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Ludwig Boltzmann, Austrian physicist; devoted the second part of his life to
philosophy. His natural philosophy is of grea importance in the fields of philosophy
of science and contemporary philosophy. This article presents (a) his biography; (b)
different aspeds of his natural philosophy; and (c) bibliography of his philosophicd
works and the works devoted to his natural philosophy.
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Biography

To understand who was Ludwig Boltzmann, it is useful to note two descriptions
reported at the beginning of Broda's famous book, Ludwig Boltzmann: Man,
Physicist, Philosopher. (i) In J. Bronowski’s eledric view of human thought The
Ascent of Man, Ludwig Boltzmann is praised in the following words. “And yet one
man, a the aiticd turn of the century, stood up for the redity of atoms on
fundamental grounds of theory. He was Ludwig Boltzmann, at whose memorial | pay
homage. Boltzmann was irascible, extraordinary, difficult man, an ealy follower of
Darwin, quarrelsome and delightful, and everything that a human being should be.”
(i) Paul Feyerabend notes in the Encyclopedia of Philosophy: “In his redizaion of
the hypotheticd charader of al our knowledge, Boltzmann was far aheal of his time
and perhaps even our time.

Ludwig Eduard Boltzmann was born February 20, 1844in a house on the main stred
of the Landstrasse district of Vienna. His father was an Imperial and Royal Cameral-
Concipist, a tax official, and his mother, Katharina Pauernfeind, was from Slzburg.
From childhood he lived in seaurity and material comfort. He recaved his preliminary
educaion from a private tutor in the house of his parents. At the age of 15 he lost his
father. He was very industrious and with the exception of one term, he dways was the
best in hisclass

In 1863 he ettered to the University of Vienna to study physics, and receved his
doctorate in 1866 and gave his inaugural address as Privatdozent (lecurer) in 1867.
At the age of 25, he becane full professor of mathematicd physics at the University
of Grazin the province of Styria. In 1873 he returned to the University of Vienna &
profesor of mathematics. On the 17" day of July 1876 Ludwig Boltzmann married
Henriette von Aigentler, an attradive lady with long fair hair and blue e/es from
Graz Boltzmann spent 14 happy yeas in Graz, and duing this time developed his
ideas on the statisticad concept of nature.

He was honored by the acaemic community and by the government. In 1878 he
becane dean of the faaulty, in 1881 Regierungsrat, in 1885 member of the Imperial
Academy of Sciences, in 1887 president of the University of Graz, and in 1889
wirklicher Hofrat. In 1890 he acceted the dair of theoreticd physics at the
University of Munich. After deah of his profesor, Josef Stefan (1835- 1893, he
becaise his siccesor at Vienma University in 1894 However, it was difficult for
Boltzmann to find a nice group of friends and colleggues as he had in Munich;
particularly when Ernst Madh (1838 — 1919, succesdul experimentalist in physics
and sense physiology, criticd historian of physics, adversary of atomism, positivist
philosopher, becane professor of philosophy and history of sciences in 1895 Thus,
Boltzmann accepted an appointment as professor of theoreticd physics in Leipzig.
After retirement of Madh due to bad hedth, Boltzmann returned to Vienna in fall
1902

In addition to his teading materials of theoreticd physics, he started to lecure on
philosophy in 1903 Indeed, he taught a university course namely “Methods and
General Theory of the Natura Sciences’ on the dair of natura philosophy,
previousy occupied by Ernst Madh for a curse namely “History and Theory of the
Inductive Sciences’.



The ledures of Boltzmann on retural philosophy were very popular and had acieved
a onsiderable atention at that time. His first ledure was an enormous siccess Even
though the largest ledure hall had been chosen for it, the people stood all the way
down the staircase. Students, asgstants, profesors, ladies had come. The hal was
ornated with twigs of slver fires and he recaved enthusiastic ovations. All the
newspapers reported about this event. His mail was full of letters of consent. He even
had an audience with Emperor Franz Joseph. The Emperor told Boltzmann that he
was glad about hisreturn and that he had head how crowded hisled ures were.

In the last yeas of his life, Boltzmann was in bed attitude of heah. His hedth hed
suffered from the oonstant dispute with his <ientific opponents. His eyes had
deteriorated to an extent that he had trouble reading. He had to employ a woman who
read scientific aticles to him and his wife wrote his manuscripts. In addition, he
suffered from strong asthma datadks at night and presumably from angina pedoris.
Furthermore, he was plagued by heary headadhes due to overwork. However,
Boltzmann hed never given any consideration to his hedth but saaificed it to his
scientific work.

Despite his grea successwork, his enjoyment of the beauties of nature and art in full
measure, and his optimism and humor, he suffered from depressons. Thus, even in
company he would sometimes lapse into long dismal silences that could hardly be
broken. Boltzmann hmself remarked in jest on his sxteenth hirthday that this quick
transitions from cheafulnessto sadness semmed from the fad that he wes born in the
night between Carnival Tuesday and Ash Wednesday aimed the dying noises of the
dance Boltzmann was subjed to severe asthma dtads and suffered gred pain. It has
been reported that he feared lossof his creaivity and may have been overburdened by
work. Tragicdly, while on a summer vacdion at Duino nea Trieste he committed
suicide during an attadk of depresson.

Ludwig Boltzmann, one of the greaest thinkers of all nations and all times dies on
September 5, 1906 On September 8, a splendid memorial ceremony was held for
him, and many outstanding scientists of the time dtended and contributed.
Boltzmann's ealy deah is all the sadder becaise he himsalf expressd lively regret
that deah would prevent him from witnessng the further development of science
Boltzmann's grave of honor in Centra Cemetery in Vienna was taken into the
guardianship of the municipality of Vienna by alderman Julius Tandler in 1933 “The
city of Vienna and its people ae proud of the man of genius who lived here, and they
have endeavored to find a burial place worthy of him”. The grave has a beautiful
white marble bust of Boltzmann, creaed by Gustinus Ambros. Into the monument
the euation is inscribed that will retain its validity after all the grave stones have
sunk under the dust of the ceanturies, as Hans Thirring pu it at the unvali ng. The short
and simple equation that expressed Boltzmann's greaest scientific adievement is. S
=k log w.

Personality




Usualy, it is very useful to know personaity of a person to understand his
philosophicd view. At least, this fador is of particular interest for Boltzmann due to
its interesting personality. E. Broda, Boltzmann kographer, in his famous book
“Ludwmig Boltzmann Man, Physicist, Philosopher” shows that personality of
Boltzmannasagrea man isof interest asits greanessin physics and phil osophy.

In the historicd reports, everyone who knew Boltzmann hes dedared that Boltzmann
was a gred man due to his pretty persondlity. In spite of many scientific and
philosophicd controversies, he had a good relationship with his opponents. Despite he
aways had scientific and philosophicd antagonism to Wilhelm Ostwald (1853 —
1932, they were good personal friends. For instance, Boltzmann went to Leipzig in
1900based on an invitation of Ostwald. Even against Ernst Mach which he had a bad
attitude, as he even left his beloved Vienma in 1900 de to the existence of Madh
there; they were very polite in respeda with ead other. Indeed, one of the important
reasons raised in hs critique aainst Schopenhauer is impolite terminology of
Schopenhauer against other philosophers, as he states it is not appropriate for a grea
thinker.

He was a true patriot and dd indeed love his native Austria. In spite of the politicd
conditions that existed in Austria, he loved to live in his homeland. In aletter he wrote
to Josef Loschmidt (1821 — 1895, his old colleague, in 1892 he says. “I must report
as the first item of news that | am il li ving but to be sure no better here than in my
beloved Austria.” He expeded a better atmosphere for scientific adivities in Leipzig,
but he did not fed at all comfortable there.

The interesting feaure of Boltzmann's patriotism was his philanthropic and
intelledual view, rather than common mindless fanaticism. Boltzmann expressd his
criticd patriotism, referring to the lost war against Prussa: “Two yeas ago, when |
spoke dout the yea of misfortune, 1866 at a party in Oxford, one of those present
thought he would pay me cmpliment by saying the Austrians were too good to be
victorious. We shall have to rid ourselves of this goodness and self-contentment. But
since today modesty and frugdlity are disappeaing more and more from the world, we
must congratulate ourselves on the fad that predsely Austria has today, as aways,
men whose only vice is an excessof these virtues. Let us cdl out with Mozart [in the
“magic Flute”], our paragon of moderation and serenity: Within our holy walls,
Where people love eab other, No traitor can lurk, Because we forgive the enemy.
Those who are not pleased by such teadings and the example of such men do not
deserve to be human, do not deserve to be Austrian.” His condemnation of nationali st
student riots at the University of Vienna to prevent the reconciliation with Czed
sought by the Orime Minister, Count Badeni is worth noting. In fad, such retionalist
troubles were one of the main reasons for his departure to Leipzig.

Boltzmann was an excdlent teader. His ledures were described as “crystal clea”.
Acoording to Stefen Meyer, “seldom was sich outstanding teading ability coupled
with such extensive knowledge.” As Ludwig Flamm stated, “Boltzmann's mode of
expresson was lively, clea and fascinating, witty and humorous, and often
acompanied by stimulating anecdotes.” Boltzmann did not shrink at al from
correding himsalf during the lecdure with the words, “Ach, that was stupid of me!”.



Boltzmann hed a grea interest in communicaions with others and was also high-
gpirited in discusson. The President of the Accademia del Linca in Italy cdled
Boltzmann in hs obituary ‘a most remarkable polemist, much feaed in congresss .
Arnold Sommerfeld described Boltzmann's entry into the dramatic discusson on
energism at the conference of German returalists at Lubedk in 1895 “Helm (Dresden)
was the main spe&ker on behalf of energism; badking him was Wilhelm Ostwald, and
badking both of them was the natura philosophy of the dsent Ernst Madh. The
opponent was Boltzmann, seconded by Felix Klein. The battle between Boltzmann
and Ostwald was both outwardly and inwardly like abull fighting against the flexible
fencer. But this time the bull conquered in spite of all the torero’s fighting sKill.
Boltzmann's arguments triumphed. All of us younger mathematicians were on
Boltzmann'ssde ..”

He indeal dd not in the least deny the importance of objedions to his theories, but he
welcomed them. He gpredated the discussons which gave him the opportunity of
working out the basis of al his works with more predsion. For instance, athough
Boltzmann rever agreed with Zermelo and aways cdled him “the rogue”, He was
glad that his statistical approach rasadievedattention in German-speking countries.

Boltzmann had good relationships with his gudents, and his kindnessto students was
adknowledged by al. In hs later yeas Boltzmann rever allowed anyone to fail.
Acocording to Lise Meitner, “His relationship with the students was acceaited by its
humanity. He mnsidered not only the knowledge in physics of candidates who were,
for instance, examined at the end of the semester but he dso tried to appreaate their
genera charader traits. External forms meant nothing to him, and he didn't shrink
from using words laden with sentiment. From time to time he invited home the few
students who took part in his advanced seminar. At those times he played for us — he
was avery good pianist — and told us about various personal experiences.

Fitz Hasenohrl, Boltzmann's outstanding student and immediate successor, described
his kindness “The succeses of the scientist require talent and intelled, but the
teater must have his heat in the right place Charaderistic of the good teader — at
the dementary as well as the university level — are aility to understand those who are
leaning, interest in their development, good will, and sympathy. In a word, the good
teater is charaderized by a kind heat. Those were the personal traits that made
Boltzmann a brilli ant teader and that assure him of the everlasting gratitude of his
many students. The way in which Boltzmann got on with his gudents has remained
indelible in their memories. He never played up his superiority: everyone was at
liberty to ask questions and even to criticize him. One @uld converse with him in an
uninhibited way as if between equals, and often one noticed only subsequently how
much one had leaned from him once aain. He did not measure others with the
yardstick of his own greaness He dso judged more modest achievements with
goodwill, so long asthey gave eviderce of serious and honest effort.”

Music and the at had a speaal role in Boltzmann's life. He was a talented panist. By
no means did he prize beauty only outside the redm of science He made grea fun of
the dsurd pedantry with which Schopenhauer tried to classfy the ats to real rules
into them. Admiration of Boltzmann from art and beauty can be well understood from
his express “l once laughed when | real that a painter spent days and nights looking
for a single wlor, but | don't laugh about it any more now. | cried when | saw the



color of the seg how can a mere @lor make one ay? Or moonlight, or the
luminescence of the seain a pitch dadk night? ... If there is one thing which is more
worthy of our admiration than natural beauty, it isthe at of men who have mnquered
this never-ending seaso fully in a strugde that has been going on since the time of the
Phoenicians and even longer ... Truly, the gredest wonder of nature is the skill ful
mind of man! If were aked, as was Solon, whom | take to be the happiest among
mortals, | would name Columbus without hesitation. Not that there have been no
other discoveries of equal merit, that the German, Gutenberg, for example. But
happiness is partly conditioned by the sensua effed, and that must have been
strongest in the cag of Columbus!”

One of the most attradive qualities of Boltzmann was his incomparable sense of
humor. It is not needed to bring some example of it, asit can be seen throughout his
ledures and writings. He commented: “When | harmlesdy adopted my usual tone on
the first day in the Berlin laboratory, a single glance from Helmholtz made it clea
that cheefulness and humor did not befit the scholar. When | later described this
glance to Herr Glan, then an asgstant, now a professor, he replied haughtily: ‘After
al, you are in Berlin!’” Although, he acceted the offer of the Kirchhoff’s chair in
Berlin, he did not go. This might be due to an add comment by Frau Helmholtz:
“Herr Profesr, | am afraid youwill not fed at home in Berlin!”

Boltzmann's friends cdled him childlike dtitude, naiveté, or unworldiness Alois
Hofler, his gudent and later a reputable philosopher, described him as “powerful man,
but childlike to the point of childishness’. Ostwald cdled Boltzmann a “stranger in
this world”. The reason for cdling him by his friends naiveté was due to his resistance
to uncriticd acceptance of traditions and conventions, that is, the desire to approach
problems in science & well as in life in an open way, acording to his own best
judgment. His achievements prove that also in everyday life he was conscious of his
goal, but his adions were often unusual for others. For instance after buying a mw
for his country house he is sid to have ansulted his colleaggue, the professor of
zoology, to find how to milk the cow.

Boltzmann's cgpaaty for work was truly wonderful. He thought in different acalemic
chairs as profesors of mathematic, mathematicd physics, theoreticd physics, and
experimental physics. There were many course he thought such as the principle of the
medhanicd theory of hed, elasticity, the mathematicd theory of awmustics,
mathematicd theory of caoillary, the theory of cdculus, differential and integral
cdculus, number theory, spedal topics in advanced analysis, analyticd geometry, the
theory of functions, analyticd medanics, gas theory, theory of eledricity and
magnetism, optics and amustics, thermodynamics, and in the last yeas of his life
principles and spedal topics in retural philosophy was also added to this long list.
Moreover, he announced that would tead elasticity and hydrodynamics in the winter
semester of 19061907

H. A. Lorentz, the famous theoreticd physicists admired Boltzmann's relationship to
theory on one hand and to experiment on the other: “Boltzmann did some beautiful
and important works in the experimental areain the ealy yeas of his carea and he
often eloquently proclamed his praise for experimental physics. Sometimes he dmost
seaned to envy experimental physics becaise of the reliability of its results and
becaise of its smoothly advancing development. Yet in the depths of his heat he was



a theoretician; he loved to emphasize this in seriousnessand in jest, and never stopped
referring to the task of developing theory and of clarifying and consolidating its
fundamentals as his task in life.” In addition to his fame & a theoretician, he was
admired by many scientists as a grea experimentalist. For examples, Lorentz and Des
Coudres referred to Boltzmann's experimental skill. Ernst Mad, who was an
outstanding experimental physicist, caled Boltzmann a“hard-to-bed” experimenter.

Boltzmann's writings were dso lively as well as his ledures. According to Lorentz:
“In many of these [writings] he spe&s to us as a physicist seldom does, and reved to
us his entire way of thinking and feding in words that also bring him closer to our
heats ... Here he shares with us his doubts and his joys; here he cativates us with
profound, serious intellea and light-heated wit; here he caries us aong through hs
consistent mechanicd view of Nature, or through hs enthusiastic idedism, which
moves him to embellish hs works with so many poets work ... There ae
contradictions in the pictures painted by him that he does not hesitate to display
clealy or even glaringly; yet we fed that they are not irreconcilable, but that they
spring from a cetain root in the innermost part of his being, and that through them he
alows us adeegoer look into his mind.”

Boltzmann’s Critigues of Other Phil osophies

Firstly, it is appropriate to mention some aitiques Boltzmann made ajainst other
philosophies. Within these aitiques, it is possble to see Boltzmann worry about
danger of popular philosophies expressed by certainty for public. Two typicd
examples were mentioned here. Since it is often thought that Boltzmann's critique of
traditional philosophies is due to his personal didike, an example from traditional
philosophy and another regarding a philosophy expressed by scientists in the field of
philosophy of science are noted.

On a Thesis of Schopenhauer

In a ledure delivered to the Vienna Philosophicd Society on 21 January 1905
Boltzmann criticized all of Schopenhauer’s philosophies and showed he is a stupid,
ignorant philosopher, scribbling nonsense and dspensing hollow verbiage that
fundamentally and forever rots people’s brains. These words were taken from own
Schopenhauer, as he has used them against Hegel. However, as Boltzmann strongly
criticized Schopenhauer’s vocabulary, he smply named his ledure “On a thesis of
Schopenhauer”.

He epresses the am of his essay as “I wish to spe&k not on a thesis of
Schopenhauer’s but about his whole system, though certainly not to furnish a
complete aitique but merely some sketchy thoughts on the subjed.” In fad, he tries
to show that the problem of Schopenhauer’s philosophy is not due to proposition of a
wed theory, but the problem is merely metaphysicd base of his thoughts which led
him astray in al of his beliefs. Some examples of these blind mistakes due to lack of
appropriate redistic view, as described by Boltzmann, are given below.



At the first, Boltzmann talks about contradiction of the Schopenhauer’s definition of
gpace ad time with the modern theories of space ad time (at his time). He continues
by emphasizing on caelessiess of Schopenhauer in using “a priori”. Boltzmann
criticize the daim of Schopenhauer that it is a priori that spacehas three dimensions,
by noting that it is known that a spaceof more than three dimensions is concavable
and even a non-Euclidean. He makes a similar critique of Schopenhauer’s inference
from the principle of sufficient reason that the law of conversation of matter is clea a
priori. He expresses. “Landolt has conducted experiments on predsely this law, and
his findings eamed at first to contradict it. Today it is indeed more likely that they
will not be ale to impair the law of conversation of matter, but what is important here
is not the results of his experiments but merely whether experiments are @& such able
to refute laws, or whether logic can prescribe the paths that the pointer on Landolt’s
scaes must take. For a seaond time doubts about this law have aisen in connedion
with the behavior of radium. | am convinced that these experiments too will confirm
the law, but that proves the law to be other thana priori: wereit not to hold, we could
retort nothing from a logicd point of view.” Nowadays, we understand well
Boltzmann view, since the law of conversation of matter was replaced by a more
genera theory namely the law of conversation of matter and energy. Moreover, in the
light of Boltzmann's philosophy of theories, it is possble to understand that the law
of conversation of matter is not a priori (as inferred based on metaphysicd
asumptions by Schopenhauer), but it is just a theory proposed by human kbrain which
would be replacal by another one (a better theory), as it was already done for this
cese.

Then, Boltzmann elaborates aubtle protests of the wncept of will proposed by
Schopenhauer. Regarding Schopenhauer’s description of will for typicdly a stone,
Boltzmann says. “This is quite an ingenious remark, but if Schopenhauer is now
firmly convinced that by using the same work will for forces of inorganic nature and
for certain psychologicd processes what we experience in ourselves he has made
colossal strides in our knowledge of nature, he redly yields to arather naive illusion.”
He comes to Schopenhauer’s proposition of the cncept of freedom, which suggests
the will as subjed, as thing in itsdlf, is necessarily and unconditionally freg since
causality has no purchase on thing in themselves and it is completely free under
different external circumstances to ad quite differently, but the adions of the will, its
manifestations, its objedive redizaion under given circumstances are completely
determined by these latter and thus completely unfree ad from the freedom of the
will as thing in itself we can explain the obscure the obscure feding that occur adions
too are free In this context, Boltzmann just provides a subtle contradiction which
arises from the Schopenhauer’s proposition: “if the will ams at its destruction it no
longer depends on anything and a moment of freedom supervenes.”

Boltzmann shows, in detail, waste endeavor of Schopenhauer to apply his hypothesis
to different arts. He explains that even classficaion of different arts by Schopenhauer
does not promptly cover any possble at. Moreover, the distinction made by
Schopenhauer between music and other arts, as music is the dired representation of
the will in so far asit is not objed whereas al other arts aso represent will but only
indiredly as an individual objedive form of it, suffers from ladk of redistic view
leading to funny consequences and severe ntradictions. If we try to imagine that
music is dired representation of the will, thus “if the ground bassis supposed to
resemble the mineral kingdom, the lower intermediate voices the kingdom of planets,



the higher ones the anima kingdom, and the descant the redm of man.”, as
Boltzmann says. According to Schopenhauer, music is a mirror of the whole world,
the world being one manifestation of the cosmic will and music another achieved by
different means and independent of the first. Thus, music could continue to exist if the
world dd not, which means in the cae that there ae no violins, sound-transmitting
air, excited eas, perceving minds.

Boltzmann criticized superficial antipathy of Schopenhauer towards the male bead.
In spite of empty reasons for such opinion, Boltzmann rotes that such opinion is not
merit for an outstanding philosopher. Boltzmann concludes. “We see how a
philosopher who regards aesthetics only from a theoreticd angle can go astray. The
result, usng Schopenhauer’s mode of expresson, is this. ‘Stupidity, smple-
mindedness foolishness mental daubing, folly, ecceitric nonsense, cranky
obtuseness imbedlity that cries to high heaven’. | hope this load of dynamite is
enough.”

Finaly, he comes to the main problem, which addressed as ‘thesis’ in his essay title,
namely ethics. Indeead, the dangerous result of Schopenhauer’s philosophy is the
deduction he made to describe ehics. In other words, his theory of the will is just a
theory among many ones proposed in philosophy. But what makes his theory
dangerous and classfies it as dark philosophy is that he deduces from his whole
theory of the will that life is a misfortune. Above dl, he suggests the only way to
achieve happinessis the will’s denying itself and in one's preparing the transtion to
nothingness He dso emphasizes that this is the only corred ethics. Boltzmann
expresses that this is not an origina idea merit of a Western philosopher in modern
era, but it is smply possble to derive it from an ancient Eastern belief. In addition, he
smply explains based on some theoreticd speaulations that hoping for such
nothingness is in vein, and taking about the existence of nothingnessis a kind of
waste thinking. Even, it isnot needed to use modern physicsto understand thisfad.

After such arguments, Boltzmann comes to the main am of his essay to say “it is
utterly wrong to regard it as the task of ethics to deduce from metaphysicd arguments
whether life & a whole is a happy or an unhappy circumstance” Then, he
distinguishes the domain ethics as. “Ethics must therefore ak when may the
individual insist on his will and when must he subordinate it to that of others, in other
that the existence of family, tribe, or humanity as a whole and thereby of ead
individual is best promoted.”

On Energism

Based on Mad's philosophy, a kind of ideology was born at the end of nineteenth
century, mainly in Germany, referring al natural phenomena to the redity of energy.
From the beginning, Boltzmann strongly criticized this philosophicad view developed
by some outstanding scientists, mainly Wilhelm Ostwald. Here, some of his critiques
against energism are noted. Interestingly, it can be understood from this criticizing
that not only deriving philosophicd theories merely from metaphysicd speaulations,
but also Boltzmann criticized scientific-based theories when they suffer from
appropriate redistic view. This type of philosophicd theories are usualy based on
misunderstanding of human-creaed theories by asauming them as natural red fads,



and emphasizing on a single gplicaion not appropriate generalizaion to the whole
system In addition, as he states the main problem of such theories is that they try to
formulate philosophicd problems with mathematicd certainty. This opinion of
Boltzmann can be well understood from his typicd critique of energism, as given
below.

Boltzmann rotes that it is not appropriate to consider both physicd energy and mental
energy the same, though the same word is employed for them. “In retural science
energy is a magnitude that can be measured in suitable units aways maintains itself in
guantity so that if it vanishes in one place @& equal amount always appeas mewhere
else. Only if it had been proved that when mental energy is developed an equivalent
amount of physicd energy aways adually disappeas, that is if mental energy can be
measured in such units that the anount developed was aways exadly equal to the
physicd energy lost, should we be entitled to speek of mental energetics. The proof of
this proposition has however by no means been achieved, indeed everything points to
it being impossble, and that becaise it is completely false. The perfed paralelism
between mental phenomena and physicd brain processes makes it probable that all
energy is constantly maintained in its physicd form within the brain mass whole
mental processes are merely parale epiphenomena without energy, indeed perhaps
merely a seaond mental picture of the same phenomena viewed from another angle,
which can thus certainly not contain any new sort of energy in the physica sense.”

Boltzmann indead provides a beautiful reason to spurn the superficia relationship
between physicd energy and mental energy. We now know, after many discoveries of
modern physics brining into mind completely new definition of energy and many
progresses in understanding the brain processes resulting in mental phenomena, that
such dired relationship between physicd energy and mental energy is impossble.
Then, Boltzmann shows by a smple question that, even conquering the problem to
have such mutual adion between body and mind, the main problem is gill the
difference of energy of will and known energy in natural science “Imagine avery
energetic man, he begins by waking up and down in hs room and makes dedsions,
then he wnveys them to the members of his family, his friends, and his subordinates
in clea and dedsive words, managing to ensure that they all carry out what he was
aming at. All these processes no doubts require a cetain amount of physicd energy,
since they are acompanied by physicd processes of the brain massand the limbs. Let
us now compare this with the cae of neurasthenic who madly runs about his room,
storming and cursing, scolding and shouting at those round him, and all this merely
becaise he is in doubt whether the weaher will remain good and he cainot dedde
whether he is to go for a walk or stay at home. Are not al the indications that his
adaivity consumes as much if not more physicd energy that that of a strong-will ed
man, and yet it is the latter who produces the highest mental energy and the former
none.

With a beautiful sense of responsibility, Boltzmann emphasizes that this is not true to
introduce such theories to public from the scientific throne. “If, however, physicd
energy and what | cdled mental energy are two totally different things cdled by the
same name becaise of a rather superficial smilarity, | think it is mistaken, becaise
productive of false ideas and leading to error, when people speak without distinction
of an energetic theory of medanics, chemistry, mental phenomena, happiness and so
on.”
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In spite of ladk of appropriate suppositions for deriving energism, Boltzmann states
that it was a misunderstanding of Ostwald from Mad's philosophy. “However, as
regards Ostwald’s energetics, | think it rests merely on a misunderstanding of Mad's
ideas. Madh pointed out that we ae given only the law-like course of our impressons
and ideas, whereas al physicd magnitudes, atoms, moleaules, forces, energies and so
on are mere concepts for the eonomicd representation and ill ustration of these law-
like relations of our impressons and ideas. These last are thus the only thing that
exists in the first instance, physicd concepts being merely mental additions of our
own. Ostwald understood only one half of this proposition, namely that atoms did not
exist; a once he asked: what then does exist? To this his answer that it was energy
that existed. In my view this answer is quite opposed to Mad's outlook, for which
energy as much as matter must be regarded as a symbolic expresson of certain
relations between perceptions and of cetan equations amongst the given
phenomena.”

The main objedion Boltzmann made to energetics was Ostwald's expresson of the
magnitude of happinessby means of the dgebric formula E2 — W2 = (E + W)(E — W),
where E denotes the energy spent intentionally and succesdully, and W that spent
with didike. First, Boltzmann emphasizes on the ladk of mathematicad appropriation
for this case: “On this | must comment that a genuine mathematician puts definite
power into a formula only if it has been found by exad measurements that just this
and no other power is required to odbtain agreament with experience Has Ostwald
proved that E* — W#, E" — Wh or many smilar formulae @ree less well with the
experience?” Then, he notes that this is just definition of happiness is just the
conviction of an enterprisng Western European, not a universal definition of
happiness For instance, Buddhists, who believe in the mortification of the will, will
write it as (E — W)/(E + W). He states that this formulae uses the @rresponding
operations just symbolicdly with the ladk of any applicability of law of cdculation;
thus is different from that of known mathematicd formulae In addition, he alds, “this
formula does not provide awy pradicd hits for life and contributing to this happiness
and just suggests ‘be energetic and seeto it that everything happens acwrding to your
will”; and thisis what everybody ones even without a mathematicd formulae”

Boltzmann continues his critique by noting various obvious examples contradicting
the Ostwald's definition of happiness Such statements can be found in his original
essy entitled “Reply to a ledure on happiness by Prof. Ostwald”, and are not
reported here. In general, Boltzmann tries to emphasize that such complicated natural
phenomena such as human fedings and sensations resulting in happiness cannot be
simply formulated by scientific theories.

In concluson, he remarks, “Why does sich a seamingly harmless essay like
Ostwald's appea to me to be so dangerous to science? Becaise it signals a reversion
to satisfadion with the purely formal, reverson to the method of so-cdled
philosophers which is 9 pernicious to progress to construct theoretica structures out
of mere words and phrases and to placevalue only in their nice forma connedions,
what was known as the purely logicd or even as the apriori approad, but not to take
care whether these mnnedions corresponds exadly to redity and are sufficiently
rooted in fads; a reverson to the method of allowing oneself to be governed by
precmnceved opinions, of bending everything to the same principle of classficaion,
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of wanting to seetrue mathematics in favor of algebric formulas, true logic in facor
of apparently school-corred syllogisms, true philosophy in favor of nonsense dedked
out to look philosophicd, the forest in favor of the tees...”

Boltzmann’s Phil osophical works

Here, some philosophica concepts originaly proposed by Boltzmann are aldressed.
Similar to his other works, an objedion to dogmatism can be seen. Indeed, he tries to
lead both science and philosophy to a path ending to human evolution. In other words,
admiring a kind of philosophy which can redly assst human in the way of
philanthropic progress It isthe reason that he called his phil osophy redism.

Boltzmann’s Natur al Phil osophy

Boltzmann's philosophy was related to the main problem of epistemology, the
relationship of existence and consciousness In this diredion, he generalized his
experience & a physicist and a protagonist of atomistic, and dedt with the essence of
physicd theories and the mechanism of their evolution. Boltzmann insisted on the
necessty of acceting the redity of the external world, unlessone wanted to embrace
solipsism. Thus, he called his phil osophy redism, and later materialism.

In spite of interesting philosophicd works he proposed, the interesting feaure of
Boltzmann's natura philosophy was his philosophicd view to analyze problems of
epistemology. Indeed, hisway of study was brilli ant among other types of phil osophy.

He cdled his philosophy redism. As he himself states. “The idedist compares the
asertion that matter exists just like our sensations to the view of the dild that a
beden stone suffers pain. The redist compares the a%rtion that one can never
conceive how mental phenomena can be represented through matter or even through a
play of atoms with the opinion of an uneducaed person who maintains that the Sun
cannot be 20 million miles (German miles) from the Earth, as he canot imagine it.
As ideology (idedism) is only a view for one individual, but not for mankind, to me
the terminology of redism appeas more useful that that of idedism. If we want to
include the animas, nay Universe”

Boltzmann kelieves that the power of theoreticd thinking can ultimately be explained
on an evolutionist basis. Only mental processs that proved their worth during the
long march of living matter from its beginning to the emergence of man could
maintain themselves. More exadly, only the cgadty for processes that made possble
the corred understanding of nature could be transmitted to progeny. He describes,
“Findly, the dose onredion of the mental with physicd is given to us by
experience. Through experience it is highly probable that a material processin the
brain corresponds to any mental process i.e. the latter is unambiguously coordinated
to the former, and that the mental processs always are genuine material processs ...
Then it must be possble to predict al mental processes from the picture serving that
representation of brain processes. The brain is considered by us as the instrument, the
organ for the production of world pictures, which becaise of their grea utility for the
preservation of the spedes acmrding to Darwin's theory developed to particular
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perfedion in man, as in the giraffe the ned, and in the stork the be& developed to
unusual length ... As 0n as we follow this view, we have to assume that the pictures
and laws rve to represent processes in mon-living nature ae sufficient to represent
unambiguously all mental processes as well. We say briefly: the mental processes are
identicd with certain material processesin the brain (redism).”

Obvioudly, Boltzmann was an evolutionist not only becaise Darwin had pu forward a
powerful theory for a most important area of science that was not Boltzmann's.
Rather, Boltzmann considered Darwins's method as the key for the understanding of
truth or fasehood of scientific theories. It must be aiticdly pointed out that
Boltzmann did not distinguish between hologica and cultura evolution, i.e. between
what is psychologicdly fixed, and what is handed down to descendants in human
society example and precept.

For Boltzmann, his sience and his philosophy were aunity, as is also implied in his
grand, al-embraang use of the term “medhanics’. What can be adieved from
Boltzmann's philosophy is his method in epistemology. Indeed, the memento of
Boltzmann for philosophy was his wish for collaboration of philosophy and science
In his opinion, These two sciences, by asssting to ead other and combination
together, can to solve many epistemologicd problems. However, what is needed to
read thisgoal is necessty of aredistic view and anti-dogmatic thoughts.

Phil osophy of Theories (Theoretical Pluralism)

Boltzmann's philosophy of theories is the main part of his philosophicd works.
During al of his adive life devoted to both scientific and philosophicd studies,
Boltzmann hed a particular emphasis on the importance of theories and has mentioned
it throughout his writings. His philosophy of theories, which is known as theoreticd
pluralism, is brilli ant among various phil osophies.

Boltzmann hmself with modesty noted that the idea suggesting ‘there is no ultimate
theory’ has also been previously mentioned by different philosophers and scientists,
such as Kant and Maxwell. What is obvious is that none of his predecessor thinkers
understood the importance and significance of the fad described by Boltzmann, i.e.
‘theory just as a representation’. Referring to previous thinkers is merely due to
Boltzmann's modesty, or perhaps to adiieve a credit for his philosophy in the
presence of his obstinate opponents. In the very manner that he used Mad's opinion
“Madc himsealf has ingenioudly discussed the fad that no theory is absolutely false
either, but ead must gradually be perfeaed, ...”. However, Boltzmann was the first
one who formulates and makes clarification on the wncept of so-cdled theoreticd
pluralism.

Theoreticd pluradism says that a scientific theory is nothing more than a
representation of nature. Indeed, it is not possble to know nature via discovery of its
law describing why the natural phenomena ae in the way they are, and why they
show themselves to us the way we observe. In fad, such ultimate science (knowledge)
is not attainable to human. As Boltzmann says two questions falls out of human
understanding: why we ae here, and why we ae in the present. There is no hope for
science, and also philosophy, and gererdly human sciernces to answer these questions.
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In the light of theoreticd pluralism, it is possble to clarify the terminology of this
context. The laws of nature ae the original laws which the natural phenomena obey
from them, and cannot be discovered by human. But, the laws of physics are those
invented by human to explain the natural phenomena. Thus, a theory is not
discoverable, but should be invented by human mind.

In this diredion, a scientific theory will not be complete or definitively true. In other
words, even an apparently succesdul theory may be replaceal by a better one. On the
other hand, different theories, with contradiction in resped to ead other, can
succesdully explain a single natural phenomenon. A theory is initidly a free cedion
of the theorist who proposed it from a purely persona perspedive, metaphysicd
presuppositions, theoreticd options, preferences for a cetain type of mathematicd
language, and the dismissal of some observial data. In Boltzmann's opinion, as all
theories are, to some extent, free ceaion of the theorigts, it is not possble to find a
theory formulated from the mere observation of natural phenomena.

As Boltzmann states. “Hertz makes physicists properly aware of something
philosophers had no doubt long since stated, namely that no theory can be objedive,
aaually coinciding with nature, but rather that each theory is only a mental picture of
phenomena, related to them as sgn is to designatum. From this it follows that it
cannot be our task to find an absolutely corred theory but rather a picture that is, as
smple & possble and that represents phenomena & acarately as possble. One
might even conceave of two quite different theories both equaly smple axd equally
congruent with phenomena, which therefore in spite of their difference ae eually
corred. The assertion that a given theory is the only corred one can only expressour
subjedive onviction that there could not be awother equally smple and fitting
image.”

Since there is no ultimate theory, a cmpletely true one, it is necessary to find good
theories. The am of atheory is to explain a natural phenomenon, thus, a good theory
is the one which is smple. Consequently, our task is to seek for better theories in
acmrdancewith their applicability, not to find truer ones.

In Boltzmann's words. “It follows that it cannot be our task to find an absolutely
corred theory, but rather a picture that is as sSmple & possble while representing the
phenomenon as well as possble. It is even possble to imagine two different theories
that are equally smple and equally good in explaining the phenomena. Both, although
totally different, would be egually corred. The asertion that a theory is the only
corred one can only be an expresson of our subjedive cnviction that there can beno
other equally smple and equly fitting picture.”

Boltzmann’s Anti-Dogmatism

One of the most interesting feaures of Boltzmann's philosophicd view was his
opinion against dogmatism. In other words, he emphasizes on dogmatism as a
dangerous poison for human sciences including both retural science and philosophy,
and particularly epistemology. “Simple mnsideration as well as experience show that
it is hopelesdy difficult to find the right pictures of the world by mere guessng into
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the blue. Rather, the pictures aways form dowly from individual lucky ideas by
fitting. Rightly epistemology turns against the adivities of the many lightheated
producers of hypothesis who hope to find a hypothesis explaining the whole of nature
with little dfort, as well as against the dogmatic and metaphysicd derivation of
atomistics.”

Objedion of atomism was an obvious dogmatism, which Boltzmann hed to oppose it.
He states: “The reproach that the observed immutability of atom, lasting only limited
time, has been generalized without reason would certainly be justified if one tried to
prove, as used to be done, the immutability of atoms a priori. We include it
[immutability] in our picture merely to represent as many phenomena & possble ...
We ae realy to drop immutability in cases where another assumption would
represent the phenomena better.”

In fad, Boltzmann was saaifice of the scientific dogmatism of his time. According to
Hamm, “Boltzmann was a martyr to his ideas’. Unfortunately, the objedions made to
him were not scientific discusgons, but mere dogmatisms. This is obvious from the
objedions made to him regarding atomism, since they just were positivism beliefs. In
other words, Madh defended his philosophicd opinion. According to Max Planck,
who was initially opponent to Boltzmann and later converted and used his approad,
“Against the authority of men like Ostwald, Helm, and Madh there was not much that
could be done.”

Unfortunately, dogmatism still exists in both science ad philosophy. Boltzmann tried
to destroy dogmatic views in both scientific and philosophicd thoughts throughout his
life. Appeaance of dogmatism in philosophicd thoughts is common, since it existed
throughout the history of philosophy. Boltzmann tried to desolate it by introducing a
redistic view in epistemology via his natural philosophy and particularly his
theoreticd pluralism.

Scientific dogmatism was also very important in his time. Not only the dogmatic
objedion of atomism, but also dogmatic view about thermodynamics and its scond
law were common that time. Before Boltzmann's view, al physicd laws had to be
strictly deterministic and universally valid. The most of physicists believed in this
view for thermodynamics. They believed that the second law of thermodynamics was
a basic axiom handed down from God, which one had to accet as the starting point
of any thermodynamic oonsideration. Whereas, Boltzmann used a datisticd
interpretation of the second law, about 50 yea before the statisticd interpretation of
gquantum medanics.

Similar dogmatisms gill exist in science, and perticularly in cosmology. Since the
significant progress of astrophysics flatten the path for using cosmologicd theories in
explaining epistemologicd problems, indeed such scientific dogmatism are not tied
with classcd philosophicd dogmatism. It is now believed (by some @msmologists) to
avoid the gpeaance of such scientific-philosophicd dogmatism in cosmology and
epistemology, which is the main obstade in the progress of science and philosophy
and in general human knowledge, isjust to use Boltzmann'sview.

15



Boltzmann’'s M emento for Future Phil osophy

When talking about Boltzmann's philosophy, it is usualy referred to his dislike of
philosophy. It is thought that the whole of his adivities in the field of philosophy is to
deny and to condemn it, particularly due to his condemnation of famous phil osophers.
Indeed, it is the main reason avoiding appropriate wnsideration of his philosophy in
the philosophicd communities. Whereas, none of the scientists, who entered into
philosophy, has valued philosophy as Boltzmann did. We& understanding of
Boltzmann's philosophy in the philosophicd community is due to midealding of his
words reported in historicd controversies.

For instance, his didike is obvioudy related to metaphysics, not philosophy. He
believes while philosophy is based on metaphysicd arguments, no applicable result
will be adieved. He expresses the need for a redistic view in philosophizing
epistemologicd problems by comparing the cae with waste history of natural
science “Likewise, the scientist asks not what are the arrently most important
question, but ‘which are & present solvable? or sometimes merely ‘in which can we
make some small but genuine advance? As long as the dchemists merely sought the
philosopher’s done and amed at finding the at of making gold, al their endeavors
were fruitless it was only when people restricted themselves to seamingly less
valuable questions that they creaed chemistry. Thus natural science @peas
completely to lose from sight the large and general questions; but al the more
splendid is the successwhen, groping in the thicket of speaa questions, we suddenly
find a small opening that allows a hitherto undreamt of outlook on the whole.”

“[Questions about the essence of the law of causdlity, of matter, of force etc] do not,
it used to be said, concern the scientist; they should be left entirely to philosophy.
Today this has changed considerably; natural scientists $ow a gred prediction for
taking up philosophicd questions, and probably rightly so. After all, it is one of the
fist rules in retura science never to put blind trust in the instruments with which one
works, but to test it in every way. Are we then to put blind trust in inborn or
historicdly developed concepts and opinions, al the more so in view of al the
examples in which they have led astray? But when we examine the simplest elements,
where is the borderline between retural science ad philosophy at which we should
stop? | hope that none of the philosophers possbly present will take it amissor fed
reproadied if | say frankly that the assgnment of these questions to philosophy has
perhaps aso led to disappointment. Philosophy has contributed remarkably little to
the dudation of these questions. Alone and from its one-sided point of view it could
do it just as little & natura science can. If red advances are possble, they are only to
be expecied from coll aboration between the two sciernces.”

In other words, his darp critism of the mgority of previous philosophers does not
prevent him from adknowledging the proper domain and positive role of a genuine,
progressve philosophy. He gladly references to the irresistible derive of human
beings to philosophize and wishes for collaboration between philosophy and natural
science In his words. “It is becaise of my firm hope that a cngenia collaboration
between philosophy and natural science will bring new food to ead), indeal that we
can adhieve atruly consistent exchange of views only by following this path, that |
have not avoided philosophica questions here. When Schill er said to the philosophers
and natural scientists of his day: ‘Let there be exmity between you, aliance ®mmestoo

16



ealy yet,” then | am not in disagreement with him | just believe that now the time for
aliancehas arrived.”

What provides credit for philosophy in Boltzmann system is due to his method of
natural science The controversy appeaing between philosophy and natural scienceis
usualy due to two main critiques sientists make to philosopher: (i) standing on the
base of theories, and (i) ladk of mathematicd considerations and just using
descriptive aguments. Both of these methods can be found in Boltzmann's g/stem.
He dways emphasizes on the importance of theories and on the neel for descriptive
science Here, Boltzmann's opinions regarding such requirements for the
development of human science and the reason why philosophy went astray by
misusing of them are given.

He defines theory as. “I am of the opinion that the task of theory consists in
constructing a picture of the external world that exists purely internaly and must be
our guiding star in al thought and experiment; that is in completing, as it were, the
thinking process and carying out globaly what on a small scde occurs within us
whenever we form an idea” Then, he describes what make atheory applicable or
valuable: “The immediate daboration and constant perfedion of this picture is then
the dief task of theory. Imagination is always its cradle, and observant understanding
its tutor. How childlike were the first theories of the universe, from Pythagoras and
Plato until Hegel and Schelling. The imagination at that time was over-productive, the
text by experiment was ladking. No wonder that these theories becane the laughing
stock of empiricists and pradicd men, and yet they aready contained the seeds of all
the gred theories of later times. those of Copernicus, atomism, the mechanicd theory
of weightlessmedia, Darwinism and so on.”

Indeed, he tries to show that the mistake of philosophers was not due to devotion to
theoreticd considerations, which is indeal the task of philosophy, but the big mistake
they made was due to proposition of their theories based on purely metaphysicd
arguments.

Boltzmann kelieves that there is no necessty for a good theory to have mathematicd
formulag and descriptive sciences can aso provide such a good theory in the dsence
of any mathematicd considerations. He beautifully defines theory: “I should not be
genuine theoretician if | were not first to ask: what is theory? The layman observes in
the first placethat theory is difficult to understand and surrounded with a tangle of
formulae that to the uninitiated spes&k no language a all. However they are not its
esence the true theoretician uses them as garingly as he can; what can be said in
words he epresses in words, while it is preasely in books by pradicd men that
formulaefigure dl toooften asmere ornament.”

Although, he was extraordinarily talent in mathematics, and surely he had an excdlent
skill i n mathematics among other physicists of that time (recdl that he was appointed
as professor of mathematics in University of Vienna), he never took up mathematicd
problems for their own sake but always with an eye toward applicaion. In hs
enthusiastic words: “| cdled theory a purely intellecual internal picture, and we have
seen how cgpable it is of high perfedion. How then could it now happen that on
continuing immersion into theory one @mes to think of the picture & of the redly
existing thing? ... Thus it may happen to the mathematician that he, always occupied
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with hs equations and dazed by ther internal perfedion, takes their mutua
relationship for what truly exists, and that he turns always from the red world. Then
the lament of the poet applied to him as well: that his works are written his heat
blood and that highest wisdom borders on highest folly.”

According to this fad, the style of Boltzmann's writing was different of other
physicists (as gated above in the words of Lorentz). Even the ingenious Maxwell,
who in 1859 had described the velocity distribution of gas moleaules in thermal
equili brium, wrote the following in a letter to his colleggue Peter Tait in 1873 "By
the study of Boltzmann | have been unable to understand him. He ould not
understand me on acount of my shortness and his length was and is an equal
stumbling block to me." If Maxwell found Boltzmann' s papers difficult, it is hardly
surprising that many other physicists found them difficult as well! This is probably an
important reason why Boltzmann does not — even today — recave & much credit, as
he deserves, particularly since most physicists have never read his origind papers.

In conclusion, any attempt in epistemology without taking into acount Boltzmann's
philosophy is waste. Indeed, Boltzmann's theoreticd pluralism is the basic foundation
for proposition of any theory in epistemology. In other words, it is needed basicdly to
know, in the light of Boltzmann's theoreticd pluralism, that we just make apicture of
the world, existence, and universe by proposing a theory. Otherwise, with aming to
find utimate theory or discovering the law of nature, it just leads to dogmatism. Thus,
it is necessary to lean the meaning of a theory (from Boltzmann's philosophy of
theories), as basic dphabets of epistemology, since theory is the powerful (and aso
only) toal in epistemology.

Boltzmann’s M aterialism

Unfortunately, due to terminology problems appeaed in the modern literature, it is
difficult to express a ontext without definition of the key terms. For instance, the
terms physicdism, materialism, and naturalism have been used in the literature with
the same meaning, and where they have used for spedfied puposes there is no
constant distinction between their meanings. Thus, it is necessary to note what is the
purpose of Boltzmann from materialism, when referring to his philosophy as redism-
materialism.

The formal definition of materialism is “the doctoring that noting exists except mater
and its movements and modificaions’. When talking about materialism, it is usually
recdled an agnosticism for denying the existence of God. Let first note the difference
of Boltzmann's philosophy in comparison with the @mmon materidism in
acwordance with the problem of the eistence of God. As gated, the common
materiaism believes that nothing can be known concerning the existence of God,
which caused many critiques from those who believe in God and particularly from
religious standpoints. Howewver, Boltzmann's philosophy is different as he stated:

“It is certainly true that only a madman will deny God's existence, but it is equally the

case that all our ideas of God are mere inadequate anthropomorphisms, so that what
we thus imagine & God does not exist in the way we imagine it. If therefore one
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person says that he is convinced that God exists and another that he does not believe
in God, in so saying both may well think the same thoughts without even suspeding
it. We must not ask whether God exists unlesswe can imagine something definite in
saying so; rather we must ask by what idess we can come doser to the highest
concept which encompasses everything.”

Boltzmann used the term of materiaism to deny the existence of a kind of human
science namely metaphysics, and indeed employed the term meteriaism against
philosophicd idedism. Usually, opponent authors note persona dislike of Boltzmann
from philosophy to criticize his philosophy. However, this is just a midealing view of
his philosophy due to a superficial understanding of his sntences. When he expresss
his didike (and maybe hate) from philosophy, he indeed refers to a kind of philosophy
which is based on metaphysics. Although, he cdls the previous philosophers as grea
thinkers, he anphasizes how such grea minds went astray when trying to use merely
metaphysicd speaulationsto answer empty questions regarding epistemology.

He states that the dtempts of the metaphysicians to extend questions beyond their
natural domain lea to the answers consisting only empty words without bringing any
new knowledge. To criticize metaphysicd-based philosophy, he notes. “Even
[Francis] Bawmn of Verulam, who stood a the aadle of inductive science cdls
philosophy a halowed virgin. He alds smewhat malicioudy that she will remain
eternaly barren predsely becaise of this lofty quality. True, many investigations in
metaphysics remained barren but we still want to test whether every speaulation must
redly be unfruitful.”

In conclusion, what Boltzmann refers to as materiaism is different of that known
commonly. In fad, Boltzmman's materialism clams the eistence of external word
and believes in science This materialism does not claim that the truth of the existence
of just material, but believes what we can know lies in the redm of science (physics).
This does not claim that we can ultimately know what is redly the universe is, but we
can relatively understand it by proposing appropriate theories to make apicture of the
nature for us.

| nfluence of Boltzmann on M odern Physics (Phil osophical
| mportance)

Since philosophy of science was developed in the light of new discoveries of science
in the field of modern physics, it is necessary to note the influence of Boltzmann on
the birth and progress of modern physics in such hographicd essay. Although,
Boltzmann was a dasscd physicist, he had geda influence on the formation of
various parts of modern physics. However, some topics which are of interest in
philosophy and for philosophers are noted here. Boltzmann's opinions regarding
statisticd description of the universe have philosophicd importance but were not
reported here, since adetailed explanation has been elaborated by Bradley Dowden in
an article entitled “ Time” in this senes (Inteme t Encyclopedia of Philosophy).
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Atomism

Atomism was one of the important subjeds of controversy among both philosophers
and scientists. The importance of atomism is now obvious due to its esentia role in
modern physics. Boltzmann was one of the scientists who strongly insisted on
atomism. Indedad, the main objedion against Boltzmann's theory was the refutation of
atomism at the end of nineteetth century. In this context, Ernst Mad, reputable
physicist-philosopher, was among opponents, and other important scientists of that
time such as physicd chemist Wilhelm Ostwald. For instance, both of the mentioned
persons were later converted, but not until the deah of Boltzmann. However,
Boltzmann defended atomism until his deah in various polemic discussons.

He notes. “We shall not [in connedion with the question of the aomic constitution of
matter] apped to the law of thought that there wuld be no limit to the divisibility of
matter. This law is no better than the as%rtion of some naive person that antipodes
cannot exist becaise d verticd diredions em pardlel, wherever one waks on
Earth ... For cdculation shows that eledrons are much smaller till than the aoms of
ponderable matter. Today, everyone is talking about the hypothesis that atoms are
built of numerous elements [constituents], and about various interesting views about
the nature of atomic structure. We must not be mised by the word atoms, it has been
taken from old times. No physicist ascribesindivisibility to atoms today.”

Nowadays, the importance of Boltzmann's atomism for twentieth-century science is
obvious, and indeed, Boltzmann's atomistic statistics paved the way for parts of
modern physics and particularly quantum mechanics, as will be described below.

Satistical mechanics

Indeed, it is not necessary to note the essential role of Boltzmann on the formation of
statisticd medanics, since he is well known as the main founder of statisticd
medanics. It is worth moting that Josiah Willard Gibbs (1839 — 1903, grea
thermodynamicist is known as co-founder of statisticad medhanics. Although different
methods have been proposed to dStatisticd medianics, Boltzmann's datisticd
approadhisstill an interesting onearnd apgicable for various purposes.

Thermodynamics andsecond law

Thermodynamics and its scnd law is an interesting part of philosophy of science,
and have been widely described in the philosophicd literature. At the first look, it
seans to be strange that philosophers have interest in the science of temperature
changes (thermo: heah, and dynamics’ changes), which was invented by engineas
for study of hea engines. In fad, this universality of thermodynamics and its oond
law is due to the statisticd view introduced by Boltzmann. By definition of entropy
from a purely statisticd standpoint, Boltzmann made a generalization to use the
concept of entropy for al phenomena, not only those involving temperature changes.

Indeed, Boltzmann conquered the @ntradiction between thermodynamics and
medhanics by relating increases in entropy to transition from the improbable to
probable states. According to Max Planck (1858 — 1947, who was at the first
follower of Madh and opponent of Boltzmann and later admirer of Boltzmann as
converted to atomism and Boltzmann datistics, “among al physicist of that time,
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Ludwig Boltzmann was the one who grasped the meaning of entropy most
profoundly.”

However, Boltzmann's entropy is one of the most beautiful concepts in physics,
which have been used by philosopher. Even, Boltzmann hmself used the concept of
negentropy (negative entropy) to explain the nature of living beings. “The general
strugde for existence of living beings is therefore not a fight for the dements — the
elements of al organisms are available in abundance in air, and soil —, nor for energy,
which is plentiful in the form of hea, unfortunately untransformably, in every body.
Rather, it is a strugde for entropy [more acarately: negative entropy] that becomes
available through the flow of energy from the hot Sun to the old Earth. To make the
fullest use of this energy, the plants real out the immeasurable aess of their leaves
and harnessthe Sun’s energy by a processas yet unexplored, before it sinks down to
the temperature level of our Earth, to drive dhemical syntheses of which one has no
inkling as yet in our laboratories. The products of this chemicd kitchen are the subjed
of the strugde in the anima world.”

Quartum theory

Quantum medanics was one of the most important parts of modern physics which led
to philosophicd consequences. In fad, by quantum medanics a new asped of science
was introduced to philosophy. Quantum theory was introduced at the present form by
Max Planck in 1900 and he is known as founder of it. However, Ludwig Boltzmann
and Max Planck are referred to as father and mother of the quantum. According to
Arnold Sommerfeld, “the quantum theory would have been the proper field of adivity
for Boltzmann's atomisticdly structured intelled.”

In addition to the fad that Planck proposed the quantum theory using Boltzmann
statisticd view, Boltzmann used the notion of energy quantizaion, without using this
term, in his papers as ealy as 1872 28 yeas before Planck’s publicaions. He & first
divided the energy of a system into extremely small, discrete padkages. Boltzmann
conceved of this quantization as a kind of mathematicd trick to permit the use of
combinational equations in computing probabilities. Energy quanta did not appea any
more in the final equations, but there can be no doubt that Boltzmann through hs
approac helped to prepare the way for quantum theory.

Thermodynamics of irrevesible processes

Non-equili brium thermodynamics or thermodynamics of irreversible processes is
known as a caable field of modern physics and is of grea interest in philosophy. It
was born due to new thoughts of nineteenth century scientists to the importance of
non-equilibrium states, irreversibility and irreversble process In this context,
Boltzmann had the most importance influence through mating the kinetic theory of
gases to thermodynamics. He proposed an equation, which is internationally known as
Boltzmann's equation. He dso established statisticd methods for the investigation of
physicd systems, and is considered as the main founder of statisticd medanics
which is an important part of modern physics. Boltzmann discovered such models
based on behavior of atoms, while, atoms had not been proofed in his time, and thus
he is known as “the man who trusted atom”. Boltzmann's equation for the evolution
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of the distribution of the position and velocity of particles in a fluid not only handles
non-equili brium situations but is quite non-linea.

Following Boltzmann's gatisticd view, Lars Onsager have used statisticd medanics
to investigate irreversible processes in the 19205, and published his results in 1931
Onsager was awarded the Nobel Prize in Chemistry in 1968 for initiating non-
equilibrium thermodynamics. Indeed, he was awarded for the discovery of the
redprocd relations beaing his name, which are fundamental for the thermodynamics
of irreversible processes. After formal introduction of irreversible thermodynamics,
llya Prigogine & Brussls School (the acaemic institute which made significant
contributions to thermodynamics of irreversible processes) took an important step in
the development of non-equili brium thermodynamics. He dso began to dispute the
orthodox ideas of dtatisticd medianics, acording to which the fundamental laws of
physics are reversible, and the irreversible phenomena of everyday life and physicd
chemistry arise statisticdly. He was awarded the Nobel Prize in Chemistry in 1977 for
his contributions to non-equilibrium thermodynamics, particularly the theory of
disspative structures.

In this diredion, Prigogine in 1945 elaborated the theorem of minimum entropy
production applicable for non-equili brium stationary systems. Prigogine showed that
the famous redprocity relations of Onsager, which are very good approximations for
the study of transport phenomena, are not valid for the systems far from equili brium.
The importance of this achievement was due to the fad that the most of natural
systems are far from equilibrium. In other words, he extended thermodynamics to
open systems, which is of grea interest for study of living organisms. Prigogine
attempted to extend the Boltzmann's method of statisticd medanics to condensed
systems, the first tentative step in non-equili brium statisticad medanics was taken,
and he adtieved a formulation of non-equili brium statisticd medhanics from a purely
dynamicd point of view, without any probabilistic assumption, which leals to a
“dynamics of correlations’, as the relation between interadion and correlation
constitutes the esential component of the decription.

In addition to valuable contributions of the theory of disgpative structures proposed
by Prigogine to non-equilibrium thermodynamics, his theory has made significant
contributions to other fields of sciences and can be @nsidered as a universal law.
Indeed, the main theme of the scientific work of Prigogine has been a better
understanding of the role of time in the physicd sciences and in biology. The works
of Prigogine has sgnificant philosophicd and cultural importance and have been
employed in social sciences.

Through many contributions made to the thermodynamics of irreversible processes,
mainly due to the works Prigogine, it has been acieved a mnsiderable dtention for
philosophicd tasks. However, both physicd and philosophicd importance of
irreversible processes was first by Boltzmann. According to Sommerfeld, “no one, not
even Maxwell or Gibbs, pondered the one-sidedness of natural processes and their
probabili stic-theoreticd foundation as deely as Boltzmann. Ludwig Flamm said: “By
developing the counting methods of physicd statistics and by deriving the Second
Law of Thermodynamics with their aid in a very general way, Boltzmann gave to
physics new foundations of entirely unexpeded dimenson.”
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Relativity

Although, Albert Einstein (187 — 1955 never met Boltzmann personally (the young
Einstein was aurely much too modest to seek a meding with the céebrated man), all
Einstein's ealy work was in the Boltzmann tradition. It is known that Einstein
formulated the theory of relativity by inspiration from Maxwell’s eledroldynamics.
On the other hand, historicd consideration shows that most German-spedking
physicists of that time leaned Maxwell’s theory from Boltzmann's writings. In
addition, the Einstein’'s light quantum hypothesis siggesting that the energy of the
light itself and not merely that of the asorber is quantized, which is another root of
quantum physics, was proposed through application of the Boltzmann principle to the
radiation field.

Note: Philosophicd articles of Boltzmann have been colleded in book editions, and
thus, the individual articles are not addressed here.

Note: The quotations noted throughout this article were taken from Boltzmann's

articles, which can be found in the books referenced (mainly Theoretical Physics and
Philosophical Problems).
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