emotions and their manifold aspects. In fact, reading Ostwald's voluminous
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32)
.
and detailed autobiography
one gams the impression that these emotions
were strong enough in connection with his scientific, other Professional
and philosophical efforts, but that they were somewhat onesided.
39)
.
However, Boltzmann
argued against Ostwald on a different level.

In the written Version he devoted no less than 15 pages to the matter.
Since 1886, Boltzmann had given more and more attention to the Darwinian
analysis of phenomena in the world of organisms, including humans. Boltz

mann's devotion to the great biologist may be gathered from his remarks

that he considered the 19th Century as Darwin's Century and that he expected all Salvation for philosophy from the teachings of Darwin.

Boltzmann was not only an admirer of Darwin, but he also developed
Darwinian arguments in several fields'’'2,40). ^hese attempts were, in
the present author's opinion, successful. Here we just name them. Boltz

mann explained the meaning of plant photosynthesis, as it arose in the
struggle for existence, in thermodynamic terms. Further, he suggested

ways in which simple organisms may have formed from nonliving matter in
primordial waters. Finally, following Darwin he interpreted the gradual
evolution of mental functions,-of memorj and of consciousness, through

adaptation to need. Boltzmann's interest in biology, a field characterized
by increasing complexity and order, may have been more than fancy. It

might be derived from his deep concern with entropy and the natural trend
towards disorder.

Now in his hard polemic against Ostwald Boltzmann discussed the

meaning of the moral and the esthetic sense as seen from an evolutionist
standpoint. These senses, which'we also find, in simpler forms, among
nonhuman animals, are means to facilitate survival. In the struggle for

existence, they turn the activities of individuals and groups into
directions that are favourable to survival of the species. According to
Boltzmann, pains arise as a warning, and in following the trend to happi-

ness individuals follow the directions that are good for the species.
The danger of oversimplification in the application to humans, where
• ,
v
.
, ,
■
,
v
•
,
„12,40,41 )
social subgroups, nations and classes exist, has been pomted out
.

However, the capacity for happiness has certainly been inherited by humans
from animal ancestors.
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Boltzmann's strong emotions were evident in his choice of words four
years before the controversy about happiness, namely, in the inaugural
42)
lecture at Leipzig
: "We understand .why only individuals could

continue to exist who ... strove towards (influences) that were needed
for their own preservation or that of the species. Thus we understand

how the whole intensity and power of our emotional life evolved, joy and

pain, hatred and love, desire and fear, delight and despair."
39)
Boltzmann
also gave his reason for his long and strong polemic
against Ostwald. Somebody might have objected that this particular product

of Ostwald did not justify so much attention. Indeed Boltzmann himself
confessed that he was not sure whether Ostwald was not merely joking.
But Boltzmann concluded his polemic: "Why does an essay like the one by

Ostwald, seemingly so harmless, appear so dangerous for science? Because
it means a relapse into the pleasure with pure formalalities, a relapse

into the so pemicious method of socalled philosophers to construct thought
structures (Lehrgebäude) from mere words and phrases ... a relapse into

the method to let oneself rule by prejudice ... not to see mathematics

because of a lot of algebra ... not the true philosophy because of a lot

of nonsense (Krimskrams) that decorates itself philosophically ..."

Boltzmann and Nernst

The great physicist and chemist Walther Nernst

43 44)
’
(1864-1941) was

the son of a judge in West Prussia. He spent several years in che 1880s
with Boltzmann at Graz and did his doctoral thesis there. Some of the
time, his friend,

the Swede Svante Arrhenius, was also at Graz. Arrhenius

founded the theory of the electrolytic dissociation of salts into’ions.
He had to fight hard, especially in his home country, before this theory

was generally accepted. After leaving Graz, Nernst continued his academic
career as collaborator of Ostwald at Leipzig. He had met Ostwald through

Boltzmann in Graz. Later Nernst moved to Göttingen and Berlin.

It was Nernst who on the basis of Boltzmann's atomism, of the ion
theory of Arrhenius and of the general physico-cheraical methodology of
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Ostwald established the fundamentals of modern electrochemistry. Concepts

like Standard potential, electromotive force, electrochemical series,
solution pressure, diffusion potential all are owed to Nernst. Later
Nernst turned to the problems of specific heats at low temperature. These

investigations led to the discovery of Nernst's theorem, .also known as

the Third Law of thermodynamics.
Nernst did much to help the acceptance by the chemists of the latest
ideas in physics, especially of the quantum theory. He also consistently

supported Einstein, and helped to bring him to Berlin. Nernst especially

admired Einstein for his concise equation E = mc2. With his characteristic
black humour he said to a colleague: "If somebody found such a beautiful

thing he ought to sit back and stop working". When this was reported to
Einstein, he remarked: "That would suit him, the old rascal (Gauner)".
45)
Einstein
much appreciated Nernst, though he was a different person
indeed.

Nernst was thoroughly convinced that it was one of the tasks of

science to serve technology. He combined this conviction with an optimistic
•
47)
appreciation of his own personal capabilities. When young Emil Abel
,
a physical chemist from Vienna, later famous, arrived at Göttingen in
1899, Nernst greeted him: "You come from Vienna, Boltzmann's town. Always
remember his wise word: Nothing is more practical than theory. This you
see from the ophthalmoscope of Helmholtz, the gas light of Auer, the rays

of Röntgen, my lamp."

.

Nernst knew how to promote his interests and was immensely success

ful in practical matters. Thus he succeeded in selling his patent on the
electric "Nernst lamp" to the rieh electric Company AEG for the then huge
sum of 1 million marks. Skeptics suspected that at that time Nernst was

already aware that his rather clumsy device had no chance against Langmuir's

incandescent lamp based on tungsten, at that time in development.
Nernst was on friendly terms with Kaiser Wilhelm and it was he who
got his ambitious and active sovereign to make possible the birth of the
Kaiser-Wilhelm-Gesellschaft, financed by industry. After the Second World

War it was renamed Max-Planck-Gesellschaft and still has enorraous importance

By the way, Nernst also initiated the famous Solvay Conferences on physics
at Brussels.
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Indeed Boltzmann, too, was a glowing admirer of technology and of
technical practice. For instance, after expressing his devotion to theory,
48)
.
he
said in 1890 that the equations of theory guide the ships, allow

the construction of BrooklynBridge and of the Eiffel Tower, theoretical
chemists become rieh men through the practical application of their

syntheses, and electrotechnics is applied theory. "Perhaps the time is
not far when every household bill will glorify those great electricians

(Ohm, Ampere), and in the next Century perhaps every cook will know with
how many Voltamperes the meat is to be roasted, and how many ohms her

lamp has."

However, Boltzmann did not personally and directly contribute to
technology. This is not unusual for theoretical physicists, and a factor
may also have been that the trend to technical Innovation was not strong

in Austria at the time, Ultimately as a consequence of Austria's multio\
national structure, industry was.not so well advanced . As a further
consequence, many important parts were in foreign, mostly German, hands.

Boltzmann and Einstein

Albert Einstein was the only one of our heroes in this lecture whose

relationship with Boltzmann was not mutual, During his young years at
Zürich and Berne Einstein studied Boltzmann along with Maxwell, Hertz,

Mach, Kirchhoff and Lorentz. But young Einstein would have been too shy
to approach personally the great master even if he wanted it+. Einstein
did not see a live theoretical physicist before the naturalists' meeting

at Salzburg in 1909. On the other hand, there is no reeord that Boltzmann
ever heard of Einstein, or had seen one of his papers.

Elsewhere I have dealt with the influence of Boltzmann (and of Mach)
.
. 5 49)
•
on Einstein ’
in some detail. So it will be sufficient here to emphasize

some main points. The huge scientific work of Boltzmann was known to
Einstein only in parts, as he noted, with regret, in his autobiography in

+) It seems now that Einstein did write to Boltzmann.
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1949. So Einstein independently rediscovered many results that had been
laid down long ago by Boltzmann. Nevertheless, Boltzmann's influence on
Einstein was deep and lasting. One of the foremost collaborators of
Einstein in his Berlin time, the Hungarian Cornelius Lanczos^^\ called

.

Einstein the natural successor of Boltzmann.
Einstein’s first articles were entirely within the Boltzmann

tradition. His work on fluctuations and Brownian movements, also the

subject of one of the three main papers in Einstein’s "wonderful year",
1905, was undertaken because of his desire to guarantee the existence

of atoms of definite, finite, size, as he told us in his autobiography.
Moreover, Boltzmann's principle, the equation linking entropy and

probability, and altogether Boltzmann's Statistical methods were used
for the light quantum hypothesis, put forward likewise in 1905. (By the

way, the expression "Boltzmann's principle" seems to have been coined
by Einstein, namely, in later years.) In this way, both roots of quantum
theory, the Planck root and the Einstein root, go back to Boltzmann. The
28 51)
contribution of Einstein was enormous
’
, though it is often under-

estimated by nonphysicists. The quantization of the electromagnetic field

was, of course, a procedure that would have met the wholehearted approval

of Boltzmann, had he still been active in research. Quantization meant
the introduction of discontinuities into the field. In a sense, the field

is now also supposed to be composed of atoms.

In respect to epistemology it was shown in previous articles on the
5 49)
.
.
•
influence of Mach and Boltzmann on Einstein ’
that in the beginning
Einstein was much under Mach's spell. Clearly the value of Mach's
criticism of the dogmatism of classical mechanics induced him to swallow

at least some of Mach's positivist philosophy as well. However, gradually,
and not without contradictions and relapses, Einstein took up positions
.
. 52)
of philosophical realism. For mstance, m 193! Einstein
began an

article in honour of Clerk Maxwell with the words: "The belief in an
external world independent of the percipient subject is the foundation

of all science". This Statement would have made Mach shudder. The
epistemological views of the later Einstein were much like those of
Boltzmann, although it is more than unlikely that Einstein ever saw

]?

Boltzmann's philosophical writings. In any case, he never referred to

them.

It is true that at the end of hi.s life Boltzmann

53)

called the views,

which he held, materialist: "Idealism asserts only the existence of the

ego, the existence of various ideas (Vorstellungen), and seeks to explain
the existence of matter from it. Materialism Starts from the existence

of matter, and seeks to explain the sensations from it." Einstein pte-

sumably would not have liked the term "materialist". He followed Spinoza
and called himself a pantheist. Yet it is doubtful whether there was much
difference between the two men in respect to epistemology, except in

terminology and emphasis. The pantheist Spinoza was also datnned or praised,
as the case may be, as a materialist. These problems have been treated
,,,,6,12,41)
elsewhere berore
.
In their scientific interests, we do find differences between Boltz

mann and Einstein. Here a few words are to be said on biology. Äs has

been seen, Boltzmann was a fervent supporter of Darwin. While Einstein,
of course, did not doubt the facts of evolution, he was, apparently, not
involved. It is hard to understand why Einstein, a man of deep culture
,
.
j .
c
•
•
c r• i
12,40,41)
and wide interests, escaped the fascmation of biology
.

Mach's and Boltzmann's fate

In conclusion, let us look at the position of our six heroes within
their societies. How close were they to the centres of influence and
power, and what were their fates? In the analysis we can make a difference
between those men who lived in the stable and seemingly progressing

empires of Central Europe before the First World War (Mach, Boltzmann)
and those men that reached into the times of upheaval that culminated in

the Second World War (Planck, Einstein). Ostwald and Nernst had Inter

mediate positions.

It has been seen that Mach was a man of progressive Outlook. He
never had, nor sought, any great influence on public affairs, but it
speaks in favour of the liberalism of'Franz Joseph's Austria in later
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years Chat Mach had no political difficulties in his scientific career.
He was even appointed a member of the üpper Chamber of Parliament, as
has been seen. Perhaps this appointment was intended to please the Social
Democrats. When in 1914 the War broke out, Mach was old and paralyzed,
but even so the War gave him a chance of showing his consistency as a

supporter of peace, as has been pointed out»
Boltzmann was less interested in politics than Mach and also less

informed. Yet he was a forward-looking man of democratic and (not quite
consistently) republican convictions. This is shown by numerous passages

in his writings, most notably in his inaugural lecture on the Principles
42)
of Mechanics
at Leipzig (1900). Boltzmann's progressive convictions
also found expression in his boundless enthusiasm for Schiller, the writer

of "Die Räuber" (The Brigands), and for the republican Beethoven. Further,
■
54)
it is significant that Boltzmann
feit so much attracted to the America

of his day, the leading republican country. "Freedom breeds colossi"
Boltzmann quoted in his beloved Schiller during his journey to California.

On the other hand, one would gather from Boltzmann's writings that
the misery of the working dass, the ideas of Socialism and the practice

of the Trade Union movement just did not exist. In the circumstances it

is most remarkable that Boltzmann through sheer intellectual power and
integrity arrived at a philosophy quite similar to that of Friedrich
Engels.

At any rate there was no head-on clash of Boltzmann with Franz Joseph.
The Emperor was quite ready in 1902 to sign the decree by which Boltzmann

was recalled from Leipzig to Vienna, provided only that he gave his word
of honour never to leave Austria again.

Here we may interpolate a few remarks about the attitudes to science
Q\
and scientists of the two Emperors. Franz Joseph did not care for science

or for that matter, for intellectual pursuits; his favorite topics of
conversation were 'the military and hunting“^. Very few reports of exQ \

changes of views with eminent scientists exist

. There is no record at

all of any talk with Mach or Boltzmann. Nor did Franz Joseph feel any
urge of meeting his other subject of genius, Albert Einstein. He only

made it a condition of the appointment of Einstein to the chair in Prague
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University that he did not remain without official religious denomination,

Einstein informally rejoined the Jewish religion, which he had left. On
the other hand, Franz Joseph did not personally interfere with his
scientists.

Everything was quite different with Wilhelm the Second, He was the
aggressive chief of an expanding empire. He knew that a powerful Germany

needed advanced science, He promoted the Organization of scientific re

search, and he also sought the personal acquaintance of scientific leaders,
including Fritz Haber, Otto Hahn, Richard Willstätter. Scientists in
Germany could be pleased with the support got.
However, this support by Wilhelm had its price. The scientists were

expected to absorb and to transmit Hohenzollern-type nationalism. For
instance it was probably not easy to refuse sxgnature of the appeal of

the 93 intellectuals in explicit favour of German militarism in 1914.
Ostwald, Nernst and Planck did sign. Also war research was called for.
For instance, Haber, a really great physical chemist, became, unfortunately,

the father of gas warfare, Nernst also was active in the development of
armamen ts.

In Habsburg Austria, scientists got much less support from public
funds as science was not appreciated. On the other hand, in the last period the
scientists could do in the Universities, their flats and the coffee houses

more or less what they liked, and they were not prodded or interfered with.
Boltzmann as well as Mach was given the purely honorific title of Hofrat

(Aulic Counsellor) - a title, by the way, that curiously is still awarded
in my dear country, the second Republic of Austria.

Ostwald’s and Nernst's fate

Ostwald and Nernst, both efficient and productive, both keen on

technology, and both nationally-minded (though not Chauvinist) were really
well adapted to act according to the demands of existing German society,
and they were well thought-of in official quarters. Yet both men ran into

difficulties.

•
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Ostwald retired from his chair at Leipzig prematurely in 1906, The

reasons were of a personal nature. He considered his teaching obligations
as excessive. But at bottom there may have been deeper reasons. Apparently
Ostwald feit that he had not enough scope in his activities for a more
rational way of human life, His urge to do more for his general ideas led
him in 1911 to accept, as successor of the outstanding Darwinian biologist
Ernst Haeckel, the chairmanship of the "Monistenbund1’ (Monists1 Society).

This was an organization with a fairly large following of intellectuals
with a broadly progressive Outlook, though without direct political

affiliation. Atheist, pacifist, but also technocratic tendencies were

strong, Ostwald was a powerful and successful chairman, active and full
of ideas. He worked for rational, science-based policy, for international
collaboration and for world peace.

But the outbreak of the War set an end to these activities. Although
Ostwald was acquainted with Karl Liebknecht and had even, before the war,
spoken from the same platform against the influence of the Churches, he

definitely did not take part in Liebknecht's brave struggle against the
war after his outbreak, Ostwald was not free of nationalist prejudice in

respect to the nations of the East, as can be seen in his autobiography.
After 1914 he never returned to public life and became a kind of gentleman

scientist in his "Haus Energie". He died just before the Nazis came to
power.
The First War also produced difficulties for Nernst. Both his sons

were killed at the front. While Nernst was a fervent patriot, or perhaps

just for this reason, he doubted the wisdom of the war policy. Especially
after the entry of America into the war, Nernst foresaw a bad end, and
told the Kaiser so. Less clever than Nernst, Wilhelm did not find the

right reply. Instead he arranged for a meeting of Nernst, in his own
presence, with the chief military leaders, the Field Marshai Paul von

Hindenburg, and the Chief of the General Staff, Erich Ludendorff. The
latter did all the talking and proved deeisively that Germany was bound

to win. This was the end of Nernst's friendship with the Kaiser. In the

Weimar Republic, Nernst remained a major power in science. But he strongly
disliked the Nazi barbarians, and he died in Isolation in his country
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estate in the middle of the Second World War. It was characteristic of
Nernst that he did not raind his two sons-in-law being Jewish.

Planck's and Einstein's fate

In the early years of the Century, Planck had gradually become the
recognized leader of theoretical physics in Germany. He was elected
Perpetual General Secretary of the Prussian (Berlin.) Academy of Sciences
in 1912, and appointed President of the Kaiser-Wilhelm-Gesellsehaft in

1930'.
Planck had been a conservative all his life and supported the exist

ing Systems of government first in the empire of the Wilhelms and later

in the Weimar Republic. Even after Hitler had come to power in 1933 Planck
still considered it his dufcy to defend che Reich government against what

he feit were unwarranced attacks from abroad, Yet Planck’s integrity and

humane character inexorably pushed him towards confrontation with Hitler.
The clash took place in dramatic form, still in 1933. Received by the
Reich Chancellor, Planck^^ tried to argue for some of his persecuted

colleagues, many of them Jews. Hitler answered viciously and started one
of his famous monologues. Planck’s mission had failed. This did not deter
57)
.
...
Planck
from speaking out in public in favour of his friend Einstein,
now a refugee, at a meeting of the Berlin Academy on May II,

1933: "I

believe to express the view of my colleagues in the Academy, as well as

that of the overwheltning isajority of all German physieists, saying:

Mr. Einstein is not only one among many outstanding physieists, but
Mr. Einstein is ehe physicist, by whose works published in our Academy

knowledge in our Century has reached a depth, the importance of which
can be measured only by the achievements of Johannes Kepler and Isaac

Newton." Planck’s incorruptible attitude in 1933 may have been a factor
why Hitler readily sent Planck’s only remaining son of his first marriage,

Erwin, to death in 1945 after Planck’s first son had been killed in the
First World War. Even before, Max Planck himself had fled burning Berlin
and his destroyed home. He died almost exactly half a Century after Ludwig

Boltzmann.
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Not much need be said here about Einstein’s fate, The son of an

'

unsuccessful, impoverished and uprooted businessman-inventor knew some

of life's darker aspects from the beginning. All his life he was a
determined democrat 'and Internationalist, he always hated war, and in
middle life he began to embrace Socialist^’^®) ideas, The dangers and
diffieulties which Einstein had to face because of his views and activities
during the second half of his life, from the First World War to his death,

are common knowledge among educated persons. Mankind can be happy and

proud that the greatest scientist

of this Century was at the same time

a tower of moral strength and a leader to follow.

Boltzmann's students in the Wars

Boltzmann’s Student and iranediate successor at Vienna, Fritz Hasenöhrl

(1874-1915), a most talented physicist, was killed on the Italian front

during the First War. Marian von Smoluchowski (1872-1917), a Pole, but
brought up at Vienna, Professor first at Lwow (Lemberg) and later at

Cracow, succumbed to typhus. This was, of course, also a consequence of
the war,
Paul Ehrenfest (1880-1933) killed himself in Amsterdam, While personal
reasons were in the foreground, the general darkening of the skies after

the advent of the Nazi regime must have contributed. Ehrenfest's students
Fermi, Goudsmit, Uhlenbeck and Weisskopf were prominent refugees from
Nazism during the Second War, Philipp Frank (1884-1966), originally of

Vienna, was driven from Prague University to America, and Lise Meitner

(1878-1968), also a native of Vienna, from Berlin to Sweden, Stefan Meyer

(1872-1949) was expelled from his directorship of the Vienna Radium
Institute and barely kept his life in a remote place of the Austrian Alps.

Karl Przibram (1878-1973) survived in Belgium, living Underground as a
"U boat", but his brother, the famous zoologist Hans Przibram (1874-1944)

was caught by the Nazi criminals in Holland and driven into death in the
concentration camp of Theresienstadt.

Among Hasenöhrl)s students, Erwin Schrödinger (1887-1961) voluntarily
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left Berlin after 1933, as he refused to live in the new political climate.
After 1936 he was Professor at Graz, but he. was caught there by the in-

vading Nazis in 1938, and iraprisoned. Subsequently he escaped by way of
Italy, and spent the war years at Dublin, He contributed to the Free
Austrian Movement in London, which stood for freedora, independence and

democracy of Austria. Some time before his death he returned to his native
Vienna,

Schrödinger's close colleague as Hasenöhrl’s Student, and friend,
was Hans Thirring (1888-1976), who in physics worked on relativity. He

was a pacifist, an enemy of Nazism, and later also a Socialist. He was

expelled from his chair in Vienna University after the occupation of
Austria in 1938. After the Second War, he took a lively part in public

affairs, wrote a number of successful books on problems of war and peace,
and was for a time a member of Parliament. He was also,

together with his

life-long friend Albert Einstein, among the founders of the Pugwash Move

ment for world peace.

Addendum about Planck *s Students

When speaking of his relatively few students, Planck singled out
Moritz Schlick (1882-1937) and Max von Laue (1879-1960). Schlick did his
Ph.D. Thesis under Planck, but he later turned to philosophy. As professor
at Vienna University, he was the. leading person in the "Vienna Circle".
Its members, united in their emphasis on the importance of natural science
for philosophy, were often, like Schlick in his later years, positivists,
but some also tended towards realism, like Otto Neurath. Broadly speaking
they all were progressives, and they abhorred the antiscientific and antiintellectual ideology of the Fascists, especially the Nazis. So it cannot
surprise too strongly that the premeditated murder of Schlick by an unbalanced reactionary fanatic was actually welcomed in the influential
right-wing Journal "Schönere Zukunft"®). After the occupation of Austria
by Hitler’s armies the murderer was released from prison.
Max von Laue had great successes in the thermodynamics of radiation.
ln 1914 he was awarded the Nobel Prize for his epoch-making discovery, in
1912, of the diffraction of X-rays in crystal lattices. Between 1919 and
1343 he was professor at Berlin University. Like Planck, he was a conservative. But he truly hated Nazism, and was its most courageous and upright
foe among the scientists. Many instances of this hostility are found in
the book edited by Kirsten and Treder®?). As a consequence, after the
Second World War Einstein expressed high esteera öf Laue's character.
For very different reasons, neither Mach nor Einstein founded a school.
Mach was not constructive, as emphasized by Einstein in a famous letter to
his friend Besso. Einstein was introverted, and generally preferred collaboration with experienced scientists. In contrast, Ostwald and Nernst
educated many excellent students. It would be a difficult but rewarding
task to trace their paths in life.
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Addenda

Short biographies full of valuable information were written by
E.N. Hiebert in: C.C. Gillispie, ed., Dictionary of Scientific Biography,

Scribner, New York:
Ernst Mach, Vol. VIII, p. 595

Wilhelm Ostwald, Vol. XV, Suppl.

1, p. 455

Walther Nernst, Vol. XV, Suppl. 1, p. 432.

A short biography of Ludwig Boltzmann, by S.G. Brush, is found ibid.,

Vol. II, p. 260.

The book on Boltzmann by Broda

30)

has now been translated into

English: OxBow Press, WoOdbridge, Connecticut.
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