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PREFACE

MagrxisM has a two-fold bearing on science. In the
first place Marxists study science among other human
_ activities, They show how the scientific activities of
any society depend on its changing needs, and so in the
long run on its productive methods, and how science
changes the productive methods, and therefore the whole
society. This analysis is needed for any. scientific
approach to history, and even non-Marxists are now
accepting parts of it. But secondly Marx and Engels
were not content to analyse the changes in society.
~ In dialectics they saw the science of the general laws of
change, not only in society and in human thought,
~ but in the external world which is mirrored by human
~ thought. That is to say it can be applied to problems. of
- “pure” science as well as to the social relations of
- science, : : _
Scientists are becoming familiar with the application
of Marxist ideas to the place of science in society.
- Some accept it in whole or in part, others fight against it
vigorously, and say that they are pursuing pure know-
ledge for its own sake. But many of them are unaware
that Marxism has any bearing on scientific problems
considered out of their relation to society, for example
to the problems of tautomerism in chemistry or individu-
ality in biology. And certain Marxists are inclined
to regard the study of such scientific and philosophical
problems as unimportant. Yet they have before them
the example of Lenin. In 1908 the Russian Revolution
had failed. It was necessary to build up the revolu-

' tionary movement afresh. Lenin saw that this could
: vii
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only be done on a sound theoretical basis. So he wrote
Materialism and Empirio-criticism, This involved a
study, not only of philosophers such as Mach and
Pearson, whom he criticised, but of physicists such as
Hertz, J. J. Thomson, and Becquerel, whose discoveries
could be interpreted from a materialistic or an idealistic
poinit of view. However, Lenin did not attempt to
cover the whole of science. - He was mainly concerned
© with the revolution in physics which was then in progress,
and had little to say on astronomy, geology, chemistry,
or biology. ' o '
But thirty years before Lenin, Engels had tried to
discuss the whole of science from a Marxist standpoint.

He had always been a student of science. Since 1861

he had been in close touch with the chemist Schorlemmer
at Manchester, and had discussed scientific problems
with him and Marx for many years.” In 1871 he came to
London, and statted reading scientific books and journals
on a large scale. He intended to write a great book to
show “that in nature the same dialectical laws of
movement are carried out in the confusion of its count-
less changes, as also govern the apparent contingency of
events in history.” If this book had been written, it
would have been of immense importance for the develop-
ment of science.

But apart from political work, other intellectual tasks
lay before Engels. Dithring had to be answered, and
perhaps Anti-Dahring, which covers the whole field
of human knowledge, is a greater book than Dialectics
of Nature would have been had Engels completed it.
After Marx’s death in 1883 he had the gigantic task

of editing and completing Capital, besides which he

wrote Feuerbach and The Origin of the Family. So
Dialectics of Nature was never finished. The manu-
seript consists of four bundles, all in Engels’ handwriting,
save for a number of quotations from Greek philosophers
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in that of Marx. Part of the manuseript is ready for
publication, though, as we shall see, it Wodd,alm_ost
certainly have been revised. Much of it merely consists
of rough notes, which Engels hoped to work up 1?,ter,
-Thejr are often hard to read, and full‘of a.bbrewatlons,
e.g. Mag. for magnet and magnetism. . Therfe are
oceasional seribbles and sketches in the margin, Finally,

“although the bulk of the manuscript is in German,

Engels thought equally well in English and French, and
occasionally produced a hybrid sentence, suchﬁ as
“ Wenn Coulemb von particles of electricity spricht,
which repel each other inversely as the square -of thf:
distance, so nimmt Thomson das ruhig hin als bewiesen.

Or “In der heutigen Gesellschaft, dans le méchanisme
civilisé, herrscht duplicité d’action, econtrariété de
Pinterst individuel avec le collectif; es ist une queue
universelle des individus contre les masses.” The

-translation has been a very difficult task, 'emd the
. order of the different parts is somewhat uncertain.

- Most of the manuscript seems to have been written
between. 1872 and 1882, that is to say it refers to the
science of sixty years ago. Hence it is often h‘ard.to
follow if one does not know the history of the sczentlﬁc
practice and theory of that time. The idea of W‘haf is
now called the conservation of energy was begmg
to permeate physics, chemistry, and biology: But it was
still very incompletely realised, and still more 11::
completely applied. Words such as foree,” * mptmn,

and *° vis viva >’ were used where we should now spe:-a.k of
energy. The essays on “ Basic forms of motion,

' L3 . 22 T ” .
‘% The measure of motion—work,” and * Heat” are

largely concerned with the controversies which arose
from incomplete or faulty theories about energy.

‘. They are interesting as showing how ideas on this

subject developed, and how Engels tackled the contro-
versies of his day. However many of these contro-
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versies are now. settled.  The expression vis viva is no
longer used for double the kinetic energy, and * force
has - acquired a definite meaning in physies. Engels
would not have published them in their present form,
if only because, in the later essay on tidal friction, he
uses.a more modern termirology. Their interest lics
.not so much in their detailed ecriticism of: theories, many

of which have ceased to be of importance, but in showing

- how Engels grappled with intellectual problems. - The
essay on electricity ““.dates * even more. As a criticism

of Wiedemann’s inconsistencies it is .ateresting, and it

ends with a plea for a closer investigation of the con-

" nection between chemical and electrical action, which, -

as Engels said,  will lead to important results in both
spheres of investigation.” This prophecy has, of course,
been amply fulfilled. Arrhenius’ ionic theory has trans-
formed chemistry, and Thomson’s electron theory
‘has revolutionised physies. Here again, the manuscript
would certainly have been revised before publication.
In a letter to Marx on November 28rd, 1882, he points
out that Siemens, in his presidential address to the
British Association, has defined ‘a new unit, that of
electric power, the Watt, which is proportional to the
resistance multiplied by the square of the eurrent
~whereas the electromotive force is proportional to the
resistance mtﬂtiplied by the current. He compares these
with the expressions for momentum and energy, dis-
cussed in the essay on “ The measure of motion—work,”
and points out that in each case we have simple pro-
portionality (momentum as velocity and electromotive

force as current) whén we are not dealing with trans- -

formation of .one form of energy into another. But
when the energy is transformed into heat or work the
correct value is found by squaring the velocity or
current. “ So it is g general law of motion which I
‘was the first to formulate.”. We can now. see why this
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is so. The momentum and the electromotive force, .
having directions, are reversed when the.speed and
current are réversed. - But the energy remains unaltered.

‘So the speed or the current must come into the formula

as the square (or some even power) since (- z)? = m2
In the essay on * Tidal friction,” Engels made a serious
mistake, or more accurately a mistake which would
have been serious had he published it. But I very
much doubt whether he would have done so. In the .
manuscript notes for Anti-Diihring,! he supported the
view, quite‘.vcommonly held in the nineteenth century,
that we find truths such as mathematical axioms self-
evident because our ancestors have been conv,inco:;d of -
their validity, while they would not appear self-ex?den_t
to a Bushman or Australian black. Now this view is
almost certainly incorreet, and Engels presumably saw
the fallacy, and did not have it printed. I ?ave httlg
‘doubt that either.he or one of hi . scientifie friends sugh
as Schorlemmer would have d‘leiected the mista'ke in
the essay on “ Tidal friction.” But even as a m}sta.ke
it is interesting, because it is one of the mistakes which
lead to a correct result (namely that the day would
shorten even if. there were no oceans) by incor.rect-
reasoning. Such mistakes have been extremely fruitful
in ‘the history of science. -
Elsewhere there are statements which are certainly
untrue, for example in the sections on stars and Protozoa.
But here Engels cannot be blamed for followmg some
of the best astronomers and zoologists of his ‘da.yl.
'The technical improvement of the telescope and micro-.
scope has of course led to great increases in our knowledge
here in the last sixty years. : -
" On the other hand, Engels’ remarks on the differential
caleulus, though inapplicable to that bram?h of mathe-
matics as now taught, were correct in his own day,
e " 1 See p. 314.
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and for some time after. He points out that it actually
developed by contradiction, and is none the worse for
that. To-day ** rigorous ”’ proofs are given of many of

the theorems to which he refers, and some mathe-

maticians claim to have eliminated the contradictions.
Actually they have only pushed. the contradictions into
the background, where they remain in the field of
mathematical logic. Not only has every effort to
deduce all mathematics from a set of axioms, .and rules
for applying them, failed, but Gdédel has pi'oved that

they must fail. So the fact that the ealeulus can be.

taug}ft without involving the particular contradictions
men.tmr}ed by Engels in no way impugns the validity
of his dialeetical argument. - : .

When all sych criticisms have been made, it is

astonishing how Engels. anticipated the progress of

science in the sixty years which have elapsed since he
wrote. He certainly did not.like the atomic theory of

electricity, which held sway from 1900 to 1230, and until

it turned out that the electron behaved not only like a
particle but like a system of moving waves he might'
well have been thought to have “ backed the wrong
horse.”” His insistence that life is the characteristic
niiode of behaviour of proteins.appeared to be very one-
sided to most biochemists, since every cell contains many
other..complicated organic substances besides proteins.
Only in the last four years has it turned out.that certain
pure I_)roteins do exhibit one of the most essential features
of I{vmg things, reproducing themselves in a variety of
environments. '

While we can everywhere study Engels’ inethod of

thinking with advantage, I believe that the sections of
E;he book which deal with biology are the most
immediately valuable to scientists today. This may of
course be because as a biclogist I can detect subtleties
of Engels’ thought which I have missed in the physical
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‘sections. It may be because biology has undergone less

spectacular changes than physies in the last two genera-
tions. :

In order to help readers to follow the development of
science since Engels’ time, I have added some. notes.
A few readers may object to my pointing out that
Engels was occasionally wrong. Engels would not have

‘objected. He was well aware that he was not infallible,

and that the Labour Movement wants no popes or in-
spired scriptures. The Condition of the Working Class -
in England in 1844, of which an English translation had.
been published in America in 1843, was first published
in England in 1892. - In his preface written after forty-
eight years he says: =

T have taken great care not to strike out of the
text the many prophecies, amongst others that of an
imminent social revolution in England, which my
youthful ardour induced me to venture upon. The
wonder is, not that a good many of them proved wrong,
but that so many of them have proved right.”

1 think that readers of Dialectics of Nature will come
to a similar conclusion. '

'T have not yet mentioned the sections on the history
of science. These are among the most brilliant passages
in the whole book, but they represent a line of thought
which was followed by Marx and Engels in many of their
hooks and which has since been developed by others,
so most readers will find them less novel. Finally,
there is the delightful essay on “ Scientific research into
the spirit world.” There is a tendency among materialists
1o neglect the problems here dealt with. It is worth
while noticing that Engels did not do so. On the
contrary he produced a number of phenomena which
were regarded as ‘* occult ” and mysterious in his day,
and arrived at the same conclusions as most scientific
investigators in this field have reached, provided that,
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like Engels the thei
s, they brought to their.
sense, and also a sense of humour 'Work TQbUSt common
fOrIta I\;rf:,)sr ;iieat Iglisfort;uneg not only for Marxism but
all- €5 ol natural science, that Bernstei F
;\g;isedhlznds the manuseript-came when Engelse I:ili,ezln;z
895, did not publish it. In 1924 h nitted i
part of it) to Einstein, wh e g e
: » Who, though he did not think i

;)vf great interest fI:OIIl the standpoint of modern pII}lIynsl;c;t

as on the whole in favour of publication. If, as se‘em;

" . -
ikely, Einstein only saw the  essay on electricity, his -

dimont Wy e poencerstood, snce ths deals
ly ions which now seem ren

;‘Il;;telgaixlllui;npt was first. edited by Riazonol;im:fii

printec in 1 ?7. However, Adoratski’s edition of 1985

o anore s ti actory, as s.eve;'a.l passages which made

Hoase E: earlier edition have now been deciphered.

ad Engels” method of thinking been more familiar

the + . .
he transformations of our ideas oz physics which have

occurred during the last thirty years would have been

;gilc;zlllfr,kHad his - remarks -on Darwinism *been
y known, I.-for one would h

_ you ave -been ' saved
: e}cs(l)‘ta,m amount of muddled thinking. I thérefoie
tmnSlmtg whtglgleartedly the publication of an Ehglish
ation of Dialectics of Nature, and hope '
: alectics ture, that future.
generations of seientists - will it help b
elasticity of thought. o that it helps them to
) f::}; lf)fn.lu‘it nott be thought that Dialecticé of Nature

mterest to seientists. , Any ed A -
and, above all, any s & stodent of pplro

d, » anyone who is a student of phij
will find much t6 inter i ronghos e
est him or her througho
- H : t

:EZI\\,{ thlough particularly in Chapters I, IT. gVI? I‘;)I:T.e'
and 2 t. ] One reason why Kngels was such a great xi’ritéi,"
O.f hxa dle w.a\,sT probably the most widely educated man
° s day. i\ot‘only had he a profound knowledge of

t}(;mmm;es. and history, but he knew enough to difc'us
¢ meamng of an obscure Latin phrase concernings
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Roman marriage law, or the processes taking place
when a piece of impure zine was dipped into sulphuric
acid. And he contrived to accumulate this immense
knowledge, not by leading a life of cloistered learning,

" but while playing an active part in politics, running a

business, and even fox-hunting! ,
He needed this knowledge because dialectical

materialism, the philosophy which, along with Marx,
he founded, is not merely a philosophy of history, but
a philosophy which illuminates all events whatever,
from the falling of a stone to a poet’s imaginings. Andit
lays particular emphasis on the inter-connection of all
processes, and the artificial character of the distinctions
which men have drawn, not merely between vertebrates
and invertebrates or liquids and- gases, but between the

. different fields of human knowlédge such as economics,

history, and natural science. :

Chapter II contains an outline of this philosophy in
its relation to natural science. A very careful and
condensed summary of it is given in Chapter IV of the
History of the C.P.S.U.(B), but the main sourees for its
study are Engels’ Feuerbach and Anti-Dithring, Lenin’s
Waterialism and Empiriocriticism, and a number of
passages in the works of Marx. - Just because it is a
living philosophy with innumerable concrete applica-
tions its full power and importance can only be gradually
understood, when we see it applied to history, science,
or whatever field of study interests us most. For

" this reason a reader whose concern lies primarily in the

political or economic’ field will come back to his main

interest a better dialectical materialist, and therefore a
clearer-sighted politician or economist, after studying

how Engels applied Dialecties to Nature.

- At the present moment, clear thinking is vitally

‘necessary if we are to understand the extremely com-

plicated situation in which the whole human race, and
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our own nationin particular, is placed, and to see the way
out of it to a better world. A study of Engels wiil
warn us.against some of:the facile solutions which are
put forward to-day, and help us to play an intelligent
and courageous part-in the great.events of our own time.

o __J. B. S. HALDANE,
- November, 1989. T

INTRODUCTION
.

MobERN natui‘a_l science, which alone has achieved an
all-round systematic and scientific development, as
contrasted with the brilliant natural-philosophical
intuitions of antiquity and the extremely important
but sporadic discoveries of the Arabs, which for the
most part vanished without results—this' modern natural
science dates,. like all more recent history, from that
mighty epoch which we Germans term the Reformation,
from the national misfortunc that overtook us at that
time, and whieh the ¥rench term the Renaissance and
the Italians the Cinguecento, although it is not fully
expressed by any of these names. It is the cpoch which
had its risc in the last half of the fifteenth century.
Royalty, with the support of the burghers of the towns,
broke the power of the feudal nobility and established
the great monarchics, based essentially on nationality,
within which the modern European nations and modern
bourgeois society came to development. And  while
the burghers and nobles were still {ighting onc another,
the peasant war in Germany pointed prophetically to
future class struggles, not only by bringing on to the
stage the peasants in revolt --that was no longer any-
thing new—but behind them the hegiinings of the
modern prblctariat, with the red flag in their hands and
the demand for common ownership of goods on their
lips. In the manuscripts saved from the fall of I3yzan-
tium, in the antique statues dug out of the ruins of Rome,
4 new world was revealed to the astonished West, that of

ancient Greece : the ghosts of the Middle Ages vanished -

A !
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before its shining forms; Italy rose to an undreamt-of

flowering of art, which seemed like a reflection of classical

antiquity and was never attained again. In Italy,
France, and Germany a new literature arose, the first
modern literature ; shortly afterwards came the classical
epochs of English and Spanish literature. The bounds
of the old orbis terrarum were pierced. Only now for the
ﬁr.st time was the world really discovered and the basis
laid for subsequent world trade and the transition from
- bandicraft to manufacture, which in its turn formed the
starting-point for modern large scale industry. The
- dictatorship of the Church over men’s minds was
shattered ; it was directly cast off by the majority of
the. Germanic peoples, who adopted Protestantism,
while among the Latins a cheerful spirit of free thought
ta_',ken over from the Arabs and nourished b'y the m:wl},rz
discovered Greek philosophy, took root more and more

and prepared the way for the materialism of the .

eighteenth century.
.It was the greatest progressive revolution that man-
k‘md has so far experienced, a time which called for
giants and produced giants—giants in power of thought,
passion, and character, in universality and learning;
The men who founded the modern rule of the bourgeoisie
had -anything but bourgeois limitations. On the
contrary, the adventurous character of the time inspired
them to a greater or less degree. There was hardly any
man of importance then living who had not travelled
extensively, who did not command four or five languages
w%lo .did not shine in a number of fields. Leonardo'd;
Vinci was not only a great painter but also a great
mathematician, mechanician, and engineer, to whom
.the most diverse branches of physies are indebted for-
important discoveries. Albrecht Diirer was painter,”

engraver, sculptor, and architect, and in addition

_invented a system of fortification embodving many of
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ideas that much later were again taken up by Monta-
bert and the modern German sciénce of fortification.
Machiavelli was statesman, historian, poet, and at the
me time the first notable military author of modern
times. - Luther not only cleaned the Augean stable! of
.Church but also that of the German language; he
ted modern German prose and composed the text
‘meledy of that triumphal hymn, which became the
arseillaise of the sixteenth century.? The heroes of
t time had not yet come under the servitude of the
sion- of labour, the restricting effects of which, with
sroduction of onesidedness, we so often notice in
their successors. But what is especially characteristic
hem is that they almost all pursue their lives and-
vities in the midst of the contemporary movements..
the practical struggle; they take sides .and join
in the fight, one by speaking and writing, another with
e sword, many with both. Hence the fullness and
fo e ..of character that makes them complete men.
of the study are the exception—either persons of
eond or third rank or cautious philistines who do not-
t to burn their fingers. , - :
t that time natural science also developed in the
idst of the general revolution and was itself thoroughly
olutionary ; it had to win in struggle its right of
cistence. Side by side with the great Italians from
ym.modern philosophy dates, it provided its martyrs
for the stake and the prisons of the Inquisition.  And it
haracteristic that' Protestants outdid Catholics in
ersecuting. the free investigatiori of mature. Calvin
had Servetus burnt at the stake when the latter was
on the point of discovering the circulation of the blood,

Augean. stable : one of the mythical labours of the Greek hero

cles (Hercules) was the removal of dung from this stable.

Fin: fester Burg ist unser Gotl. (* A safe stronghold our God is
’Y:-This hymn has recently been sung on a large scale by pro-
stant congregations in Germany which have not accepted Hitler's
cology:: R .
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and indeed hf: 'k'cpt him roasting alive during two hours ;
for the ?anIS!tIOH. at least it sufficed to have Giordano
Bruno simply burnt alive. o

The revolutionary aet by which natural science de-‘

clareF! its independence and, as it were, repeated Luther’s
pur_nmg of the Papal Bull was the publication:of the
‘1mmortal work by which Copernicus, though timidly
and, so to speak, only from his deatlibed, threw down
the gauntlet to ecclesiastical authority in the affairs of
nature. The emancipation of natural science frdr’n
theology dates from this act, although' the fighting out
of the particular antagonistic claims has dragged out
up 150 our day and in many minds is still far from com-
pl_etmr‘;. Thenceforward, however, the development of
the sciences proceeded with giant strides, and, it might
be Sal.d, ‘gained in force in proportion to the square of
the distance (in time) from its point of departure. . It‘
was as if the world were to be shown that hencefort}.l the
rffczproe_af_ law of motion would be as ;ralid for the
highest product of organic matter, the human mind, as
for inorganic substance. ' o
The main work in the first period of natural science
t}‘1a.t now opened lay in mastering the material imme-
dlatel_y at hand. In most fields a start had to be made
ffom’ the‘very beginning. Antiquity had bequeathed
Euclid and the Ptolemaic solar system ; the Arabs
had left behind the decimal notation, the beginnings of
alge.bra‘, the mo_dern numerals, and "alchemy; the
Ch'rlstian Middle Ages nothing at all. of necessity in’
this situation the most fundamental natural scie;lcé
the r.necha.nics of terrestrial and - heavenly bodies,
occgpled first place, and alongside of it, as handmaidezi
to if, the discovery and perfecting of mathematical
methods. .Great work was achieved here. At the end
‘of the period characterised by Newton and Linneus we
find these branches of science broughf to a certain
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ction. The basic features of the most essential
lematieal methods were - established ; analytical
etry by Descartes especially, logarithms by Napier,
d the differential and integral caleulus by Leibniz
d' perhaps Newton.! The same holds good of the
chanics of rigid bodies, the main laws of which
re made clear once for all. Finally in the astronomy
.the solar system Xepler discovered the laws of
lanetary movement and Newton formulated them
rom the point of view of the general laws of motion of
natter. - The other branches of natural science were
‘ar- removed even from this preliminary perfection.
mly towards the end of the period did the mechanics of
luid - and gaseous bodies reccive further treatment.
hysics proper. had still not gene beyond its first be--
innings, with the exception of optics, the exceptional
yrogress. of which was due to the practical needs of
stronomy. By the phlogistic theory, chemistry for
he first time emancipated itself from alchemy. Geoclogy
_had not yet gone beyond the embryonic stage of
xhin_eralogy . hence palzontology could not yet exist at
11 Finally, in the field of biology the essential preoccupa-
ion was still with the -collection and first sifting of
he immense material, not only botanical and zecological
~.also anatomical and even physiological. There
ould as yet be hardly any talk of the comparison of the
various forms' of life, of the investigation of their geo-
graphical distribution and their. climatic, ete., living
conditions. - Here only botany and zoology arrived at

_an approximate completion owing to Linnzzus.

1 There can be little doubt that Newton and Leibniz invented the
caloulus independently. Here and elsewhere Engels is perhaps over-
critical of Newton. It must be remembered that Newton's cssentially
mechanical outlook on nature had been so brilliantly successful for
over a century that it had been accepted as o dogma, and was therefore
““retarding the progress of science. Now that we can sece where Newton
went wrong, we can perhaps appreciate his greainess better than was
possible when it was absolutely essential to criticise him, '
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. But what especially characterises this period is the
elaboration of a peculiar general outlook, in which the
central point is the view of the absolute immutability of
:nqture. In whatever way nature itself might have come
mt.o being, once present it remained as it was as long
as it continued to exist. The planets and their satellites,

once set in motion by the mysterious * first impulse,”

circled on and on in their predestined ellipses for all
eternity, or at any rate until the end of all things.
The stars remained for ever fixed and immovable in their
places, keeping one another therein by * universal
-g;avitation.” The earth had persisted without altera-
tion from all eternity, or, alternatively, from the first
day of its creation. The “five continents” of the
‘present day had always existed, and they had always
hs‘td the same mountains, valleys, and rivers, the same.
climate, and the same flora and fauna, except in so far
as change or cultivation had taken place at the hand of
man. The species of plants and animals had been.
,e_stablished once for all when they came into existence ;
like continually produced like, and it was already a
good deal for Linnzus to have conceded that possibly
here and there new species could have arisen by crossing.
_In contrast to the history of mankind, which develops
in time, there was ascribed to the history of nature only
an unfolding in space. All change, all development in
nature, was denied. Natural science, so revolutionary
at the outset, suddenly found itself confronted by. an
- out-and-out conservative nature in which even to-day
eve‘rything was as it had been at the beginning and in
which—to the end of the world or for all eternity—
~everything would  remain as it had been since the
beginning: ' -
-High as the natural science of the first half of the
eighteenth century stood shove Greek antiquifv in
knowledge and even in the sifting of its materia;l, it
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tood just as deeply below Greek antiquity in the theo-
etical mastery of this material, in the general outlock .
n nature. For the Greek philosophers the world was
entially something that had emerged from 'chaos,
omething that had developed, that had come into
ing. - For the natural scientists of the period that we
re dealing with it was something ossified, something
muittable, and for most of them something that had .
een - created at one stroke. Science was still deeply
meshed in - theology. Everywhere it sought and
ound-its ultimate resort in an impulse from outside
hat' was not to be explained from nature itself. Even
‘attraction, by Newton pompously baptised as ** uni-
\;e_i‘sal gravitation,” was conceived as an essential
pi'-operty "of matter, whence comes the unexplained
angential force which first gives rise fo the orbits of
he  planets ?7 How did the innumerable varieties of
animals and plants arise ? And how, above all, did
man arise, since after all it was certain that he was not
present from all eternity ? To such questions natural
icience only too frequently answered by making the
creator of all things responsible. Copernicus, at the
beginning of the period, writes' a letter renouncing
theology; Newton closes the period with the postulate
f a divine first impulse. The highest general idea to
which this natural science attained was that of the pur-
posiveness of the arrangements of nature, the shallow
teleology of Wolff, according to which cats were created
‘0 ‘eat ‘mice, mice to he eaten by eats, and the whole
of nature to testify to the wisdom of the creator. It is
to the highest credit of the philosophy of the time that
it did not let itself be led astray by the restricted state of
contemporary natural khowledge, and that —from Spinoza
“right to the great French materialists--it insisted on
explaining ‘the. world from the world itself and left the
“justification in detail to the natural science of the future.
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I include the materialists of the eighteenth century in
this period because no natural scientific material was
available to them other than that -above described.
Kant’s epochmaking work remained a secret to them,
and Laplace came long after them. We should nct
forget that this obsolete outlook on nature, although
riddled through and through by the progress of science,
dominated the entire first half of the nineteenth century,
and in substance is even now still taught in all schools.1

The first breach in this petrified outlook on nature
was made not by a natural scientist but by a philosopher.
In 1755 appeared Kant’s dllgemeine Naturgeschichie und
Theorie des Himmels [General Natural History and Theory
of the Heavens]. The question of the first impulse was
abolished ; the earth and the whole solar system appeared
as something that had come into beéing in the course of
time. If the great majority of the matural scientists
had had a little less of the repugnance to thinking that
Newton expressed in the warning : ‘‘ Physies, beware of
metaphysies ! 7, they would have been compelled from
this single brilliant discovery of Kant’s to draw con-
clusions.that would have spared them endless deviations
and immeasurable amounts ‘of time .and labour wasted
in false directions. " For Kant's discovery contained the.

! How tenaciously even in 1861 this view could. be held by a man
whose scientific achievements had provided highly important material
for abolishing it is shown by the following classic words :

** All the arrangements of our solar system, so far as we are capable
of comprehending them, aim at preservation of what exists and at
unchanging comtinuance. Just as since the most ancient times no
animal and no piant an the earth has become more perfect or in any

" way different, just as we find in ail organisms only stages alongside of
one another and not following one another, just as our own race has .
always remained the same in corporeal respects-—so even the greatest
diversity in the co-existing heavenly bodies does not justify us in

assuming that these forms are merely different stages of development :
it is rather that everything created is equally perfeet in itself.”  (Midler,*

Popular Astronomy.. Berlin, 1861, St edition, -p. 816.) [Note by

F. Engels.]

* Médler, a German astronomer, discussed the motions afthe so-called
fixed stars, . o : ) '
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oint-of departure for all further progress. . If the carF11
ere something that had come into ben.lg, then its
esent geological, geographical, and climatic stz‘tte, and
ts plants and animals likewise, must be son-lci.:}'ung that
1ad ‘come into being; it must have had a hlstoxjy not
mly of co-existence.in space but also of succession in
ime.- If at onee further investigations had .l)cen
esolutely pursued in this direction, natural science
vould now be considerably further advaneed than?lt Is.
But- what good could come of philosophy ? .I\ant's
ork remained without immediate results, until many
rears later Laplace and Herschel expounded its contents
and gave them a decper foundation, -thore_by gradually
iringing the " nebular hypothesis 7} 1-111:0 favouy.
Further discoveries finally brought it victory; th(-'
most: important of these were: the proper motlorf of
he fixed stars, the demonstration of a resistant medium
n ‘universal space, the proof furnished by spectral
analvsis of the chemical identity of the matter of the
amiverse: and the existence of such glowing nebular
nasses as Kant had postulated. -

Tt s, hm\'evcr, permissible to doubt - whether the
najority of natural seientists wounld so sool have become
sonscious of the contradiction of a-changing earth tl‘lat
Dore immutable organisms, had not the dawning
cdnceptiolvtha"t nature does not just eaist, but comes
into being and passes away, derived support from another
wmrter.  Geology arose and pointed out. not only .tho
terrestrial strata formed one after another and deposited

228 This was the hypothesis that the sun and its pialm:tfs.lh]:l‘dfvnmlv‘::c«.i
St of rotating ‘nebula. It was regarded as plausi Hi ;:r f)\‘ -1]}
entyry.  However, there is now no doubt that the 1‘10 )}_1..1 are ‘of
svastly Targer than the sular system, and the spiral nebulie, !})-n-lt one of
which the solar system was thought to have E)!'l_‘.{ln:Eh'd. ure svs lL-Il'lb f
iousands of millions of stars, Hke our own Milky Way. but 11.11‘1([- l‘ fl\o:L‘
stant.  The hypothesis was however of mum-nsv'n.npur}unu_ u'g.%ul.;.
fhirst made it tikely that the solar system Jias 2 history. Tt may I
coanpared with the ideas of the ancients on bivlogieal evolution..

A¥
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one upon another, but also the shells and skeletons of
- extinet animals and the trunks, leaves, and fruits of no
longer existing plants contained in these strata. It had
finally to be acknowledged that not only the earth as a
whole but also its present surface and the plants and

animals living on it possessed a history in time. "At.

first the acknowledgement occurred reluctantly enough.
Cuvier’s theory of the revolutions of the earth was
revolutionary in phrase and reactionary in:substance.

In place of a single divine creation, he put a whole

series of repeated acts of creation, making the miracle
an essential natural agent. Lyell first brought sense
into geology by substituting for the sudden revolutions
due to the moods of the creator the gradual-effects of a
stow transformation of the earth.!

Lyell’'s theory was even more mcompatlble than any
of its predecessors with the assumption of eonstant
organic species. Gradual transformation of the earth’s
surface and of all conditions of life led directly to gradual
transformation of the organisms and their adaptation
~to the changing environment, to the mutability of
species, But tradition is a power not only in the
Catholic Church but also in natural science. - For years,
Lyell himself did not see the contradiction, and his
pupils still less. This is only to be explained by the
division of labour that had meanwhile become dominant
in natural sctence, which more or less restricted each

person to his special sphere, there bemg onlv a few

whom it did not rob of a comprehensive view.
Meanwhile physies had made mighty advances, the

results of which were suinmed up almost simultaneously

by three different persons in the year 1842, an epoch-

1 The defeet of Lvells view—at least in its Hrst fgtm—iav in’

conceiving the forces st work on the earth as constant. both in quaht}
and quantity.. The cooling of the earth does not.exist for him ; - the
earth does not develop in a definite direction but raerely changes in an
inconsequent fortuitous manner. [Note by F. Engels.)
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waking. vear for this branch of natural investigation.
fayer in Heilbronn and Joule in Manchester demon-.
trated the transformation of heat into mechanical
nergy ! and of mechanical encrgy into heat. The
_determination of the mechanical equivalent of heat put
this result . beyond question. Simultaneously, by
mply working up the separate physical results alread\
rived at, Grove—not a natural scientist by profession,
yut. an English lawyer—proved that all so-called
physxcal energy, mechanical energy, heat, light, elee-
city, magnetism, indeed even so-called chencal
ergy, become transformed into one another under
efinite conditions without any loss of energy occurring,
nd so proved post factum along physical lines Descartes’
rinciple that the quantity of motion present in the world )
s constant. With that the special physical. energies,.
he as it were immutable * species "7 of physics, were
olved into variously differentiated forms of the
1otion of matter, convertible into one another aceording
o, definite laws. The fortuitousness of the existence of
_.number of phvblcal energies was abolished from.
ience . by the proof of their interconnections and
‘transitions. Physics, like astronomy before it, had
rrived at a result that necessarily pointed to the eternal
‘evele of matter in motion as the ultimate reality. '

:The wonderfully . rapid development of chemistry,
ince Lavoisier, and especially since Dalton, attacked
the old ideas of nature from another aspect. The pre-
pai‘atlon by inorganic means of compounds that hitherto
nd heen produced only in the hiving organism ‘proved

"Thruughuut thlb Pdl"‘lﬂ'rdph the German word * Kraft  has been
tlanslated * energy,” Joule and other- contemPoranes used the word
“r foree ” where we should now use **energy.” We shall see later
1_(p 49), that Engels objected to the use of the word * Kraft ™ or force
‘for.encrgy. At onc time he preferred “ motion,” but in his later
‘writings he used the term ** energy ™ us almost all modern writers do.
~I'be rendering here makes Engels” meaning clearer than if the ambiguous -
word * force ” had heen used.
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that the laws of chemistry have the same validity for
organic as for inorganic bodies, and to a large extent
bridged the gulf between inorganic and organie nature,
a gulf that even Kant regarded as for ever impassable.
Finally, in the sphere of biological research also the

scientific journeys and expeditions that had been

systematically organised since the middle of the previous
century, the more thorough exploration of the Kuropean

colonies in all parts of the world by specialists living

there, and further the progress of pcﬁazontologv anatomy,
and physiology in general, particularly since the system-
atie use of the microscope and the discovery of the cell,
- had accumulated so much material that the application

of the comparative method became possible and at the
same time indispensable. -On the one hand the conditions -
of life of the various floras and faunas were determined”

by means of comparative physical geography; on' the

other hand the various organisms were ¢compared with -
one another according to their homologous organs,”

and this not only in the adult condition but at all
- stages of development. The more deeply and exactly

this research was carried on, the more did the rigid-

system of an immutable, fixed organic nature crumble

away at its touch. Not only did the scparate species of
plants and animals become more and more inextricably

intermingled, but animals turned up, such as Amphcamus 1

and Lepidosiren,” that made a mockery of all previous

classification, and’ finally organisms were encountered

of which it was not possible to say whether they belonged

to the plant or animal kingdom. More and more the
gaps in the palzontological record were filled up, com-
pelling even the most reluctant to acknowledge the

striking pa'ra,lleli'sm 'between the evolutionary history of .

1 Amphioxrus. - A ‘headless marine animal with somc of the charac-
teristics of a fish, but much more primitive.

* Lepidosiren. One of the lungfish which can breathe air for months

on end.
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_thic organic world as a whole and that of the individual

_organism, the Ariadne’s thread that was to lead the

.way out of the labyrinth in which botany and zoology

ppeared to have become more and more deeply lost.

It was characteristic that, almost simultaneously with

Kant’s attack on the eternity of the solar system, C. F.

Wolff in' 1759 launched the first attack on the fixity

of spec1es and proclaimed the theory of descent. But

what in his case was still only a brilliant anticipation

“took firm shape_: in the hands of Oken, Lamarck, Baer,

~and - was victoriously carried through by Darwin in

1859, exactly a hundred years later. Almost simul-

taneously it was established that protoplasm and the

_cell, which had already been shown to be the ultimate

morphological constituents' of all organisms, occurred

ndependently as the lowest forms of organic life. This

not only reduced the gulf between inorganic and organic
_nature to 4 minimum but removed one of the most,
-essential difficulties that had previously stood in the
way.of the theory of descent of organisms. The new"
“.conception of nature was complete in its main features ;
all- rigidity was dissolved, all fixity dissipated, all
- particularity that had been regarded as eternal became
_transient, the whole of nature shown as movmg in
ternal flux and cyclical course.

~/Thus we have once again returned to the point of
.view of the great founders of Greek philosophy, the
"yiew that the whole of nature, from the smallest element
“to-:the greatest, from grains of sand to suns, from
~protista ! to men, has its existence in eternal coming
“into being and passing away, in ceaseless flux, in un-
-resting motion and change, only with the essential
" difference that what for the Greeks was a brillant
g mtultion, is in our case the result of strietly scientific

i1 Protisia. Smgle—oel}ed animals and plants such as Paramecium,
'Amceba, Bacillus.
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resea.rch in accordance with experience; and hence aIso
it emerges in-a much moré definite’ and clear. form.
‘1t is true that the empirical proof of this motion is not

wholly free from gaps, but these are insignificant in

compansonwzth what has already been firmly established,
and with each year they become more and more filled

up. - And how could the proof in detail be-otherwise

than defective when one bears in mind that the most
essential branchesof science—trans- planetary astronomy,
chemistry, geology—have a- scientific existence of barely
a hundred years, and the comparative method in physio-

logy one of barely fifty years, and that the-basic form of .

almost all organic development, the cell; is a dlscovery
not yet forty years old 7 :

* The innumerable suns and solar systems of our 1sland
universe,! bounded by the outermost stellar rings of the
Milky Way, developed from swirling, glowing masses of

. vapour, the laws of motion of which will perhaps be
disclosed after the observations of some centuries have
given us an insight inte the proper motion of the stars.
Obviously, this development did not proceed every-
where at the same rate. Recognition of the existence
of dark bodies, not merely planetary in nature; hence
extinet suns in our stellar system, more and more forces
itself ‘on astronomy. (Médler); .on the other hand
(according to Secchi) a part of the vaporous nebular
patches belong to our stellar. system as suns not yet
fully formed, whereby it is not excluded that other

nebule, as Miadler maintains, are distant independent

island universes, the. relative stage of development. of
whlch must be determmed by the qpectro‘;cope

! This refers to the system of stars of which the sun is one, and the
Milky Way represents the densest portions. Madler was right in

maintaining that many of the other bodies then described as nebule

were sumlar masses of stars. His view that there are extinct suns is
more doubtful. Nor is it elear that the gaseous nebul®z are likely to
condehse Info suns,
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: How a solar system develops from an individual

‘nebular mass has been shown in detail by Laplace

n:'a manner still unsurpassed ; subsequent scierice has

‘more and more confirmed him.! ‘

+On the separate bodies so formed—suns as well as

-planets and satellites—the form of motion of matter at

first prevailing is that which we call heat. There can

“be no question of chemical compounds of the elements

~even at a temperature like that still possessed by the

sun; the extent to which heat is transformed into

-electricity or magnetism 2 under such conditions, con-

: tinﬁed solar observations will show ; it is already as good

as proved that the mechanical motion taking place in the

_sun arises solely from the conflict of heat with gravity.

.. The smaller the individual bodies, the quicker they

“cool down, the satellites, asteroids, and meteors first of
.all, just as our moon has long been extinet. The planets

- cool more slowly, the central body slowest of all.

.- With progressive cooling the interplay of the physical

forms of motion which become transformed into one

" another comes more and more to the forefront until’
 finally a point is reached from when on chemical affinity
begins to make itself felt, the previcusly chemically

" indifferent. elements become differentiated chemically
" one after another, obtain cheimical properties, and enter
.into combination with one another. These. compounds

‘change continually with the decreasing temperature,

which affects differently not only each element but also
each separate compound of the elements, changing also
with” the consequent passage of part of the gaseous
matter first to the liquid and then the solid state, and
With the new conditions thus created.

. Laplace’s theory is fau‘ly certainly incorrect.

2 Huge magnetic fields have been discovered in the sunspota. and
it is also kmown that the matter shot out in solar prominences is electri-
cally charged. Both these facts were unsuspected by maost, if not all,
astronemers when ngels wrote, ) )
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" The period when the planet has a firm shell and

accumulations of water on its surface coincides with

that when its intrinsic heat diminishes more and more in
comparison to the heat emitted to it from the central
body. Its atmosphere becomes the arena of meteoro-

logical phenomena in the sense in which we now under:
stand the word; its surface becomes the arena of

geological changes in which the deposits resulting from
atmospheric precipitation become of ever greater
importance in comparison to the slowly deereasing
external effects of the hot fluid interior. '

If, finally, the temperature becomes so far equalised’

that over a considerable portion of the surface at least
it does not cxceed the limits within which protein!
is capable of life, then, if other chemical conditions are
favourable, living protoplasm is formed. - What these
conditions are, we do not yet know, which is not to be
wondered at since so far not even the chemical formula
of protein has been established—we do not-even know
how many chemically different protein’ bodies there
are—and since it is only about ten ycars ago that the
fact became known that completely structureless
protein 2 exerciscs all the essential functions of life,
digestion, excretion, movement, contraction, reaction to
stimuli, and reproduction, LT B

! Throughout this book Engels’™ word * Biweiss ™ is translated as
 protein.” - The word * albumen,”” which has been used in the transla-
tion of some of Engels® other works, is now applied to one group of the
proteins only., 'The chemical formulz of 2 few proteins were first
fliscsn‘ere_d with fair accuracy by Bergmann, a German-Jewish refugec
in New '101']-;, in It!?:lilfi._ Howlevelr, tkﬁc order in which their constituents
are arranged is still incompletely known. Th any
millions of diffcrent pmteinE_ y ere are probably ey

¢ Structureless protein ; Buthybins Haeckeli, which was supposed
to be an organism composed of a mere mass of structureless protein
proved to be an artefuct, that is to say not a natural cbject, but otic
produced by the chemicals intended to preserve it. However Engels’
was fundamentally right. Some of the *viruses,” that is to say the
smailest agents of disease, ure simply large protein molecules. as first
shown by Stanley in 1936. They do not appear o exercise all the

funetions of lfe, hut only some of then.
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Thousands of years may have passed before the
- conditions arose in which the next advance could take
“place and this formless protein produce the first cell by
_formation of nucleus and cell membrane. But this
first cell also provided the foundation for the morpho-
‘logical development of the whole organic world; the
- first to develop, as it is permissible to assume from the
“whole analogy of the palzontological record, werc
innumerable species of non-cellular and cellular protista,
of which Eozoon canadense } alone has come down to us,
and of which some were gradually differentiated into the
first plants and others into the first animals. And from -
the first animals were developed, essentially by further
* differentiation, the numerous classes, orders, families,

genera, .and species of animals ; and finally: mammals,
the form in which the nervous system attains its fullest
development; and among these again finally thatmammal
in which nature attains consciousness of itself—man.

Man too arises by differentiation. Not only indi-
vidually, by differentiation from a single egg cell to the
most complicated organism that nature produces—no,
also historically. When after thousands of years?
of struggle the differentiation of hand from foot, and
erect gait, were finally established, man became distinet
from the monkey and the basis was laid for the develop-
ment of articulate speech and the mighty development.
of the brain that has since made the gulf between man
and monkey an unbridgeable one. The specialisation
of the hand—this implies the fool, and the tool implies
‘specific human activity, the transforming reaction of
man on nature, production. Animals in the narrower
sense also have tools, but only as limbs of their bodies :

1 Eozpon canadense is almost certéinly not an organic product. Never-
theless there is every reason to- believe in the essential truth of this
paragraph,-

* The geological time-scale is longer than was believed fifty years
ago.” * Millions of years ™ would be more correct. : o
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'the. ant, the bee, the beaver; animals also produce,

but their productive effect on surrounding  nature in
relation to the latter amounts to nothing at all.- Man

alone has succeeded in impressing his stamp on nature, -

not only by shifting the plant and' animal world from
one place to another, but also by so altering the aspect
and climate of his dwelling place, and even the plants
and animals themselves, thét_the‘éonsequencgs of his
activity'can‘fdisappear only with the general extinction

of the terrestrial globe. And he has accomplished this
primarily and essentially by means of the hand. Kven.

the steam engine, so far his most powerful tool for the
transformation of nature, depends, because it is a tool, in
the last resort on the hand.. But step by step with the
development of the hand went that of the brain ; first of
all consciousness of the conditions for separate practically
useful actions, and later, among the more -favoured

peoples and arising from the preceding, insight into.
the natural laws governing them. And with . the

rapidly growing knowledge of the laws of nature the

means for reacting on nature also grew; the hand alone

would never have achieved the steam engine-if the brain

of man had not attained a correlative development with

it, and parallel to it, and partly owing to it..

With .men we enter history... Anjmals. also have a
history, that of their derivation and gradual evolution
to -their present position.” This history, however, is
made for them, and in so far as they themselves take
part in it, this occurs without their knowledge or desire,
On the other hand, the more that human beings become’
removed from animals in' the narrower sense of the
word, the more they make their own history consciously,
the less becomes the influence of unforeseen effects and
uncontrolled forces on. this history, and the: more
accurately does the historical result correspond to the

aim laid down in advance. If, however, we apply this
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‘measure to human history, to that of naw:n_’chet ;11032
‘developed peoples of the prese-nt‘da.y, we find tha :111'8_
‘still exists here -a colossal dlsp.roportmn between he
:' roposed aims and the results arrived at, that unforese
:'Eﬂ ects predominate, and that the uncontl"oiled fo:f::s_
are ; those set into motion
are far more powerful tha.n . '
--j.zcording to plan. And this cannot -bf: othermsetz.s
:'-Iong as the most essential historical activity of men, _te
‘one which has raised them from best:lahi_:y to fh:lml amtheﬁ
‘and ich terial foundation o
‘and ‘which forms the ma e ; peix
other activities, namely the produ;:hondof :‘}:)r:;r :-:g&l:e
i i i roduction,
: ments of life, that is to-day social p . s above
: ubj he i lay of unintended effects
“all subject to the interplay of uni e s from
. its desired end only
“uncontrolled forces and achieves
;ngzvay of exception and, much more freque.antly, t_h(;
'.ézjact ‘opposite. In the most advanced mdustnad
.'c;)untries we have subdued the forc(i?kl ofdnaturehiz‘lr !
| into i f mankind ; we
: ssed them into the service o . ha
EII;Zreb'y infinitely multiplied procil‘dl;cfidmn(,i s;t .thr?::e :i ;:111133
' | ults
roduces more than a hundred a '
3.::;” ' I')And what is the result ?  Increasing -overwork
: a;a(i increasing misery of the masses, and every ten g:&:ri
| a great collapse, Darwin did not know w:hat a bi ht?s
satire he wrote on mankind, -and especlall}.r on li
countrymen, when he showed that free con'lpetltul);;; tte
i hich the economists celebrate
truggle for existence, w ‘ . ,
8 Srtﬁeg highest historical achlevementz is the qoxtmal. stat;
if the animal kingdom. Only conscicus orgzll'u:a:%o?. o
soci ion, in which production and distribu ion
social production, In w. ) L Cistribution
i i ‘ d way, can li
carried on in a planne ;
:;?)ve the rest of the animal world as -rega}rds the s;)(}::::
in th  that production m general }
aspect, in the same way I general has
i nen i ct as species,
done this for men in their aspe - as " cal
i nisation daily more i
evolution makes such an orga o dally o
i possible.
ispensable, but also with every day o pos :
g‘lzfm it will date a new epoch of history, in which man
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:;:éd 1tself, and with maflkin_d all branches of its activity
_ especially natural science, will experience an adva.hct;

.that will put everything preceding it in the deepest shade,

N ¢ i
Nevertheless, “all. that comes mnto being deserves to

perish.” - Millions of years may elapse, hundreds of-

thousands of‘. generations be born. and die, but in
(e);cg}rlably ti]e time will come when the declining warmth
¢ sun ! will no longer suffice to melt the ice thrusting

itself forward from the poles; when:the human race,

-crowding more and more about the equator, will finally

;:aéquzlgler ﬁnd,c;ven there enough heat for life: when
Y even the last trace of organic life wi ani
and the earth, an extinet froz be ke the mows o
nd th , en globe like the m ]
circle.in deepest darkness and i or it
nd in an ever na i
about the equally extinct ‘ ol e 1
. sun, and at-last fall into i
i(i);f:he.r planets w_ﬂl have preceded it, others will folc;c::i:
! : msFead of the bright, warm solar system with its
darmomous arrangement of members, only a céld
_erin,d sphere will still pursue its lonely path throu };
universal Space. “And what will bappen to our solir
_:ys:em will happen sooner or later to all the other
ti:' Zr:};s of. our island universe; it will lia.ppeh to all
er mnumerable island universes
: ! . , .even to th
jche 11.g1‘1t.qf which will never reach the earth while those
is z living human eye to receive it, ' o
And when such a solar syste ' .
_ ‘ vstem._has completed its life
gzc:}fywaﬁzi :;cm{:nbs to the fate of all that is ﬁ;iéic
> what then ?  Will the sun’s cor ; l
. 2 Pse roll on fo
tt:alt.ermty tlllrough.%nﬁmte space, and all the onece inﬁniie?::
iverse, differentiated natural forces pass. for ever j.nt:)

* Until quite recently these rathe

L] . \ ther gloom i

;ﬁ;‘;ﬁ:ﬂe’ eﬁrﬁx; if the time-scale provedgto beyv:;Jtrll;hllg:logTr :‘111’ s

at the cdnolusior]xntlzags itg?:wihclh? enzltlgr Dg}ae i.ndependently ::;x:;

s - e & i

Egr?;uéiz l(::corfqlmg to Milne) that chemie;inze!:;;;esvgi:e" e

up (at the he o ?bout onte two-thousand-millionth part per oy

Teaion to ‘lr:)bzsxca_ dchanges. If so it is at least conceivablie tg;?rt)hl'n

Drocess way marapl enough_ to compensate for the cooling of th iy
¥ never become impossible, # of the stars,
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one single form of motion, attraction? * Or e
‘Secchi asks (p. 810)—* do forces exist in nature which
can re-convert the dead system into its original state
“of an incandescent nebula and re-awake it to new life ?
We do not know.” ‘
“At all events we do not know in the sense that we -
know that 2 x2=4, or that the attraction of matter
increases and decreases according to the square of the
distance. In theoretical natural sciencc, however,
“which as far as possible builds up its view of nature into
‘a‘ harmonious whole, and without which nowadays
even the most thoughtless empirieist cannot get any-
where, we have very often to reckon with incompletcly
known magnitudes; and logical consistency of thought
must at all times help to get over defective knowledge.
Modern natural science has had to take’ over from
philosophy the principle of the indestructibility of
motion ; it cannot any longer exist without this principle.
But the motion of matter is not merely crude mechanical
motion, mere change of place, it is heat and light, clectric
and magnetic stress, chemical combination and dis-
sociation, life and, finally, consciousness. To say that
matter during the whole unlimited time of its existence
has only once, and for what is an infinitcsimally short
period in comparison to its eternity, found itscl able
to differentiate its motion and thereby to unfold the
whole wealth of this: motion, and that before and af ter
this remains restricted for eternity to mere change of
place—this is equivalent to maintaining that matter is
mortal and motion transitory. The indestruetibility of
motion cannot be merely quantitative,: it must also
be conceived qualitatively; matter whose purcly
mechanical change of place includes indeed the possibility
under favourable conditions of being transformed into
heat, electricity, chemical action, or life, but which is not
capable of producing these conditions from out of itsclf, .
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such matter has forfeited motion ; motion which has lost .

the capacity of being transformed into the various formy
appropriate to it may indeed still have dynamis but no
longer energeia,! and so has become partially destroyed.
Both, however, are unthinkable, :

This much is certain: there was a time when  the

matter of our island universe had transformed a guantity
of motion—of what kind we do not yet know—into heat,
such that there could be developed from it the . solar
systems appertaining to (according to Madler) at least
twenty miilion stars, the gradual extinetion of which. is
likewise certain. How did this transformation take
place 7 We know just as little as Father Secchi knows
whether the future capul mortuum of our solar system
will once again be converted. into the raw material of a

- new solar system.  But here cither we must have recourse
to a creator, or we are forcr_:-d to the conclusion that the.
incandescent’ raw material for the solar system of our
universe was produced in a natural way by transforma-
tions.of motion which are by nature inherent in moving
matter, and the conditions of which. therefore also must
be reproduced by matter, even if only after millions and
millions of years and more or less by chance but.with the

. necessity that is also inherent in chance.

The possibility of such a transformation is more and
more being conceded. The view is being arrived at

that the heavenly bodies arc ultimately destined to fall

into one another, and one even ealculates the amount of
heat which must be developed on such collisions. The
sudden flaring up of new stars, and the equally sudden
inerease in brightness of familiar ones, of which we are
informed by astronomy, is most easily explained * hy

! Lyynamis a.nd " energeié e Gr_éék words used by Aristotle.
They can roughly be trunstated as power 7 and ** activity.” : :

* The flaring up. of new stars is now generally explained not by

collision, but by an internal crisis in the star, in faet in a more dia-
lectical manner, L S L
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“'such collisions. Not only does our group Pf p(lianet:b
“move about the sun, and our sun within our 1sle!.n uni-
" wverse, but our whole island universe also moves In space

in temporary, relative equilibrium wit.hl t_h.e other‘islan;d
universes, for even the relative equilibrium of _.,free y
moving bodies can only exist. v-vhere the motion is
reciprocally determined; and it is assumed by many

. that the temperature in space is not everyw_here. the
. same. Finally, we know that, with the exception of an

infinitesimal portion, the heat of the innumerable.sung
of our island universe vanishes into space fm:d fails to
raise the temperature of space even by a ml']llonth of a
degree centigrade.? What beco_mes‘ of a.,ll :this eno.rngs
quantity of heat? Is it for ever -Ehssg)ated in il :
attempt to heat universal space, ‘has it ceaﬁed to ex;sl
practically, and does it only continue to _ex1st theoreti-
cally, in the fact that universal space h.as Peeorr%ehwa.rmer
by a decimal fraction of a degre‘? ‘l')'?gmnmg “j’lt' ftex;-g:
more noughts 2 The indestructibility of ¥na.:;‘?10n o; 1‘b
such an assumption, but it allows the possfolhty. that. hy
the successive falling into one a,nothe.r of tI.Le bodle_s oft ;
universe all existing mechanical motion will be convertff
into heat and the latter radiated info s}:ia,ce, S0 tl.lat ?11
_spite of all ** indestructibility of f(l)rce all -mo.taon n
general would have ceased. {Incu%entally 1t. is seen; :
here how inaccurate is the term }r}destructlblh.ty g
force ” ¢ instead of  indestructibility of .motion. )
Hencé we arrive at the conclusion that_ in some. way,
which it will later be the task of scientific research to
demonstrate, the heat radiated into space must be a'tble
'to become transformed into another form .of m()tlon(i
in which it can once more be stored. up and renderfl
active. Thereby the chief difficulty in the way of the
1 'Actualiy: the ‘temperature of dust purticles in the space between

ies i bably several degrees above absolute zero. "
thg'%llfgﬁzsr;;&ﬁ; ngests against the use of the_ same word..‘ Krnff

1)
for ** force” and ** energy.
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reconversion of extinet suns into incandescent ‘vapour
disappears, ' : ' ;
For the rest, the. eternally repeated succession of
worlds in infinite time is only the logical complement
to the co-existence of innumerable worlds in infinite
Space-—a principle the necessity of which has forced
itself even on the: anti-theoretical Yankee brain - of
Draper,! . ‘ S ' :
It is an- eternal cycle 2 in which matter moves, a
cycle that certainly only completes its orbit in periods
of time for which our terrestrial year is no adequate
measure, a cycle in which the time of highest develop-
mént, the time of organic life and still more that of the
life of beings conscious of nature and of themselves,
Is just as narrowly restricted as the space in which life

and self-consciousness come into operation; a eyele in -

which every finite mode of existence of matter, whether
it be sun or nebular vapour, single animal or genus of
animals, chemical combination or dissociation, is
equally transient; and wherein nothing is eternal but
eternally changing, eternally moving matter and the
laws according to which it moves and changes. But
however often, and however relentlessly, this cycle is
completed in time and space, however many millions
of suns and earths may arise and pass away, however
long it may last before the conditions for organie life

1 ** The multiplicity of worlds in infinite space leads to the conception
. of a succession of worlds in infinite time.”  J. W, Diraper, History of
the Intellectual Development of Europe. 186+,  Vol. 2, p. 325, [Note by
F. Engels.] : :

¥ At present physicists are divided on this question. A few take
Engels’ view that the universe goes through eyvelical changes; cutropy
being - somehow diminished by processes at present unknown (e.g.
formation of matter from radiation in interstellar space).  Others
think as Clausius (see p. 157) did, that it will run down. But there
is a third possibility, As pointed out above, the work of Milne
suggests that the universe as a whole has o history, though probably
an infinite one both in the pist and the future. It is nlmost certain
ihat Engels would have welcomed this idea, aithough he here admits
the eternity: of the Inws according to which matter moves and changes.
But p. 202 shows how close Kngels came to Milne's point of view, :

. ”~
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.develop, however innumerable the grganit? beings..that
‘have to arise and to pass away before amma}::, wﬂ.:h a
_brain capable of thought are developed‘ffom_t.ht?lr midst,
.and for a short span of time find condltlo'ns sultable.forl
‘life, only tc be exterminated later w1tl.10ut mercy, |
‘we have the certainty that matter remains eternal.ly
‘the same in all its transformations, that none of ‘1ts
sttributes can ever be lost, and therefore, al.so, that with
‘the ‘same iron necessity that it will exterminate on the
“earth its highest creation, the thinkmg: mind, it r_nu-st
somewhere clse and at another time again produce it.
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(1 he. general nature of dialectics to be developed as
the selenee of interconnections, in contrast to meta-
physies.) o N '

br is, thercfore, from the history of nature and human

socicty that the laws of dialectics are abstracted. For
they are nothing but the most general laws of these two
aspects of historical development, as well as of thought
itself.  And indeed they can be reduced in the main to
three :

The law of the transformation of quantity into quality
and vice versa ; )

The law of the interpenctration of opposites ;

The law of the negation of the negation. ’

All three arc developed by Hegel in his idealist fashion
as mere laws of thought : the first, in the first part of his
Logie, in the Doctrine of Being: the second fills the
whol'e of the seccond and by far the niost important part
<?f his Logic, the Doctrine of Essence: finally the third
figures as the fundamental law for the construction of
. the whole systemi..  The mistake lies in the fact that thesc
laws are foisted on nature and historv as laws of thought
and not deduced from them. This is the source of .th(; |
: wh‘ole forced and often’ outrageous treatment: the
tnverse, willy-niliv, is made out to bhe amanéed inl
accordanee with a system’ of thought which itself is only
the product of a definite stage of evolution of human
thought. .If we turn the thing round, then everything
becomes simple, and the dialectical laws that Jook Qn-'

20
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extremely mysterious in idealist philosophy at once
become simple and clear as noonday. oo
Moreover, anyone who is even only slightly acquainted
with his Hegel will be aware that in hundreds of passages
Hegel is capable of giving the most striking individual
illustrations from nature and history of the. dialectical

Jaws. . Ny

We arce not concerned here with writing a handbook
of dialectics, but only with showing that the dialectical
laws. are really laws of .development of nature, and
therefore are valid also for theoretical natural science.
Hence we cannot go into the inner interconnection of these
laws with one another. = - ' .

1. The law of the transformation of guantity int
quality and vice versa. ¥or. our purpose, W could

- ‘express this by ‘saying that in naturc, in a manner

exactly fixed for each individual case, qualitative
changes can only occur by the quantitative addition
or subtraction of matter or motion (so-called energy).!
All qualitative differences in nature rest on differences
of chemical composition or on different quantities or

- forms of motion (energy) or, as is almost always the

case, on both. Hence it is* impossible to alter - the
quality of a body without addition or subtraction of
matter or motion, i.e. without quantitative alteration
of the body concerned. In this form, therefore, Hegel’s
‘mysterious principle appears not only quite rational but
cven rather obvious.

It is surely hardly necessary to point out that the

various allotropic * and aggregational states of hodies,

1 Phis section was presumably written at  later date than the tirst,
The word energy was beinig used to supersede force and molion in so far
as they measured eapacity for doing work. ‘

# A substance is said to be allofropic when its molecules or atoms

ean’ be arranged in different ways so as to give substances with .

- different properties. Thus diamond and graphite are aHotropic forms
" “of carbon. The fact that they have different energy contents was fore-
~ seen by Engels, but only proved after his death. .
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because they depend on various groupings of the mole-
cules, depend on greater or lesser quantltles of motion
communicated to the bodies.

But what is the position in regard to change of form of
motion, or so-called energy ? If we change heat into
mechanical motion ‘or vice versa, is not the quality
altered while the guantity remains the same ? Quite
correct. But it is with change of forma of motion as
with Heine’s vices ; anyone ean be virtuous by himself,
for vices- two are always necessary. Change of form of
motion is always a process that takes place between
at least two bodies, of which one loses a definite quantity

of motion of one quality (e.g. heat), while the other

gains a corresponding quantity of motion of another
quality (mechanical motion, electricity, chemical de-
composition). Here, therefore, quantity and quality
mutually correspond to each other. So far it has not
'been found possible to cenvert motion from one form to
another inside a single isolated body.

We are concerned here in the first place with non-
living bodies ; the same law holds for living bodics, but
it operates under very complex conditions and at present
quantitative measurement is still often impossible for
us.! :
If we imagine any non-living body cut up into smaller
and smaller portions, at first no- qualitative. change
oceurs. But this has a limit: if we succeed, as bv
evaporation, in obtaining the separate molecules in the
free state, then it is truc that we can usually divide these
still further, yet only with a complete change of quality.

The molecule is decomnposed into its separate atoms,

which have quite different properties from those of the
molecule. In the case of molecules composed of various
chemieal elements, atoms or molecules of these elements

! Engels” view has been completely confirmed by very eareful’
measurements. c '
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‘ themselves make théir appearance in the place of the
“compound molecule; in the case of molecules of
- elements, the free atoms appear, which exert quite
: distinet ‘qualitative effects : the free atoms of nascent
- oxygen are casily able to effect what the atoms of
 atmospheric  oxygen, bound togethel in the molecule,-.
~ can never achieve.

- But the molecule is also quai-itatively different from

“the mass of the body to which it belongs. It can carry
" out movements independently of this mass and while
. the latter remains apparently at rest, e.g. heat oscilla-
“tions; by means of a change of position and of con-:
'~ nection with neighbouring : molecules it ean change the
body into an allotrope or a different state of aggregation.
© - Thus weé see that the purely quéantitative operation of
~ division has a limit at which it becomes transformed into
. a qualitative difference: the mass consists solely of
“ molecules, but it is something.essentially diflerent from
© the molecule, just as the latter is different from the atom. -

It is this difference that is the basis for the separation

" of mechanics, as the science of heavenly and terrestrial
" masses, from physics, as the mechanics of the molecule,

‘and from chemistry, as the physics of the atom.
In mechanics, no qualities occur; at most, states such

as equilibrium, motion, potential energy, which all
“‘depend on measurable transference of motion and are
" themselives capable of quantitative expression. Hence,

in so far as qualitative change takes place here, it is

' determined by a corresponding quantitative change.

In physics, bodies are treated as chemically un-

= alterable or indifferent ; ‘we have to do with changes
“of their molecular states and with the change of form

of the motion which in all cases, at least on one of the
two sides, brings the molecule into play. Here every
change is a transformation of quantity inte quality,
a consequence of the quantitative change of the quantity
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“of motion of one form or another that is inherent in
the body or communicated to it. ** Thus, for instance,

the temperature of water is first of all indifferent in

relation to its state as a liquid ;. but by increasing or
decreasing the temperature of liquid water a point is
reached. at which this state of cohesion alters and the
water becomes transformed on the one side into steam

and on the  other into ice.”. (Hegel, Encyclopedia, -

Collected Works, VI, p. 217.) Similarly, a definite

minimum current strength is required to cause the

platinum wire of an electric incandescent lamp to glow ;

and every metal has its temperature of incandescence

and fusion, every liquid its definite freezing and boiling
pomt at a given pressure-—in so far as our means allow
us to prodice the-témperature required ; finally also
every gas has its critical point at which it can be liquefied
by pressure and ceoling.

of the nodal points at which guantitative addition or
subtraction of motion produces qualitative alteration
in the state of the body concerned, at which, therefore,
- quantity is transformed into quality.! -
The sphere, however, in which the law' of nature
.~ discovered by Hegel celebrates its most  important
triumphs is that of chemistry. Chemistry can be
termed the science of the qualitative Chdl]g(“- of bodies
as a resuit of changed quantitative composition.” That
was- already known to Hegel himself (Lagie, Collected
Works, ITI, p. 433).2  As in the ease of oxvgen:

! Here, as 50 often, Engels was far in advance of his tine, It wars
vbvious fifty vears ago that the melting point of a substance was o

nodal point. But we now know that its colour ulso represents o series
of nodal points. As the frequm(v of light increases from red to violet,

we come to a series of frequencics which are just able to set the mole-

vules spinning or vibrating in a particalar manner.  Light of these
frequencies is therefore absorbed. And the colour of a substance iy
slmplv the expression of its capacity for absorhing lights of dlt"feront
hequencles Other examples coubd e given.

* See Appendix II, p. 331,

In short, the so-called physical
constants are for the most part nothing but designations .
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if three atoms unite into a ‘m()lecule,‘ instead of the usual
two, we get ozone, a body which is very considerably
different from ordinary oxygen in its odour and
eactions. Again, one can take the various proportions
n- which oxygen combines with nitrogen or sulphur,
sach - of which. produces a substance qualitatively
‘different from any of the others! How different
aughing gas (nitrogen monoxide N,0) is from nitric
nhydride (nitrogen pentoxide, N,0;)! The { first is
gas, the second at ordinary temperatures a solid .
rystalline substance. And yet the whole difference in
omposition is that the second contains five times as
much oxygen as the first, and between the two of them
re three more oxides of nitrogen (NO, N,0; NGO;),
“each of which is qualitatively. dlfferent from the first two
nd from each other.

+'This is seen still more strikingly in the homologous
ieries of. carbon compounds, especially in the simpler
hyvdrocarbons. Of the normal paraffins, the lowest is
iethane, CH,; here the four linkages of the carbon
‘atom are saturated by four atoms of hydrogen. The
second, ethane, C;Hg, has two atoms of carbon joined
together and the six free linkages are saturated by six
‘atoms of hydrogen. And so it goes on, with CaHg, C,H,,
ete., according to the algebraic formula C,H,, ., so
_that by each addition of CH, a body is formed that is
jualitatively distinet from- the. preceding one. The
“three lowest members of the series are gases, the highest
“known,! hexadecane, CisHss is a solid body with a.
- boiling point of 270° C. Exactly the same holds good
- for the series of primary aleohols with formula C,H,, . 50,
‘derived (theoretically) from the paraffins, and the
;eries of monobasie fatty acids (formula C,H;,0,). What
- qualitative difference can. be caused by the quantitative

.1 Since Engels’ time many more. munhe-rﬁ Of the series have hﬂ ]
“mades
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addition of C3Hj is taught by experience if we consume.
ethyl aleohol, C,Hg0, in any drinkable form without-
addition of other alcohols, and on another occasion

take the same ethyl alcohol but with a slight addition of

amyl aleohol, C;H,,0, which forms the main constituent -
of the notorious fusel oil. One’s head will certainly:

be aware of it the next morning, much to its detriment ;
s0 that one could even say that the intoxication, and
subsequent * morning after ” feeling, is also quantity
transformed into guality, on the one hand of ethyl
alcohol and on the other hand of this added C;Hg.

In these series we encounter the Hegelian law in yet
another form. - The lower members permit only of a

single mutual arrangement of the atoms. If, however,

the number of atoms united into a molecule attains a
size definitely fixed for each series, the grouping of the
atoms in the molecule can take place in more than one
way ; so that two or more isomeric substances can be
formed, having equal numbers of C, H, and O atoms in
the molecule but nevertheless qualitatively distinet
from one another. We can even calculate how many
such isomers are possible for each member of the series.

Thus, in the paraffin series, for C,H;, there are two, .

for CzH,, there are three; among the higher members
the number of possible isomers mounts very rapidly.
Hence once again it is the quantitative number of atoms
in the molecule that determines the possibility and, in
. so far as it has been proved, also the actual existence of
such qualitatively distinct isomers.

Still more. ¥rom the analogy of the substances with
which we are acquainted in each of these series, we can
draw conclusions as to the physical properties of the
still unknown members of the series and, at least for the
members immediately following the known ones, predict
their properties, boiling point, etc., with fair certainty.

Finally, the Hegelian law is valid not only for com-
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ound substances but also for the chemical elements

themselves. ‘We now know that *the chemical pro-

erties of the elements are a periodic function of their
tomic: weights ” (Roscoe-Schorlemmer, Complete Text-.

Book of Chemistry, II, p. 828), and that, therefore,
their quality is determined by the quantity of their

tomic weight. And the test of this has been brilliantly
carried out. Mendeleyev. proved that various gaps

“oceur in the series of related elements arranged according
_to atomic weights indicating that here new elements
_remain to be discovered. He described in advance the
“general chemical properties of one of these unknown

lements, which he termed eka-aluminium, because it

follows after aluminium in the series beginning with the

atter, and he predicted its approximate specific and

“atomic weight as well as its atomic volume, A few
‘vears later, Lecog de Boisbaudran actually discovered

his element, and Mendeleyev’s predictions fitted with

‘only very slight discrepancies. Eka-aluminium was

realised in gallium (ibid., p. 828). By means of the—
nconscious—application of Hegel’s law of the trans-
‘ormation of quantity into quality, Mendeleyev achieved
scientific feat which it is not too bold to put on a par
with that of Leverrier in calculating the orbit of the still
unknown planet Neptune.

-In biology, as in the history of human society, the -
same law holds good at every step, but we prefer to
dwell here on examples from the exact sciences, sinece

‘‘here the quantities are accurately measurable and

- Probably the same gentlemen who up to now have
deeried the transformation of quantity into quality as
mysticism and incomprehensible transcendentalism will

_now declare that it is indeed something quite self-evident,

trivial, and commonplace. which they have long em-
ployed, and so they have been taught nothing new,
g
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Buli_:_to have formulated for the first t

:r:c-ldt_fonn a general law of development of nature.

im ;zr{, and _thzught,.will always remain an act of historié
ance. And if these gentlemen h |

. _ 5€ ave. for year:

zig;tlald qua.ntzty and ql:lallty to be transformed intg orf;

er, without knowing what they did, then tﬁey will

?z.ved t:o console themselves  with Moliére’s Monsieur
ourdain who had spoken prose all his life wit__houf’

having thé. slightest inkling of it.

ime.in its universally

111
“BASIC FORMS OF MOTION

joN . in the most general sense, conceived as the
_ of .existence, the inherent attribute, of matter,
prehends all changes ‘and processes oceurring in
he universe, from mere change of place right to thinking.
iinvestigation of the nature of motion had as a matter
ourse. to start from the lowest, simplest forms of this
jon and to learn to grasp these before it eould achieve
anvthing in the way of explanation of the higher and
e complicated forms. Hence, -in the historical .
olution of the natural sciences we see how first of all
theory of simplest change of ‘place, the mechanics of
avenly bodies and terrestrial masses, was developed ;
was followed by -the theory of molecular motion,
sies, and\immediately afterwards, almost alongside
of it and in some places in advance of it, the science of
the motion of atoms; chemistry. Only after these
fferent branches of the knowledge of the forms of
otion governing - non-living nature had attained a
igh. degree of development could the explanation of the
rocesses of motion represented by the life process be
suceessfully tackled. This advanced in proportion with
he  progress of _miechanics, physies, and chemistry.
Consequently, while mectianics has for a fairly long time
Jready been able adequately to refer the effects in the
nimal body of the bony levers set into motion by
auscular contraction to the laws that prevail also in
on-living nature, the ‘physico-chemical establishment
‘of the other phenomena of life is still pretty much. at
' 35

lt
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;hv beginning of its course.' Hence, in investigating
ere the nature of motion, we are compelled to leave the

organic forms of motion out of account. We are

- compelled to restrict ourselves—in accordance with the
state of science—to the forms of motion of non-livin
nature, ¥

All motion is bound up with: some change of place, -

whether it be change of place of heavenly bodies
terrest.rial masses, molecules, atoms, or ether ﬁparticles?
The higher the form of motion, the smaller this changc;
of Place. It in no way exhausts the nature of the
motion concerned, but it is inseparable from the motion
It, therefore, has to be investigated before ‘anythin :
else. - TR
T.he whole of nature accessible to us forms a system

an interconnected totality of bodies, and by bodies \\(
understand here all material existence ekt&nding from.
stars to atoms, indeed right to-ether parfic]es in so
far as one grants the existence of the last namt’rd. jn’
?;he fact that these bodies are interconnected: is already
11_1c1.uded that they react on one another, and it is pr(;-
cisely this mutual reaction that constitutes mlotion

It'..already becomes evident here that matter is un-'
thinkable without motion.2 And if, in addition, matter
f:onfronts us as something given, equally unerca’table as
indestructible, it follows that motion also is as un-
cr?atabie as indestructible. It became impossible to
reject ‘I.I.hibf conclusion as soon as it was recognised that
the ul}werse' is a system, an interconnection of bodies

And since this recognition had been reached by philo-l
sophy long before it came into effective operation in
natural science, it is explicable why philosophy, fully

! The nature of many chemi ict i imal
bo:lgi)ihs oy o many chen ical and electrical processes in the animal
ysicists who had not read Engels were
. ) r . startied
discovery that even in the neighbourhood of the abSb?ut;) ge:: p frt;.lcent
atoms are still in vigorous internal motion. . of Reat,
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hundred years before natural science, drew the
clusion” of -the .uncreatability and  indestructibility
notion. - Even the form in which it did so is still
superior to the present day formulation of natural
ce.” ‘Descartes’ principle, that  the amount of
n present in the universe is always the same, has
only the formal defect of applying a finite expression to
an infinite magnitude. On the other hand, two ex-
pressions of the same law are at present current in
natural. science : Helmholtz's -law of the conservation
O'?_c_'e;-.-;arlld the newer, more precise, one of the con-
tion' of energy. Of these, the one, as we shall see,
s the exact opposite of the other, and ‘moreover each
ofithem expresses only one side of the relation.
When two bodies act on each other so that a change
of place of one or both of them results, this change of
ace: can consist only in an approach or a separation,
hey either attract each other or they repel each other.
.as- mechanics expressés it, the forces operating
ween them are central, acting along the line joining
eir centres. That this happens, that it is the case
hroughout the universe without exception, however
omplicated many movements may appear to be, is
wadays accepted as a matter of course. It would
eem nonsensical to us to assume, when two bodies
ct on each other and their mutual interaction is not.
pposed by any obstacle or the influence of & third body,
that this action should be effected otherwise than along
the shortest and most direct path, 7.e. along the straight
line joining their centres. It is well known, moreover,
hat Helmholtz (Erhaltung der Kraft [The Conservation
Force), Berlin, 1847, Sections 1 and 2) has provided
he mathématical proof that central action and un-
lterability of the quantity of motion are reciprocally
onditioned and that the assumption of other than
entral actions leads to results in which motion could
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be either created or destroyed. Hence the basic form
of all motion i$ approximation and separation, con-

traction and expansion—in short, the old polar opposites.

~of aftraction and repulsion. B

- Itisexpressly to be noted that attraction and repulsion
are not regarded here as so-called *‘forces’ but as
simple forms of motion, just as Kant had already con-
ceived matter as the unity of attraction and repulsion.

What is to be underst(_)dd by the conception of * forces.!”

will be shown in due course, . .

All motion consists in the interplay of attraction and
repulsion. Motion, however, is only possible when each
individual attraction is compensated by a corresponding

'repulsion somewhere else. - Otherwise in time one side
would get the preponderance over the other and then
motion "would finally cease. Hence all attractions and

all repulsions in the universe must mutually balance one -

another. Thus the law of the indestructibility and un-

creatibility of motion takes the form that each movement-

of attraction in the universe must have as its complement
an equivalent movement of repulsion and vice versa:
or, as ‘ancient philosophy—Ilong before the natural
scientifie formulation of the law of conservation of force
or energy-—expressed it : the sum of all attractions in
the universe is equal to the sum of all repulsions. '
~ However it appears that there are still two possibilities
for all motion to cease at some time or other, either by
repulsion and attraction finally cancelling each other
out in actual fact, or by the total repulsion finally taking

possession of one part of matter and the total attraction

of the other part. For the dialectical conception, these
possibilities are excluded from the outset. Dialectics
has proved from the results of our experience of nature
so far that all polar opposites in general are determined

by the mutual action of the two opposite poles on -

one another, that the separation and opposition of these
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‘exists only within their unity and'inter-cor}nection,
onversely, that their inter-connection exl.sts o‘nl'y
heir - separation and their unity only in their
sition. ‘This once established, there can be no
estion of a final cancelling out of repulsion and
ction, or of a final partition between the one form
motion in one half of matter and the other form in the
ther half, consequently there can be no question of
tual penetration or of absolute separation of tl}e two.
oles; - It would be equivalent to demanding in the .
t case that the north and south poles of a magnet
) ld':mutually cancel themselves out or, in the second
ase, that dividing a magnet in the middle between the
wo poles should produce on one side a north half
thout a south pole, and on the other side a south I}alf
thout a north pole. . Although, however, the im-
rmissibility of - such assumptions follows at once
vom the dialectical nature of polar opposites, neverthe-
ess, thanks to the prevailing- metaphysical mode of
thought of natural scientists, the second gssum-pthn
least plays a certain part in physical theory. This will.
e dealt with in its place. )
How does motion present itself in the interactu?n of
attraction and repulsion ? We can best investigate
hlS in the separate forms of motion-itself, ' At the end,
the general aspect of the matter will show 1tse.1f.
Let us take the motion of a planet about its central
body.  The ordinary school textbook of astronomy
sllows Newton in explaining the ellipse described as the
result-of the joint-actioﬂ of two forces, the attraction of
the central body and a tangential force driving the pl:a.net
along -the normal to the direction of this attr?ctlon. _
Thus it assumes, besides the form of motion directed
centrally, also another direction of moti‘o_n or so-called
“force * perpendicular to the line joining the ce-ntral
'points'. - Thereby it contradicts the above-mentioned
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basic law according to which all motion in our universe

can only take place along the line joining the central -
points of the bodies acting on one another, or, as one 5ays, -

is caused only by centrally acting forces. Equally, it
introduc‘es into the theory an element of motion which,
- as we have likewise seen, necessarily leads to the creation

and destruction of motion, and therefore presupposes a
creator.  'What had to be done, therefore, was to reduce -

_this mysterious tangential force to a form of motion
acting eentrally, and this the Kant-Laplace theory of

cosmogony accomplished. As is well known, according -
to this conception the whole solar system arose from a-

rotating, extremely tenuous, gaseous mass by gradual
contraction.

individual gascous rings scparate themselves from the
mass and clump themselves together into planets,

planetoids, ete., which revolve round the central body .

in the dircction of the original rotation. This rotation

itself is usually explained from the motion characteristic .

of the individual particles of gas. This motion takes
place in all direetions, but finally an excess in one-
particular direction makes itself evident and so causes
the rotating motion, which is bound to become stronger
and stronger with the progressive contraction of the
gaseous spherc.  But whatever hypothesis is assumed
of the origin of the rotation, it abolishes the tangential
force, dissolving it in & special form of the phenomena
of centrally acting motion. If the one element of
planctary motion, the directly central onc, is ‘repre- -
sented by gravitation, the attraction between the planet
and the central body, then the other tangential element
appecars as a relic, in a derivative or altered form, of.
the original repulsion of the individual particles of the
gaseous sphere.: Then the life process of a solar system
presents itself as an interplay of -attraction and re-

The rotational motion is obviously
strongest at the equator of this gascous sphere, and
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pulsion, in which attraction gradually more and more
| gets the upper hand owing to repulsion being radiated
into space in the form of heat and thus more and more
- becoming lost to the system. .
“One secs at a glance that the form of motion here
~ conceived as repulsion is the same as that which modern
_phiysies terms “ energy.” By the contractic‘)n .oi': the
~system and the resulting detachment of the individual
_bodies of which it consists to-day, the system has lost
ehergy,” and indeed this less, according to Helm-
“holtz’s well-known - calculation,! already amoun‘Fs to
453/454 of the total guantity of motion originally
- present in the form of repulsion. : :
" Let us take now a mass in the shape of a body on our
_earth itself. It is connected with the earth by gra.w'ta-
. tion, as the earth in turn is with the sun; bu? unlike
- the earth it is incapable of a free planetary motion. . It
_can be set in motion only by an impulse from outside,
imd even then, as soon as the impulse ceases, its move-
ment speedily comes to a standstill, \\fhether 1f)y ‘Fhe
- effect of gravity alone or by the latter in con.nbmatlon
. with the resistance of the medium in which it moves.
.~ 'This resistance also is in the last resort an effect of
o gravity, in the absence of which the earth would not have
on its surface any resistant medium, any atmosphere.
- Hence in pure mechanical motion on the earth’s .surt.'acc
we are concerned with a situation in which gravitation,
" attraction, decisively predominsates, ‘ where therefore
‘the production of the motion shows both pl}ases : first
. eounteracting gravity and then allowing gravity to agt—-
in a word, production of rising and falling. ’
Thus we have again mutual action between attractu?n
on the one hand and a form of motion taking place in

| 3i : i activ forces between certain
. 1 Since Helmholtz's time the huge attractive b

atomic nuclei have been discovered. If these are taken into account

- the loss is far less.

n¥
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the opposite direction to it, hence a repelling form of

motion, on the other hand. But within the sphere of
terrestrial pure mechanics (which deals with masses of
given states of aggregation and cohesion taken by it as
unalterable) this repelling form of motion does not
occur in nature. The physical and chemical conditions
under which a lump of rock becomes separated from a
mountain top, or a fall of water becomes possible, lie
outside our sphere. Therefore, in terrestrial pure

~ mechanies, the repelling, raising motion must be pro-

duced artificially : by human force, animal force,
water or steam power, etc. And this circumstance, this
necessity to combat the natural attraction artificially,

causes the mechanicians to adopt the view that attrac- .

tion, gravitation, or, as they say, the force of gravity,
is the most important, indeed the basie, form of motion
in nature. :

When, for instance, a weight is raised and commum—
cates motion to other bodies by falling directly. or

indirectly, then according to the usual view of mechanics

it 1s not the raising of the weight which communicates
this motion but the force of gravity. Thus Helmholtz,

for instance, makes ‘‘ the force which is the. simplest -

and the one with which we are best acquainted, viz.
gravity, act as the driving force . . . for instance in
grandfather clocks that are actuated by a weight. The
weight . . . cannot comply with the pull of gravity

without setting the whole ‘clockwork in motion.”” But .

it cannot set the clockwork in motion without itself
sinking and it goes on sinking until the strmg from whlch
it hangs is completely unwound :

“ Then the clock comes to a stop, for the operative
capacity of the weight is exhausted for the time
being. Its weight is not lost or diminished, it re-

~ mains attracted to the same-extent by the earth,
~ but the capacity of this weight to produce movements
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has been lost. . . . We can, however, wind up the
clock by the power of the human.arm, whereby the -
. weight is oncé more raised up. As soon as “this
~has. happened, it’ regains its- previous operatwe y
:.capacity and can again keep the clock in motion.”

. (Helmholtz, Populafr Lectures, German Edition, IL,
"pp. 144~5.) :

According to Helmholtz, therefore, it is not the actlve

ommunication of motion, the raising of the weight, that

“sets the clock into motion, but the passive heaviness of
he weight, although this same heaviness is only with-

drawn from its passivity by the raising, and once again

returns to passivity after the string of the weight has

‘mnwound. If then according to the modern conception,

_as we saw above, energy is only another expression for
repulsion, here in the older Helmholtz conception force
“appears as another expression for the opposite of re-
_pulsion, for attraction. For the time being we shall
- simply put this on record.

'~ When this process, as far as terrestrial mechanics is
- eoncerned, has reached its end, when the heavy mass
- has first of all been raised and then again let fall through
the same height, what becomes of the motion that con-.
stituted it ? For pure mechanies, it has disappeared.

But we know now that it has by no means been destroyed.

To a lesser extent it has been converted .into the air
oscillations of sound waves, to a much greater extent
into heat—which has been communicated in part to the
resisting atmosphere, in part to the falling body itself,
and finally in part to the floor, on which the weight
“comes to rest. The clock weight has also gradually
given up its motion in the form of frictional heat to
the separate driving wheels of the clockwork. But,

although usually” expressed in this way, it is not the
falling motion, i.e. the attraction, that has passed into
“heat, and therefore into a form of repulswn On the.
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contrary, as Helmholtz correctly remarks, the attraction
the heaviness, remains what it previously was and:
ftccurately speaking, beecomes even great-er. Rather
it is the repulsion communicated to the raised body by
raising that is mechanically destroyed by falling” and
reappears as heat. The repulsion of masses is trans-
formed into molecular repulsion. '
Heat, as already stated, is a form of repulsion. It
sets the molecules of solid bodies into oscillation, thereby
‘loosening the connections of the separate molecules
until finally the transition to the liquid state takes

place. I.n -the liquid state also, on continued addition -
of heat, it increases the ruotion of the molecules until a

degree is reached at which the latter split off altogether
from the mass and, at a definite velocity determined for
each x?aolecule by its chemical constitution, they move
away individually in the free state. With a still further
addition of heat, this veloeity is further inereased, and 50

‘the molecules are more and more. repelled from one -

another. :

But heat is a form of so-called ** encrgy ”; here-

once again the latter proves to be identical with
repulsion.

In the Phenomena of static electricity and magnetism,
we have & polar division of attraction and repulsion.:
“‘hatever hypothesis may be adopted of the modus
operandi of these two forms of motion, in view of the
facts no one has any doubt that attraction and repulsion
in so fa:r as they are produced by static electricity 0;'
magnetism and are able to develop unhindered, com-
pletely compensate one another, as in fact nece,ssarilv
follows from the verv nature of the polar division.
Two poles whose activities did not completely com-
. pensate each other would indeed not be poles, and also
h-ave s0. far not heen discovered in nature. For the
- time being we will leave galvanism out of account,

BASIC FORMS OF MOTION 45

- ‘because in its case the process is determined by chemical
_reactions, which makes it more complicated. There-
© fore, let us investigate rather the chemical processes of

motion themselves.. : :

When two parts by weight of hydrogen combine with
15:96 parts by weight of oxygen to form water vapour,
an amount of heat of 68,924 heat units is developed

*“during the process. Conversely, if 17-96 parts by weight

of water vapour are to be decomposed into 2 parts by
weight of hydrogen and 15-95 parts by weight of oxygen,
this is only possible on condition that the water vapour

"has communicated to it an amount of motion equivalent

to 68,924 heat units—whether in the form of heat itself
or of electrical motion.  The same thing holds for all
other chemical processes. In the overwhelming majority

‘of cases, motion is given off on combination and must
‘be supplied on decomposition. Here, too, as a Tule,
‘yepulsion is the active side of the process more endowed

with motion or requiring the addition of motion, while
attrection is the passive side producing a surplus of
motion and: giving off ‘motion. On this account, the
modern theory also declares that, on the whole, energy
is set free on the-combination &f elements and is bound
up on decomposition. And Helmholtz declares :

“ This force (chemical affinity) ean be conceived
as a force of aftraction. . ... This force of atiraction
. between the atoms of carbon and oxygen performs
wark quite as much as that exerted on a raised weight
by the earth in the form of gravitation. . . . When
carbon and oxygen atoms rush at one another and
combine to form carbonic acid,! the newly-formed
pariicles of carbonic acid must be in very viclent
molecular motion, i.e. in heat motion. . . . When
later they have given up their heat to the enviren-
ment, we still have in the carbonie acid all the carbon,

e, Now usually called carbon dioxide.
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adl the oxygen, and in addition the affinity of both
continuing to exist just as powerfully as before. But
this affinity now expresses itself solely in the fact that
the atoms of carbon and oxygen stick fast to one
another, and do not allow of their heing separated o
(Helmbholtz, loc. cit., p. 169). :

It is Just as before : Helmholtz insists that in chemistry
as in mechanies force comsists only in atfraction, and

therefore is the exact opposite of what other physicists

call energy and which is identical with repulsion.

Hence we have now no longer the two simple basie

forms of attraction and repulsion, but a whole series of
sub-forms in which the winding up and running down
process of universal motion goes on in opposition to
both attraction and ‘repulsion. It is, however, by no
means merely in our mind that these manifold forms of
appearance are comprehended -under the single ex-
pression of motion. On the contrary, they themselves
prove in action that they are forms of one and the same
n_mtn_:)n by passing into one another under given condi-
.".thIlS‘. Mechanical motion of masses passes into heat
mto electricity, into magnetism; heat and'.electricityz
pass into chemical decomposition ; chemieal combination
In turn develops heat and electricity and, by means
of the latter, magnetism ; and finally, heat and electricitsr
produce once more mechanical movement of masses
Moreover, these changes take place in such a way that a:
given quantity of motion of one form always has
corresponding to it an exactly fixed quantity of another
form. Further, it is a matter of indifference which
form of motion provides the unit by which the amount
"of motion is measured, whether it serves for measur-
ing mass motion, heat, so-called electromotive force
~or the motion undergoing transformation in chemicaj
processes.

We base ourselves here on the theory of the  conserva-
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tion of energy ” established by J. R. Mayer ! in 1842

‘and afterwards worked out internationally with such

brillient success, and we have now to investigate the
fundamental concepts nowadays made use of by this
theory.  These are the concepts of “ foree,” ** energy,”’

.and * work.” .

It has been shown above that according to the modern

E view, now fairly generally accepted, energy is the term

used for repulsion, while Helmholtz generally uses the
word force to express attraction. One could regard this
as a mere distinction of form, inasmuch as attraction
and repulsion compensate each other in the universe,

* . and accordingly it would appear a matter of indifference

which side of the relation is taken as positive and which

- as negative, just as it is of no importance in itself.

whether the positive abscissee are counted to the right
or the left of a point in a given line. Nevertheless, this
is not absolutely so. _

For we are concerned here, first of all, not with the
universe, but with phenomena occurring on the earth

! Helmholtz, in his Pop. Vorlesungen [Popular Lectures], 11, p. 113,
ap| to ascribe a certain share in the natural scientific proof of
Descartes’ principle of the quantitative immutability of motion to

. himself as weil as to Mayer, Joule, and Colding. I myself, without

knowing anything of Mayer and Colding, and only becoming acquainted
with Joule’s experiments at the end of my work, proceeded along the
same path; 1 occupied myself especially with searching out all the
relations between the various processes of nature that could be deduced
from the given mode of consideration, and I published my invesligations
in 1847 in a little work entitled Uber die Erhaltung dev Kraft [On the’
Conservation of Force].”—But in this work there is to be found nothing
new for the position in 1847 beyond the above-mentioned, mathe- -
maticaily very valuabie, development that “ conservation of foree * and
central action of the forces active between the varions bodies of a system
are only two different expressions for the same thing, and further a
more accurate fortnulation of the law that the sum of the live
and tensional forces * in & given mechanical system is constant. In
every other respect it was already superseded since Mayer’s second -
paper of 1845, Already in 1842 Mayer maintained the ‘ indestructi-
bility of force,” and from his new standpcint in 1845 he had much
more brilliant things to say about the * relations between the various
processes of nature >’ than Helmholtz had in 1847. [Note by F. Engels.]

. % “Liveforce " orvis viva is now termed kinetic energy. and ** tensional
force ™ potential energy. - :
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and conditioned by the exact position of the earth in
the solar system, and of the solar system in the universe.
At every moment, however, our solar system gives out
enormous quantities of motion into space, and motion
of a very definite quality, viz. the sun’s heat, 7.e. re-
pulsion.! But our earth itself allows of the existenee
of life on it only owing to the sun’s heat, and it in turn
finally radiates into space the sun’s heat received, after it
has converted a portien of this heat into other forms of

motion. Consequently, in the solar system and above

all on the earth, attraction already considerably pre-

ponderates over repulsion. Without the repulsive.
motion radiated to us from the sun, all motion on the.

earth would cease. If to-morrow the sun- were to
become cold, the attraction on the earth would still,
other circumstances remaining the same, be what it is
to-day. As before, a stone of 100 kilogrammes, wherever
situated, would weigh 100 kilogrammes. But the
motion, both of masses and of molecules and atoms,
would come to what we would regard as an absolute
standstill. Therefore it -is clear that for processes
occurring on the earth to-day it is by no means a matter
of indifference whether attraction or repulsion is con-
ceived as the active side of motion, hence as * foree "
or “energy.” .On the contrary, on the earth to-day
atiraction has slready become altogether passive owing
to its decisive preponderance over repulsion; we owe
all active motion to the supply of repulsion from the

sun. Therefore, the modern school—even if it remains

“unclear about the nature of the relation -constituting
mdtiom—n(_averthe]ess, in point of fact and for terrestrial
processes, indeed for the whole solar system, is abso-
lutely right in conceiving energv as repilsion.

1 Agém Engels was ahend of his time, It was only in 1800 that radiant

heat and light were shown by Lebedeff to exercise repulsion on the bedies
emitting, absorbing, or reflecting them, ‘
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.The expression *‘emergy”. by no means correctly

‘expresses all the relationships of motion, for it ‘compre-
‘hends only one aspect, the action but not the reaction. It
still makes it appear as if ““energy ” was something ex-
temal to matter, something implanted in it. Butin alt cir-
‘cumstances it is to be preferred to the expression * foree.”

- As conceded on all hands (from Hegel to Helmheltz),
the notion of force is derived from the activity of the

‘human organism within its environment. We speak.

of museular foree, of the lifting force of the arm; of 43¢
ieaping power of the legs, of the dige-t(ve foree of ‘thef
stomach and intestinal senal, of the sensory force o
the nerves, of the sceretory force of the gland‘s, cte,
In other words, in order to save having to give the real
cause-of a change brought about. by a function of our
organism, we fabricate a fictitious cause, a so-ce.llefl ,
force corresponding to the change. Then we carry this
convenient method over to the external world also, and s&:
invent as many forces as there are div.crse phenomen_a.
In Hegel's time natural science (wlth the e.xcepnion.
perhaps of - hecavenly and terrestrial mechanics) was
still in this naive state, and Hegel quite correctly attacks
the prevailing way of denoting forces (passage to be
quoted).? Similarly in another passage : .
“ It is better (to say) that a magnet has a Soul (as
Thales expresses it) than that it has an attracting force;
foree is a kind of property whieh is separable fmm
matter and put forward as a predxcgtc-——-.-whlle. soul,
on.the other hand, is iis movement, :cde'nt-zcc.zl zc-at'h the
nature of matler.” (Geschichte der Philosophie [History
of Philosophy], 1. p. 208.) _
To-day we no longer make it so easy for ourselves in
regard to forces. Let us listen to Helmholtz ;.

i XNo one but an

t Nowadays this tendcncy has been reversed.  an
ettr«?rr?;‘iitglist would speak of a secrctory force 1n}-¢l\ glagd.f fcr:;
'sz‘\.liva, for example, appears to be scparatedﬂfmm the b 39«_]113‘ 0'-}"1]
which are essentially electrical. ? See Appendix IT, p. 3341,
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“If we are fully acquainted with a natural law,

we mmust also demand that it should operate without-
. . Thus the law confronts us as an

exception. .
objective power, and.accordingly we term it a force.
For instance, we objectivise the law of the refraction
of light as a refractive power of transparent sub-
stances, the law of chemical affinities as a foree of
affinity of the various substances for one another.
Thus we speak of the electrical force of contact of

“-.metals, of the force of adhesion, capillary force, and:
%U";r\h-."--..TheSe names objectivise laws which in the,
rst place €mhrace only a limited series of natural

processes, the conditions far which are still rather
complicated. . . . Force is onks the objectivised law
of action, . . . The abstract idea of force introduced
by us only makes the addition that we have not
arbitrarily invented this law but that it is a com-
- pulsory law of phenomena. Hence our demand to
understand the phénomena of nature, i.e. to find out
their laws, takes on. another form of expression
viz. that we have to seek out the forces which are
the causes of the phenomena.”” (Loc. cit., pp. 189~
- 191. Innsbruck lecture of 1869.) #o PR S5

. Firstly, it is certainly a peculiar manner of * objecti-
.\*lsing” if the purely subjective notion of force is introduced’
3nto a natural law that has already been established as:
independent of our subjectivity and. therefore com-
ple.tely objective. At most an Old-Hegelian of the
strictest type might permit himself such a thing, but not
a Neo-Kantian like Helmholtz. Neither the law, when
once established, nor its objectivity, nor that of its

action, acquires . the slightest new objectivity by our

interpolating a force into it; what is added is our
subjective assertion that it acts in virtue of some so far
entircly unknown force. The secret meahing . how-
ever, of this interpolating is seen as soon as Hel’mholtz
gives us examples : refraction of light, chemical affinitv,.
contact - electricity, adhesion, capillarity, and confe;;
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n the laws that govern these phenomena the * objective”
honorary rank of forces.  These names objectivise
aws which in the first place embrace only a limited
eries of natural processes, the conditions for which
are still rather complicated.” And it is just here that the
% objectivising,” which is rather subjectivising, gets its
meaning ; not because we have become fully acquainted
- with the law, but just because this is not the case. Just
“because we are not yet clear about the * rather compli-
eated conditions ’ of these phenomena, we often resort
“here to the word force. We express thereby not our
* seientific knowledge, but our lack of scientific knowledge
~of the nature of the law and its mode of action. In this
~ sense, as a short expression for a causal connection that
~ has not yct been explained, as a makeshift expression, it
- may pass for current usage. Anything more than that
- is bad: With just as much right as Helmholtz explains
- physical phenoména from so-called refractive foree,
- electrical foree of contact, ete., the medisval scholasties
explained temperature changes by means of a vis ealort-
' fica and a vis frigifaciens and thus saved themselves all
further investigation of heat phenomena. :
And even in this sense it is one-sided, for it expresses
everything in a one-sided manner. Al natural processes
are two-sided, they rest on the relation of at least two
effective parts, action and reaction. “The notion of
'force, however, owing to its origin from the action of
the human organism on the external world, and further
hecause of terrcstrial mechanies, implies that only one
part is active, effective, the other part heing passive,
receptive ; hence it lays down a not yet demonstrabie
extension of the difference between the sexes to non-
living objects. The reaction of the second part, on
whieh the force works, appears at most as a passive
-reaction, as a resistance. This mode of conception is
permissible in a number of fields even outside pure
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mechanies, namely where it is a matter of the simple

transference of .motion and its quantitative caleulation.

But already in the more complicated physical processes

it is 4no longer adeq'uate, as Helmholtz’s own examples
prove. The refractive forcc Hes just as much in th;:

light itself as in the transparent bodies. - In the case of |

.ad.hes;on and capillarity, it is eertain that the ** force
is ]usF as much situated in the surface of the solid as i
the l‘lquzd. In contact clectricity, at any rate its i
. certe?ln that both metals contribute to it, and ch, i 1?
gffim?y ”.aiso is situated, if anywhere, i’n both theemlca'
éntering into combination. But a force which cor}lj al’:"
?f separ'atcd forces, an action which does not e\flsks
!ts reaction, but which exists solely by itself, is no f o
i‘r}hﬁhle. sense of Itcrrcstrial mechanies; the onl’y qciencc:?rf
iich  orie rea ly knows what is meant b ‘a
f‘oil-thc ‘bafs:c emllditioz.ms of terrestrial mcc}{anicfoziz'
irstly, refusal to investigate the causes of the impuls ,
i.c. th'c nature of the particular foree, and secoplil;e’
thrv view of the onc-sidedness of the, f'orcc:, lit Stzinyr;
;;;‘:rg'wilszﬁ _ S{)‘EOSF(I by an identical -gravitatiun:l
L . in . " . -
distance of fall the eari?l?:l;‘zg;l?;l =‘:fh - fe”‘l‘-”t“ai
.Bgt let us see further how Helmholtz objectivises ™
his ** forees ” into natural laws. e
. In a lecture of 1854 (loe. ¢it., p. 119) he e:‘lcamines th
stere of working foree ! originally contained i the
ﬁeruIar. sphere from which our solar systeﬁl was f(:;;mdc
- :hﬂofi ;:’ciaai I;nli(;c(]i:i(}lq a:; enormously large legac‘.;
s Tespeet, ' ¢ form.of the general foree
f‘)f atiraction of all its parts for : ”? _’Qrf-jﬂ
indubitably is so. But itpis ccllnallv()ii(:iuai;;);}l;(lzz ‘th' tjthhls
‘.whole pf this legacy of gravitation is present undimi ¥ sh :
in the solar system to-day, apart perhaps fromls Ed
nurnute quantity that was lost together with the r?a.tiee
! We should now eall this poteatial energy. '
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which was flung out, possibly irrevocably, into space.' _
Further, ** The chemical forces too must have been
already present and ready to act; but as these
forces could become cifective only on intimate contact
of the various kinds of masscs, condensation had to
take place before they came into play.” . If, as Helmholtz |
does above, we regard these chemical forces as forces
of affinity, hence as attraction, then again we are hound to
say that the sum-total of these chemical forees of attrac-
tion «till exists undiminished within the solar system.
But on the same page Helmholtz gives us the results
of his caleulations * that perhaps only the 45ith part
of the original mechanical foree exists as such 7——that
is to say, in the solar system. How is onc to make
‘sense of that ? The force of attraction, gencral as well
as chemical, is still present unimpaired in the solar
system. Helmholtz does not mention any other ecrtain
“source of force, In any case, according to Helmholtz,
‘these forces have performed tremendous work. But
-they have neither increased nor diminished on that
account. As it is with the clock weight mentioned
above, so it is with every molecule in the solar system
and with the solar system itsclf. * Its gravitation is
neither lost nor diminished.” What happens to carbon
and oxygen as previously mentioned helds good for all
chemical elements : the total given quantity of cach one
remains, and “ the total force of allinity continucs to,
exist just as powerfully as before.”  What have we lost
then ? And what * foree ™ has performed the tre-
mendous work which is 433 times as big as that which;
according to his caleulation, the solar system is still
able to perform ?  Up to this point Helmholtz has given
no answer.  BBut further on he says: o
“YWhethor a further reserve of furce-in the shape of heat
was present, we do not, know. —RBut. if we may be
allowed to mention it, heat is a repulsive “foree,” 1t
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acts therefore against the direction of both gravitation-

g minus if these are put as
plus. "Hence if, according to Helmholtz, the original.

and chemical attraction, bein

store of force is composed of general and chemical
atiraction, an extra reserve of heat would have to be,
not added to that reserve of force, but subtracted from

it. Otherwise the sun’s heat would have had to strengthen

the force of attraction of the earth when it causes water
to evaporate in direct opposition to this attraction, and-

the water vapour to rise ; or the heat of an incandescent .

iron tube through which steam is passed would strengthen
the chemical attraction of oxygen and water, whereas
It puts it out of action. Or, to make the same thing
clear in another form : let s assume that the nebular
. Sphere with radius 7, and therefore with volume Lrr3,
has a temperature 7. Let us further assume g second
nebular sphere of equal mass having at the higher
temperature T the larger radius R and volume $mR3,
Now it is obvious that in the second nebular sphere the
attraction, mechanical as well ag physical and chemical,
can act with the same foree as in the first only when it
has shrunk from radius & to radius 7, ¢.e. when it has
radiated inte world space heat cbrrespdnding to the
temperature difference T—z, A hotter nebular sphere
will therefore condense later than a colder one; conse-
quently the heat, considered from Helmholtz’s standpoint
as an obstacle to condensation, is no plus but a minus
of the “ reserve of force.” Helmholtz, by pre-supposing
the possibility of a quantum of repulsive motion in the -
form of heat becoming added to the attractive forms of
motion and increasing the total of these latter, commits
a definite error of caleulation. ‘
Let us now bring the whole of this reserve of force,”
. possible as well as demonstrable, under the same
mathematical sign so that an addition 1s possible.  Since
for the time heing we cannot reverse the heat and re-
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i | i shall
i i squivalent attraction, we
e . this eqls:al with the two forms of

o “ Peﬁ:;;?n th;;sizzzr of the ge-neral fo‘xrcet‘3 :é‘
3tt1'30tf0n- 'nsteaci of the chemical affinity, and 1nst d
8"‘ttmcml'?ﬂ’tl which moreover possibly already e:;ls sum
ok 31’ outset, we have simply to put—t e sthe
S ther leive mofjion or so-called erergy present n:lndé-
N I'EPU; - at the moment when 1t become.s i i
B dent. erg by so doing Helmholtz’s caleulation Wit
Dl 'An hiZh hé wants to calculate * the hea,’il._nrg1
alsot h()llfs,tlzri‘; from the assumed initial condgr‘gzulgy
.z};ath:lhea{renly bodies of omdziifizn;hirgxﬁlo II:EL pulousty
. »” - .
gcattered’?!:‘ ttf;at r]zgil};;‘:)sniehe also makes it ;,)?ss?}iz
o oda Othe a:;sumed “ heat reserve force. N
- ac:dt' Oilll then asserts that 453/454 of all the ;I;e ﬁz;
:aelcii;ullzion ‘originally present in the gaﬁe;:uso ipt :)e i
e 1i ace i m of heat, or,
b radiate& n‘;t:thjlf; Tft:; ia;,(“)tf"!:raction in tl'ae prese;li.
-accurately, .at the sum of all repulsion, still preste ;
{301&1‘ R 50453 . 1. But then it direetly con 1:}
i oy Saifn e1’: ':f the lecture to which it i's added as p]i)c; a:
.dcht; gllzne}:he notion of force, even in the If;.f;m v
11 icist like Helmholtz, gives rise to §uc'h co ne;-ai o
; ysmlth' is the best proof that it is in ge ol ot
lsiesii;:tiblli of scientific use in all branches of investig

thl’l W]HQII Q b

oivert
; e taken as g
. of motion ar -
In mechanics the causes heir effects being

and their origin is disr;{garcled_’f 0;11‘3; atuse of motion is

: into account. IHence 1 ‘ anics. as

tak;tdl a force, this does no damage w0 I;lei-cghis term

" h; but it becomes the custom to trans wnd then

Sl;:c, ,to physies, chemistry, and bm};g{;én this and
aonfusion is inevitable. We have already ¢

eo _

sha uently see it again. ‘
-"h‘;}i: I:;ie concept of work, see the next chapter .
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“ On the other hand, I have alwa
> othe ) : 's fou i

;)}111&:5 jleal? basic concepts in this ﬁelc{y (i.e. ?‘(iﬂ]lléﬂgztig
physical ‘(;Oc?i?i%pt? .of work and their unalterability )
. sone ey (i;l t to grasp for persons who have not
gone th Ong the schoql of mathematical mechanics
hig ﬁ) te of all zeal, all intelligence, and even a fairl‘},”
gh ¢ b% Ee (_)fd seientific knowledge, Moreover; it
A etline Ithat they are abstractions of a qzxite
pecu N nd. It was not without difficulty that

such an intellect as that of I. Kant succegded in

understancﬁing them i
. N s 4as 1 * T .
against Leibniz on this subjseclzi?‘ ed by his polemie

So says Helmholtz (Pop. wiss,

Scientific Lectures), 11, Preface).
a aﬁcs:rdfng to this, we are venturing now into a >very
o eg tl{::sl.ibel;it, th? more so since we cannot very well
erty of guiding the reader * th
. f rou
ffh{-)‘?l of mathematical mechanics.” Perhaps hoi}’le:ie ‘
i] i ;; ;clt Ful"ln tcl»lut lzhat, where it is a question of’ concepts"
ica inking will ecarr ’ s
mathematical ecaleulation. Yo 19?«5?3 wfar e
ac;jgliic; d;scov}«le.re}d, on the one hand, the law of falling
0 which the distances traversed b ing
ord ' 7EX v falli

gf)?l;f' arc proportional to the squares of the times takgf
ailmg. On the other hand, as we shall see, he put

! In the physic st fi

rathel uniri?ll)lg Iil;s 1f)f the last fifty years the notion of force has hec
doal o tampor tn as compared.with that of energy. Hence gond
A nowadans 1o ?Szr, \EIIELE t_li[mpcu_'tant at the time when it t\"ﬁL\\:;iE?L::l
L 55 50, s dioes fot, of course, diminish its in '
v ] ot, . dimi ag 1
gee t?z:n%ﬂggf;c;}sgln?flmne-'tecnth-century phvsic'-li1 ls}.llrilt:;:o]er:it el‘“‘e: tstlfnl'?

e( " - JRL ¥ - * S

actually adviuend out some.of the lines along which physics

Vortrage [Popular
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forward the not quite compatible law that the magnitude
of motion of a body (its impeto or momento) is determined
by the mass and the velocity in such s way that for
constant mass it is proportional to the velocity.
Descartes adopted this latter law and made the produet
of the mass and the velocity of the moving body quite

- generally into the measure of its motion.’

Huyghens had already found that, on elastic impact,
the sum of the products of the masses, multiplied by the
squares of their velocities, remains the same before and
after impact, and that an analogous law holds: good in
various other cases of motion to a system of connected

bodies. : _
. Leibniz was the first to realise that the. Cartesian
measure of motion was in contradiction to the law of
falling. On the other hand, it could not be denied that
in' many cases the Cartesian measure was correct.
'Accordingly, Leibniz divided moving forees into dead
forces and live forees.!] The dead were the  pushes ”

! In a system.of moving bodies certain quantities rernain constant
provided the system is not acted on from outside and does not act -
on outside hodies. (Of course no real system is completely isolated.)
These quantities include its mass, and seven others which depend
on the motions of the bodies. One of these is the energy of the system.
It consists of twe parts, namely that due to the actual motion of bodies
whether visible {ordinary motion) or too small to be scen (heat), and
that due to the fact that the bodies may acquire more motion if their
mutus! repulsion or attraction is allowed to do work on them. These
ave called kinetic and potential energy. . For example, a falling homh
has kinetic energy depending on its actual speed, and potential energy
due both to its height abave the earth, which enables it to gain more
$pecd, and to the fact that when it explodes the atoms in its charge of
explosives will re-arrange themselves, and thus put its parts into violent
motion. ‘The kinetic energy of a moving body is proportional to its
mass and the square of its velocity.

" Besides this the amount of momentum in the system remains constant.
Momentum is proportional to mass multiplied by velocity, and has a
dircetion, which must be specilied before it is measured. Thus if a
one-ton lorry moving south at 20 ne.p.h. has - 20 units of momentum,
2 similar lorry moving north at the same speed has —20 units, whereas
energy is essentially positive, and two energies cannot cancel out.
If the lorries collide they come to rest, and the total momentum is zero
as before. But their energy is mostly eonverted into heat and sound.
Momentum must be measured in three directions at right-angles.
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or 'd pulls ” of resting bodies, and their measure the
g:; uct of the mass and the velocity with which the
y would move if it were to pass from a state of rest

to one of motion. On the other hand, he put forward:

:}sl the measure of vis viva, of the real motion of a body,
e product of the mass and the square of the velocity’

This new measure of motion: i
1 h i1 :
the law of falling, L orved direetly from

o R . , :
‘oo '{-‘h.e san'i)e foree is required,” so Leibniz concluded
- r_ai:,else % do_dy' of four pounds in weight one foot a}:
b0 dist:nec; ¥y of one pound in weight four feet ; but
! s are proportional to the square Tt
velocity, for when a body has fallen ?f'our f::)et hli

?

?(;c‘i)::,ms Ii{:wwe the veIo_city reached on falling only one
poot. o:svever, ‘bodies on falling acquire the. force
o TS g to the same height as that from which they
e t’h efn]:e the ,forces arc proportional to the square
_ the velocity.” (Suter, Geschichte der Mathematik
[History of Mathematics), 11, p. 867.) R

Blitt }‘le showed .fu{fther that the measure of motion
my s in contradiction to the Cartesian law of the
‘constancy of thc.e.quantity of motion, for if it was really

‘e.g-south, east, and up.. Ifso : i :
0 1 up. momentum in i ion i

thaBt e;f dtéas stz;)f remains constant in'the systemefxg};d‘:vfgltéon = conserved,
which magy bx:,rznoméan‘; of momentum, also called angular moment .
T measure%ar be a3 a measure of spin, is conserved. This a l::?' ’
another, T i‘: 3;111:: i:;ei in tl’(xiree Hirections at right-angles to-gnn:
ey s I erned with angular momentum ‘in this

Now i . -
- mnaﬁemx;es v:;q?gmsgd t_he law of the conservation of momentun
In cert otent'ai i e‘Lea_bmz saw that in the absence of fricti “h]

m of J?iz’s n:easand kx;ulactlc energies remained eonstant tion the

ure of kinetic ene was mp? nti i .

?fitl)}iidvi:c}zw” ;)‘ l%aendflge Kraft ” o:g?:live fo:e;:?’ qgl?li;:]q‘;wmc}ll o
o viva nojtrhi ;lg];Sh grlte_rs, and will be so translated heref;'s I:ahl::
creatures’which hg 0 do with the so-called * vital force ” in lvine

e tures ,seven as never beqn observed, much less measured ing
only ehermy eanqlz:antxtles which remain constant in a moving: syste: :
i A A F? regl:rded 4s a measure of motion, not onl i%r tr}?’
Tensons given | Yy lmnge , but because.the other six have direct?ons 'mc{i

y known when the directions are known. Wﬁere’a‘t; a

measure is directionless; as fi 3
B foot o v directior 3 or example a foot northwards is equal to
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valid the force (i.e. the quantity of motion) in nature
would continually increase or diminish. He even

"devised an apparatus (1690, Acta Eruditorum) which,
if the measure my were correct, would be bound to act as

a perpetuum mobile with continual gain of force, which,
however, would be absurd. Recently, Helmholtz has-

_again frequently employed this kind of argument.

The Cartesians protested with might and main and
there developed a famous controversy lasting many
years, in which Kant also participated in his very first
work (Gedanken von der wahren Schitzung der lebendigen
Kraﬁé [Thoughts on the True Estimation of Live Forces),
1746), without, however, seeing clearly into the matter.
Mathematicians to-day look down with a certain amount
of scorn on this “ barren 7 controversy which dragged
out for more than forty years and divided the mathe-
maticians of Europe into two hostile camps, until at
last d’Alembert by his Traité de dynamique (1748), as it
were by a final verdict, put an end to the useless verbal

dispute, for it was nothing else.” (Suter, ibid., p. 866.)

It would, however, seem that a controversy could not
rest entirely on a useless verbal dispute when it had been
initiated by a Leibniz against a Descartes, and had
occupied a man like Kant to such an extent that he
devoted to it his first work, a fairly large volume, And
in point of fact, how is it to be understood that motion
has two contradictory measures, that on one oceasion
it is proportional to the velocity, and on another to
the square of the veloeity ? Suter makes it very easy for
‘himself; he says both sides were right and both were
wrong; °* nevertheless, the ‘expression ‘vis viva’ has
endured up to the present day; only i no longer serves
as the measure of force, but is merely a term that was
once adopted for the product of the mass and half the
“square of the velocity, a product so full of significance
in mechanics.” Hence, mov.- remains the measure of
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motion, and vis viva is only another expression fm; mo?
concerl}lng which formula we learn indeed that it iq') {
great significance for mechanies, but now most cert : ;)
do.Ln%t know what significance it has. : o
et -us, however, take up the -ation-bringi
z‘mzte de dynamique and look mI())re clos:?;;igﬁlfgﬁfsﬁg
final ve;‘dict " it is' to be found in the prefacé' Il:
the text, it says, the whole question does not ;)ccu'r on
act'zour}t of linmutilité parfaite dont elle est pour’ la
mecanigue.l  This is quite correct for purely mathe-
matical mechahics, in which, as in the cas.e of Suter
abov:e, words used as designations are only other ex-
pressmn.s, or names, for algebraic formula 'nameé' in
cTonnectmn wiFh which it is best not to tfsxink at éll
i1:\heverl:heless, since such important people have concerned.
v famseh_ves with the_matter, he desires to examine it
: I11'16.:ﬁy in the preface. . Clearness of thought demangs
at by t.he force of moving bodies one should understar d
:}r:gn theﬁ* property of: overcoming obstaecles or resistiz g
the b.‘ mv;:n;e,t force is to be measured neither by aip
they gffer. » but solely by the obstacles and the resistance
Il\t?w, there are, he says, three kinds of obstacies:
(1) 'msuperablel obstacles which totally destroy the
motion, and for that very reason cannot be takeg into
account here; (2) obstacles whose resistance suffices t
arrest the _mot-ion and to do so mstantaneously : thg
case of equilibrium ; (3) obstacles which only ra(iuall
arrest the motion : the case of retarded motiong Y

[T}
deusz cf?;: le mOI:idE; convient qu'il v a équilibre entre
» quand les produits de leurs
. : masses par
;evtrg's 12 :étfss?ls V}ftuelles, c’est 4 dire par les VitesI;es
- ueiles 1ls tendent 3 se mouvoi (e

T es Us. nQuvolr, sont €gaux

~ de part et d’autre. Donc dans I'équilibre le pr_ogduit

1 .
Its absolute uselessness for mechanics.
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de la masse par la vitesse, ou, ce qui est la méme chose, -
la quantité de mouvement, peut.représenter la force.-
Tout le monde convient aussi que dans le mouvement
retardé, le nombre des obstacles vaincus est comme le
carré de la vitesse, en sorte qu'un corps qui a fermé.
un ressort, par exemple, avec une certaine vitesse,
pourra, avec une vitesse double, fermer ou tout a la
“fois, ou successivement, non pas deux, mais quatre
ressorts semblables au premier, neuf avee une vitesse
triple, et ainsi du reste. D’ou les partisans des
forces vives [the Leibnizians] concluent que la force
_des corps qui se meuvent actuellement, cst en général
"comme le produit de la masse par le carré de la vitesse.
Au fond, quel inconvénient pourrait-il y avoir, a ce
que la mesure des forces fat différente dans I'équilibre
et dans le mouvement retardé, puisque, si on veut ne

__raisonner gue d’aprés des idées claires, on doit n'enten-

.dre par le mot force que Peffet produit en surmontant
I’obstacle ou en lui résistant ?°*  (Preface, pp. 19-20,
of the original edition.) !

D’ Alemnbert, however, is far too much of a philosopher
not to realise that the contradiction of a twofold measure
of one and the same force is not to be got over so easily..
Therefore, after repeating what is basically only the
same thing as Leibniz -had alrcady said-—for his

‘équilibre is precisely the same thing as the ™ dead

1« Eyveryone will agree that o bodies are in equilibrium when the
produets of their masses und virtual velocities, thut is to say the veloci-
ties with which they tend to move, are equul for cach body.  Henee, in
equilibrium the product of the mass and the velocity, or, what is the
same thing. the quantity of motion, can represent the force. Every-
one will agree also that in retarded motion the number of obstacles
overcome is as the square of the velocity, such that, for instance, a
body which has compressed a spring, with a certain veloeity, could,
with twice the velocity, compress simultancously or successively not
two, but four, springs similar to the first, or nine with triple the velocity,
and so en. Whence the partisans of vis viva (the Leibnizians) conclude
that the force of bodies actually in motion is in general the product of
the  mass and the square of the velocity. Basically, what incon-
venience could. there be in forces being meusured differently in equili-
brium and in retarded motion since, if one wants to use only clear views
in reasoning. one should understand by the word force only the effect
produced in surmounting the obstacle ot resisting it ? 7 '
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pressure ** of Leibniz~he suddenly goes over to the side

of the Cartesians and' finds the following expedient : -

the product mv can serve as a measure of force, even
in the case of delayed motion, - R

** si dans ce dernier cas on mesure la force, non par la
quantité absolue des obstacles, mais parla somme des
résistances’ de ces mémes obstacles.  Car .on ne
saurait- douter que cette somme des résistances ne
soit proportionelle 3 la quantité du mouvement my,
puisque, de I'aveu de tout le monde, la quantité du
mouvement que le corps perd ‘& chaque instant, est
proportionelle au produit de la résistance par la durée
infiniment petite de I'instant, et que la somme de ces
produits est evidemment la résistance totale.””1 o

This latter mode of calculation seems to him the more
natural one, “ car un obstacle n’est tel quen tant qu’il
résiste ¢t c’est, 4 proprement parler, la somme des
résistances qui est l'obstacle vaineu; d’ailleurs, en
estimant ainsi la foree, on a Favantage d’avoir pour

. Péquilibre et pour le mouvement retardé une mesure

commune.” 2 8till, everyone can take that as he likes.
And so, believing he has solved the question, by
what, as Suter himself acknowledges, is a mathematical
blunder, he concludes with unkind remarks on the
confusion reigning among his predecessors, and asserts
that after the above remarks there is possible- only a-

* *If in this last case the force is measured, not by the absolute
quantity of obstucles, but by the sum’ of the resistances of these same
obstacles.  For it could not be doubted: that this sum of the resistances
would be proportional to the quantity of motion (m}), since, by general
agreement, the guantity of motion lost by the body at each instant is
proportional to the product of the resistance and the infinitely smalf
duration of the instant, and the sum of these products evidently makes
up the total resistance.” .

# * For an obstacle is only such in us much as it offers resistance, and,
properly speaking, it is the sum of the resistances that constitutes the
nbstacle overcome ; morcover, in estimating the force in this way, ohe
has the advantage of huving a common measure for the equilibrium and
for the retarded motion,” R : .
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very futile metaphysical discussion or a still more

_discreditable purely verbal dispute. :

D’Alembert’s proposal for reaching a reconciliation
amounts to the following caleulation : L
A mass 1, with velocity 1, compresses 1 spring in uhit
time. _ . _ bt
A mass 1, with velocity 2, compresses 4 springs, bu

requires two units of time; d.e. only 2 springs per unit
-of time.- :

A mass 1, with velocity 3, compresses 9 springs in
three units of time, i.e. only 3 springs per unit of

_time. : ' _
" Hence if we divide the effect by the time required for

it, we again come from muv? to mo. . ‘ _
This is the same argument _that Catelalca_xfl particular
had already employed against L.eibniz,; 1.1: is true 'thaif
a body with velocity 2 rises agam%;t grav'lty four tlm}flrs_
as high as one with velocity 1, but it requires d(?ubl.e the
time for it; consequently the quantity of motlon.must
be divided by the time, and ==2, not.m_wi-.' Curlo}zsly
enough, this is also Suter’s view, wh.o indeed (_1epr1veg
the expression * vis viva ” of all logical meaning an

left it only a mathematical one. But this is natural.

For Suter it is a question of saving the formu}a mz;
in its significance as sole measure of the gl_iantxty o
motion ; hence logically mo? is sacrificed in orde:r~to
arise again transfigured in the heaven of maithematlc.s.
However, this much is correct : Catelan.s arglgment
provides one of the bridges connecting mv with mv?, and
;0 1s of importance. ‘
'ho'i‘bhzfr}neghanicians subsequent to d’Alembert by 119
means accepted his verdiet, for his final VF:rdlct was
indeed in favour of mv as the measure o‘f ;.n_otx.on. Tbey
adhered ‘to his expression of the distlnct%on whlc.}f
Leibniz had already made between dea,c% and hv;a .forces?{i _
me is valid for equilibrium, i.e. for staties ; mo? is vali
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for motion against resistance, i.e. for dynamics. Al-
though on the whole correct, the distinction in this form
has, however, logically no more meaning than the
farnous pronouncement of the junior officer: on duty
always ““ to me,” off duty always ** me.” It is accepted

tacitly, it just exists. We cannot alter it, and if a

contradiction lurks ih this double measure, how can we
help it ? '

Thus, for instance, Thomson and Tait say (4 Treatise
on Natural Philosophy, Oxford, 1867, p. 162);: * The
quantity of motion or the momentum of a rigid body
moving without rotation is proportional to its mass
and velocity conjointly. Double mass or double
velocity would correspond to double quantity of
motion.”  Andimmediately below that they say : “ The
vis viva or kinetic energy of a moving body is pro-
portional to the - mass and the square of the velogity
conjointly.” 1
- The two contradictory measures of motion are put
side by side in this very glaring form.  Not so much as
the slightest attempt is made to explain the contra-
diction, or even to disguise it. In the hook by thesce

~two Scotsmen, thinking is forbidden, only calculation
is permitted. No wonder that” at least one of them,
Tait, is accounted one of the most pious Christians of
pious Scotland.

In Kirchholl’s Iorlesungen itber muthematische Me-
chanik [Lectures on Mathematical ch’cham'cs]' the
formulze me and mv? do not occur at all in this form.

Perhaps Helmholtz will aid us. In his Erhaltung der
Kraft [Conservation. of Force] he proposcs to express

o :
. my? . . :
vis virg by - g™ & point to which we shall return later,

Then, on page 20 et seq., he cnumerates briefly the

cases In which so far the principle of the conservation of

© 1-See Appendix IT, p. 382,
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vis viva (hence of —2) has been recogmsed and made

use of. Includedl therein under No. 2 is

“the #ransference of motion by mcompresuble
solid and fluid bodies, in so far as friction or impact
of inelastic materials does not occur. For these
cases our general principle is usually expressed in the
rule that motion propagated and altered by mechanical -
powers always decreases in intensity of force in the
same proportlon as it increases In veloecity., If,
_ therefore, we imagine a weight m being raised with
velocity ¢ by a machine in which a force for per-
forming work is produced uniformly. by some process
_or other, then with a different mechanieal arrange-
ment the weight nm could be raised, but only with
- velocity ¢/n, so that in both cases the quantity of
.. tensile force produced by. the machine in unit time
- is represented by mge, where g is the mtensn:y of the
- gravitational force.”

- 'Thus, here too we have the contradiction that an
! intensity of force,” which decreases and increases in

simple proportion to the velocity, has to serve as proof
for the conservation of an intensity of force which
-decreases and increases in pr oportzon to the square of the

relocity.
-In any case, it becomes evident here that me and my?
serve to determine two quite distinet processes, but we

,:cértainly.knew long ago that mov? cannot equal muv,
-unless v=1. What has to be done is to make it com-
- prehensible why motion should have a twofold measure,

a thing which 'is surcly just as unpermissible in natural
science as in commerce. Lct us, therefore, attempt this
in another way., Co

By my, then, one measures © 8 motion propagated

and altered by mechanical powers ” ; henee this measure
holds good for the lever and all its derivatives, for
‘wheels, serews, etc., in short, for all machiner;i for the



66 IMALECTICS OF NATURE -

_transference of motion. But from a very simple and by
no means new consideration it becomes evident that in
so far as mov applies here, so also does muv2. Let us
take any mechanical contrivance in which the sums of
the lever-arms on the two sides are related to each.other
as 4 : 1, in which, therefore, a weight of 1 kg. holds a

weight of 4 kg. in equilibrium. Hence, by a quite

insignificant additional force on one arm of the lever
we can raise 1 kg. by 20 m.; the same additional
force, when applied to the other arm of the lever, raises
4 kg. a distance of 5 m., and the preponderating weight
sinks in the same time that the other weight requires
for rising. Mass and velocity are inversely proportional
to one another; mv, 1 X20=m'v’, 4 x5.. On the other
hand, if we let each of the wéights, after it has been
raised, fall freely to the original level, then the one, 1 kg.,
after falling a distance of 20 m. (thc acceleration due to
gravity is put in round figures =10 m, instead of 9,81 m.),

attains a veloeity of 20 m. : the other, 4 kg., after falling

a distance of 5 m., attains a velocity of 10 m.
mu2=1 X 20 X 20 =400 =m'v'2 =4 X 10 X 10 =400,

On the other hand the times of fall are different :
the 4 kg. traverse their 5 m. in 1 sccond, the 1 kg.
traverses its 20 m. in 2 scconds. Frietion and air
. resistance are, of course, neglected here:

But after each of the two bodies has fallen fromrits_

height, its motion ceases. Therefore, mv appears here
as the measure of simple transferred,- hence  lasting,
mechanical motion, and mv? as the measure of the
vanished mechanical motion. ' .
Further, the same thing applies to the impact of
perfectly elastic bodies : the sum of both mv and of mo?
is unaltered before and after impact. - Both measures
have the same validity. : I
~ This is not the case on impact of inelastic bodics.
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re, too, the current elementary textbooks (higher
echanics is hardly concerned at all with such trifles)
ch that before and after impact the sum of mv
.mains the same, On the other hand a loss of vis viva
urs, for if the sum of mo? after impact is subtracted
om the sum of mu? before impact, there is under all
ircumstances a positive remainder. By this amount
or. the half of it, according to the notation adopted)
he vis vive is diminished owing both to the mutual
enetration and to the change of form of the colliding.
odies. - The latter is now clear and obvious, but not so
he first assertion that the sum of mv remains the same
ore and after impact. In spite of Suter, vis viva is
otion, and if a part of it is lost, motion is lost. ~ Conse-
‘quently, either mv here incorrectly expresses the
juantity of motion, or the above assertion is untrue.
n general the whole theorem has been handed down
rom a period when there was as yet no inkling of the
ransformation of motion; when, therefore, a dis-
ppearance of mechanical motion was .only "conceded
vhere there was no other way out. Thus, the equality
ere of the sum of mv before and after impact was
aken as proved by the fact that no loss or gain of this
m had been introduced. If, however, the bodies lose vis
fve in internal friction corresponding to their in-
lasticity, they .also lose velocity, and the sum of mv
fter impact must be smaller than before.l For it is
surely not possible to neglect the internal friction in
alculating mv, when it makes itself felt so clearly in
“calculating mv2. ‘ o
"But this does not matter, Even if we admit the
. theorem, and calculate the velocity after falling, on

the assumption that the sum of mv has remained the

, this decrease of the sum of mu? is still found.

same
“1 This is incorreet. Momentum Temains constant even in an in-
stic condition. ) .
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Here therefore, mo and mv? conflict, and they do so

by-the difference of the mechanical motion that has

actually disappeared. . Moreover, the calculation itself

shows that the sum of muv? expresses the quantity of

motion correctly, whlle the sum of mv expresses :t'

incorrectly.

Such are pretty nearly all the cases in which mu is’
employed in’ mechanics, Let. us now glance at some _3

cases in which mo? is employed

- When a cannon-ball i is fired, it uses up in its course an -
amount of motion that is proportionsal to mo2, ll"l‘eSPECtIVe '
of whether it encounters a solid target or comes to a
standstill owing to air resistance and gravitation, If a
railway train runs into a stationary one, the violence of -

the collision, and the corresponding destruction, is

proportlonal to its mu®.  Similarly, mo? serves wherever
it is necessary to calculate the mechanical force requu'ed :

for overcoming a resistance.

But what is the meaning of this convenient phrase, so -

current in mechanics : overcoming a résistance 2.

If we overcome the resistance’ of gravity by raising a
weight, there disappears a quantity of motion, a quantity .

of mechanical force, equal to that produced anew- by the.
direct or indirect fall of the raised weight from the
helght reached back to its original level. The quantity

is measured by half the product of the mass and the

22
final veloolty after. fthng, . What then occurred

on ralsmg the Welght ? Mechamca.l ‘motion, or force,
disappeared as such. But it has not been annihilated ;'
it has been converted into mechanical force of-tension,

to use Helmholtz’s expression; into potential energy,
as the moderns say ; into ergal as Clausius calls it ; and -

this can at any moment, by any mechanically appro-
priate means, be reconverted into the same quantity of
mechanical motion as was necessary to produce it.”
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he potential energy is only the negative expression of

1e vis viva and vice versa.
* A'24-1b, cannon-ball moving with a velocity of 400 m.

er second strikes the one-metre thick armour-plating

‘of a warship and under these conditions has apparently

no effect on the armour, Consequently an amount of -
: 2

- mo? .
'mechamoal motion- has vanished. equal to ~yy Ll

ince 24 1bs.=12 kg.) =12 X400 X400 X } =960,000

ilogram-metres. What has become of it ? A small

ortion has been expended in the concussion and mole-
ular alteration of the armour-plate. A second portion
goes in- smashing the cannon-ball into innumerable
fragments. But the greater part has been converted
into heat and raises the temperature of the cannon-
ball to red heat. When the Prussians, in passing over
to Alsen in 1864, brought their heavy batteries into
play against the armoured sides of the Rolf Krake, after
each hit they saw in the darkness the flare produced
by the suddenly glowing shot. Even earlier, Whitworth
had proved by experiment that explosive shells need
no detonator when -used against armoured warships ;
the glowing metal itself ignites the charge. Taking the
mechanical equivalent of the unit of heat as 424 kilo-
gram-metres, the quantity of heat corresponding to the
abové-mentioned amount of mechanical motion is
2,264 units. The specific heat of iron=0-1140; that is
to say, the amount of heat that raises the temperature
of 1 kg. of water by 1° C. (whloh serves as the unit of

- heat) suffices to raise the temperature of El%li—)z 8-772kg.

of “iron by 1° C. Therefore the 2,264 heat-units
mentioned above raise the temperature of 1 kg.
of: iron by 8772 % 2,264 =19,860° C.: or 19,860 kg. of
iron by 1°C. Since this quantity of heat is distributed
uniformly in the armour and the shot, the latter has its
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119,860°
_ 2x12
qul.te_ a good glowing heat. But since the. foremost
striking end of the shot receives at any rate by far 'th(’z
greater part of the heat, certainly double that of the
rear half, the former would be raised to a temperature
of 1,104° C. and the latter to 552° (., which would fully
31.1fﬁce to explain the glowing effect even if we make a
blg- deduction for the actual mechanical work performed
on impact. - R ‘ : : .‘
Mechanical motion also disappears in friction, to re-
appear as heat; it is well known that, by the most
accura.?:e- possible measurement of the two processes
Joule in Manchester and Colding in Copenhagen W&I‘f’:
the first to make an approximate experiinental meaéure~
ment of the mechanical equivalent of heat. R :
- The same thing applies to the production of an electric
current in a magneto-electrical machine by means of
mechanical force, e.g. from a steam engine. The quantity
: o‘f : so-?alled electromotive foree ! produced in a given
: time is proportional to the quantity of mechanical
motion used up in the same period, being equa.i to it if
expressed in the same units. We can imagine this
quantity of mechanical motion being produced, not by.a
steain engine?—but by a weight falling in accordance with
| fche pressure of gravity. The mechanical force that this
is caPable of supplying is measured by the vis viva
tl-lat it would obtain on falling freely through the same
distance, or by the force required to raise it again to the:
wo? L 1 .
.- Hence we find that while it is frue that meckanical

temperature raised by -828°, amounting to

original height ; in both cases

" 1 The phrase *“ electromotive ”i
ve force ™ is now used in-a much strict
sense than 50 years ago. It is the guantity measured in volts. m%l?;

quentity equivalent to mechanical energy is of course electrical energry -

1l in kilowsy
easured in kilowatt-hours. These ternis were only exactly delined

ail aceurately nicasured after electrical energy beeame a conunodity, -
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ion has a two-fold measure, each of these measures
lds good for a very definitely demarcated series of
nomena. ' If already existing mechanical motion is
ansferred in such a way that it remains as mechanical -
ion, the transference takes place in proportion to
product of the mass and the velocity. .If, however,
“transferred in such a way that it disappears as
hanical motion in order to reappear in the form of
ential energy, heat; electricity, ete., in short, if it is
nverted into another form of motion, then the quantity
this new form of motion is proportional to the product
the originally moving mass and the square of the
Geity. * In short, mo is mechanical motion measured

S

g

mechanical motion; -5~ 18 mechanical motion

ieasured by its capacity’ to become converted into a .
efinite quantity of another form of motion. And, as
& have seen, these two measures, because different, do

6t ‘contradict one another.

"1t becomes clear from this that Leibniz’s quarrel with:
he:Cartesians was by no means a mere verbal dispute,
nd - that d’Alembert’s verdict in point of fact settled
othing at all. D’Alembert might have spared himself

his tirades on the unclearness of his predecessors, for

i was just as unclear as they were. In fact, as long
it'was not known what becomes of the apparently
Ginikilated mechanical’ motion, the absence of clarity
ias incvitable. And as long as mathematical mechani-
ians like Suter rémain obstinately shut in by the four
walls of their special science, they are bound to remain

“just® as unclear as &' Alembert and to put us off with
empty and contradictory phrases. :

But_ how does modern mechanics express this con-

‘_r“fe_i'sion of mechanical motion into another form of
notion, proporti_onal in quantity to the former ? It has

j)_:':_'ibrmt’d work, and indeed a definite amount of work.
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But this does not exhaust the concept of work in the

physical senseof the word. -If, as in a steam .or heat .

engine, heat is converted into mechanical motion, i.e,
molecular motion is converted into mass motion,  if
heat breaks up a chemical compound, if it becomes
converted into electricity in a thermopile; if an electric
current . sets free the elements of water from  dilute
sulphuric acid, or, conversely, if the motion (alias.
energy) produced in the chemical process of a current-,
producing cell takes the form of clectricity and. this in.
the circuit once more becomes converted. into heat—
in all these processes the form:of motion that initiates
the. process; and which is converted by it into another.
form, performs work, and indeed a quantity of work
corresponding to its own quantity. -
Work, therefore, is change of form of motion regarded
in its quantitative aspect, ' ' :
‘Buthowso? Ifaraised weight remains suspended and.
at rest, is its potential energy during the period of rest
also a form of motion ? Certainly.” Even Tait arrives
at the conviction that potential encrgy is subsequently
resolved into a form of actual motion ! (Nature, XIV,
p. 459). And, apart from that, Kirchhoff goes much
further in saying (Mathematical Mechanics, p. 32) “ Rest’
is a special case of motion,” and thus proves- that he
can not only caleulate but can also think dialectically.
Hence, by a consideration of the two measures of
mechanical motion, we arrive incidentally, easily, and
almost as a matter of course, at the ‘concept of work,
which was described to us as heing so difficult to com-.

prehend  without mathematical mechanics. = At any

rate, we now know more ahout it than from Helmholiz’s

* In Einstein’s general theory of relativity space-time is distorted
by a gravitational field, and therefore the relation between two bodies
separated by a gravitational field is of the same character as if they were
in relative motion. T¥n this sense potential energy may be said to he
-tesolved into metion, o : T .

THE MEASURE OF MOTION—WORK 73

cture On the Conservation of Force (1862), \Yh‘l&h v:ﬁz
intended precisely ‘“to make as clear as possible the
indamental physical concepts of work and thm‘r l'm;hat
:'i.i'i‘ty.”- ‘All that we learn there atbout work 13 : that
is something which is expressed in foot-ppun s or n
nits of heat, and that the number of the:se foot-pc.)un 'I
or iinits of heat is invariable for a definite qugnt;ty 0“
""'c"):rk; and, further, that besides mechanical (?rc]e{s
and-heat, chemical and electric forces can pe‘rform w ?r k
but that all these forces cxhaust their caps.:nc:ty for w ;2' .
in the measure that they actually result in work. . 1(;
learn also that it follows from this that the sum o ‘ag
ffeetive quantities of force in naturc as a wholetrexl?a:;lé
éférnally and invariably the same thrgughouf ar b
changes taking place in nature. The concept of wo re;
neither developed, nor even deﬁxlled.l And it 1S_t[1)1de
sely the quantitative invariability of t.h_e mafn; e
of -work which prevents him from reahsmg t ab
ualitative alteration, the change of form, 1s the , atm
condition for all physical work. And 50 Heim.ho‘ltﬁ car;
goiso far as to assert that © friction and lnela:stlc 1r;}pdcj
are processes in which mechanical w?rlc Es d;).s r(:vﬁ(r
and heat is produced instead.”  (Pop- Vortrdge [ o?;Iere
] 'écture.s-], II, p. 166.) Just the contraryt. e
mechanical work is not destroyed, h‘ere mec-hanlea W (;II-V
'pmjbrmed. It is meechanical mt?twn that 1s'appau-c}r;md[1
-d_é'stroyed. Rut mechanieal motion can never If)er_’ k
¢ven a millionth part of a kilogram-metre o "w;r .
without apparently heing destroxcd as suc}.l, withou
'bécoming converted into another i.orm of motion. .
~ But, as we have seen, the capacity for wivork- convhalzl ,
in a given quantity of mechanical motion IlS what i
1 We gét no further by consulting Clcrgfliax\;;:'l)l: :‘r{]{-?o]r{i:ttfsr 52;12
_{_?_-"ileory ?f He.a 't" M}E. o 1,001’1 * :Iaﬁlll‘fia?lnf),]iaez:;,, “p’.I‘he ehergy ofa body_is‘
nl},m(na;lt;:l’tt:]n;t(;rmd?u%ci:]nri\ PThat is wil that we learn aho_ut it.
'[.’_\'m'e by F. Engels.]

o*
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known as its vis viva, and until recently was measured
by mv2. And here a new coniradiction arose. et us
listen to Helmholtz (Conservation of Force, p. 9). '
We read there that the magnitude of work can be
expressed by a weight m being raised to a height &,
when, if the force of gravity is put as g, the magni-
tude of work=mgh. For the body m to rise freely

to the vertical height h, it requires a velocity v==/2gk,

_ and it attams the same veloeity on falhno Conse- -

H

quentiy, mgh = ——_; ar_ld Helmholtz proposes *“ to take

the ma.gnitud

it becomes identical with the measure of the magnitude
of work. From the viewpoint of how the concept of

©is viva has been applied hitherto . . . this change has no

ugmﬁcanm’. but it will offer essentlal advantages in the

future.”

It is scarcelv to be beheved In 1847, Helmholtz
was so little elear about the mutual relations of vis viva
and work, that he totally fails to notice how he trans-
forms the former proportional measure of vis vive into
its absolute measure, and remains quite unconscious
of the important dlscovery he has made by his audacious

2
handling, recommending his —»;— only because of- its

convenrence as compared with mo2! And it is as a
matter of convenience that mechanicians have adopted
mu?

---é-—--'» Only gradually was %}: also proi’ed mathemati-
cally.  Naumann (Allg. Chemie [General Chemistry], p. 7)
gives an algebraical  proof, * Clausius (Mechanische
Warmetheorie [The Mechanical Theory of Heat}, 2nd
edition, p, 18), an analytical one, which is then to be met
with in another form and a different method of deduction
in Kirchhoff (ibid., p. 27).

s viva, whereby -
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lerk Maxwell (ibid., p. 88)! gives an elegant alge-

L 2
braical proof of the deduction of ’%TL from mwv. - This

oes not prevent our two Scotsmen, Thomson and Tait,
m. asserting (zfnd p. 163).: * The vis viva or kinetie

ﬁnergy of a moving body is proportional to the mass

d the square of the velocity conjointly. If we adopt

the same units of mass as above (namely, unit of mass

10ving with unit velocity) there is a particular advantage
defining kinctic cnergy as half the product of the
1ass and the square of the veloeity.” Here, therefore,
e find that not only the ability to think, but also to
alculate, has come to a standstill in the two foremost
echanicians of Scotland. The particular advantage,
he convenience of the formula, accomplishes cv erythmg '
n the most beautiful fashion. '
‘or us, who have scen that vis vive is nothing h-ut the
apacity of a given’ quantity of mcchanical motion to
erform work, it is obvious on the face of it that the
xpression in mechanical terms of this capacity for work
nd the work actually performied by the latter must

@

. p?
¢ cqual to cach other; and that, consequently, i —; -

easures the work, 'the wois wive must likewise he
g .2, .

ieasured by —

‘heoretical mechanies arrives at the coneept of vis viva,
‘the practical mechanies of the engincer arrives at the

But that 15 what happens in scienec.

“concept of work and forces it on the theorcticians.?
And, immersed in their ('d!(‘ll!dtlon‘,, the theoretictans

ave heeome so unaccustomed to thinking that for years

+ Nee Appendix 1L p. 332,

-2 "Phe term vis vitd, measurul b et has now cnmpk tely dis- -
ppeare <1 fromi theoretical mechanies, us Engels thought that it should.
Fo-day Inost people can think in ferms of energy, not becuuse of any
heoretical advances, but because it is o (nmnmfhl\ We buy it i

“Thevms, calories, kiliwatt-hours, and other messares; aned are Huuluu

urud to Ehink about it in @ conerele manner.
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they fail to recognise the connection between the two

concepts, measuring one of them by me?, the other by -

mu2, . .l :
3" and finally accepting 5 for bqth, not from compre-

hension, but for the sake of simplicity of caleulation ! 1

1 N . . . ’
The word “ work ” and the corresponding idea is derived from

English engincers. But in English practieal work i - g,
while work in the economic sense is c);lled " ]abo?.lr.”ls f-?::lﬁzccl: [)I‘:O;ii;;l
work also is termed ** work,” thereby exeluding all confu.:;ionywith
work in the economic sense. “This is not the case in Gérman ; therefore
it has been possible in recent pscudo-scientific literature to make
various peculiar applications of work in the physical sense to economic
conditions of labour and vice verse.  But we have also the word  Werk

which, like the ¥nglish word * work,” is excellently adapted for .

signifying physical work. Economics, howev i ¢

B s ever, being a sphere far too
!'fmote.fmm our nalural scientists, they will scar,ce] y de(rideI to introduce
1‘ tcz replace the word Arbeit, which has alreadv- obtained general
currency—unless, perhaps, when it is too late. Only Clausius* has

mude the attempt to retain the expression “ Werk,” ut least alongside

the expression ' Arbeit””  [Note by ¥, Engels.]
* See Appendix 1T, p. 953, .

HEAT

As we have seen, there are two forms in: which
mechanical motion, vis viva, disappears. The first is
its  conversion into mechanical potential energy, for
instance on lifting a weight. This form has the peeu-
_1__iaritY’ that not only can it be re-transformed into
methanical motion—this mechanical motion, moreover,
having the same vis viva as the original one—but also
that it is capable only of this change of form.. Mechani-
cal potential energy can never produce heat or electricity,
unless it has been converted first into real mechanical
motion. To use Clausius’ term, it is a reversible
process.” - :

The second form in which mechanical motion dis-

" appears.is in friction and impact—which differ only in

degree. Friction can be conceived as a series of small
impacts occurring successively and side by side, impact
as friction concentrated at one spot and in a single
moment of time. Friction is chronie impact, impact is
acute friction. The mechanical motion that disappears
here, disappears altogether as such. It can never be
Testored immediately out of itself. The process is not

"~ directly reversible. The motion has been transformed
“into qualitatively different forms of motion, into heat,
. electricity—into forms of molecular motion.

: i Hence, friction and impact lead from the motion of

- masses, the subject matter of mechanics, to molecular
“'motion, the subject matter of physics. -

_. In calling physies the mechanies of molecular motion,

“it has not been overlooked that this expression by no

-~
[
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means covers the entire field of contemporary physics,
On the contrary. Ether vibrations, which are responsible
for the phenomena of light and radiant heat, are certainly
not molecular motions in the modern sense of the word.
But their terrestrial actions concern molecules first and
foremost : refraction of light, polarisation of light, ete.,

are determined by the molecular constitution of the

bodies concerned. Similarly almost all the most im-
portant scientists now ! repard electricity as a motion
of ether particles, and Clausius even says of heat 2
that in ** the movement of ponderable atoms (it would
be better to say molecules) . .
body can also participate (Mechanische Wirmetheorie
[Mechanical Theory of Heat] T, p. 22)3. But in the
phenomena of eleetricity and heat, once again it is
primarily molecular motions that have to be considered :
it could not be otherwise, so long as our knowledge of
the ether is so small. But when we have got so far as

to be able to present the mechanies of the cther, this.

subjeet will include a great deal that is now of necessity
allocated to physies.t ‘
The physical processes in which the strueture «f the mole-
cufe is altered, or even destroyved, will be dealt with later
-on: they form the transition from physies to chemistry.
Only with molecular motion does the change of form
of motion acquire complcte freedom. Whereas, at the:
houndary of mechanies the motion of masses can assume

1 At this time the ideas of Furaday and Maxwell were dominant,
and physicists tended to regard clectricity as primarily located in the
field bhetween charged bodies. . .

* A body at any temperature is in equilibrium with a certain density
of radintion, though very little of the energy in 2 given volume is
**in the cther,” i.e. in the form of radiation, at ordinary temperatures.

3 See Appendix II, pp. 833-4. ‘ .

-4 This has certainly been verified in the sense that for modern
physics the properties of particles can be regarded as essentially re-
puisions and attractions in the space around them, which is also full of
radiation., On the other hand, the idea of the ether has proved so fnll
of internal contradictions that the word is now little used.

. the ether within the-
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only a few other forms—heat or electricity—here, a
quite different and more lively capacity for change of
form is to be seen. Heat passes into electricity in the
'tfx_ermopile, it becomes identical ! with light at a-cert‘ain
tage of radiation, and in its turn reproduces mechamfzal
notion. Electricity and magnetism, a twin pair like
heat and light, not only become transformed into each
other, but also into heat and light as well as mechanical
‘motion. And this takes place in such definite measure
lations that a given quantity of any one of these forms
of energy can be expressed in any other—in kﬂogra_m-
1etres, in heat units, in volts,? and similarly any unit of
‘measurement can be translated into any other. '

"The practical discovery of the conversion of niechanical
_motion into heat is so very ancient that it can be taken as
'f dating from the beginning of human history.? Whatever
discoveries, in the way of tools and domestication of
‘animals,* may have preceded it, the making of fire
by friction was the first instance of men pressing a non-
living force of nature into their service. Popular
superstitions to-day still show how greatly the almost

itself on the mind of mankind. Long after the 'int_ro-
duction of the use of bronze and iron the discovery of
‘the stone knife, the first tool, coritinued to be celebrated,
all religious sacrifices being performed with stone knives.
According to the Jewish legend, Joshua decreed that

men born in the wilderness should be circumcised with

1 As we saﬁ‘, some of the heat in a hot body takes the form of radia-
tion. When the body gets red hot this becomes partially visible (.
light). ]

K 'Z)[‘his is; of course, a2 mistake. The volt is not an energy unit, as
Engels would soon have known had he ever had te pay an electricity
bill! . ) ]

e Even Sinanthropus, a type of man very different physically from

.t‘ ) . -
. The use of fire immensely preceded domestivation.

-immeasurable import of this gigantie advance impressed.

ourselves, possessed fire, though of course we do not know how he made
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stone knives ; the Celts and Germans used stone knives

exclusively in their human sacrifices. But all this long
ago passed into oblivion. It was different with the
making of fire by friction. Long after other methods
of producing fire had become known, -every sacred
fire among the majority of peoples had to be obtained
by friction. But even to-day, popular superstition in
the majority of the JEuropean countries insists that

fire with miraculous powers {e.g. our German bonfire

against epidemies) may be lighted only by means of

friction. Thus, down to our own day, the grateful

memory of the first great victory of mankind over nature
- lives on—half unconsciously—in popular superstition,
in the relics of heathen-mythological recollections, among
the most educated peoples in the world.

However, the process of making fire by friction is still

one-sided.” By it mechanical motion is converted into

heat. To complete the process, it must be reversed ;
heat must be converted into mechanical motion. - Only-
in that case is justice done to the dialecties of the process,
the cycle of the process being completed—for the first
stage, at least. But history has its own pacé, and how-

ever dialectical ifs course may be in the last analysib,' '

dialectics has often to wait for history a fairly long time.
Many thousands of years must have elapsed between the
discovery of fire by friction and the time when Hero of
Alexandria {ca. 120 B.C.) invented a machine which was
set in rotary motion by the stear issuing from it. And
almost another two thousand years elapsed before the
first steam engine was built, the first apparatus for
the conversion of heat into really useable. mechanical
motion.

The steam engine was the first really international_'

invention, and this fact, in turn, testifies to a mighty
historical advance,  The ¥renchmai,. Papin, invented -
the first steam engine, and he invented it in Germany.
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It was the German, Leibniz, scattering around him, as
always, brilliant ideas, without caring whether the merit
for them would be awarded to him or someone else,
who, as we know now from Papin’s correspondence
(published by Gerland), gave him the main idea of the
machine : the employment of a cylinder and piston.
Soon after that, the Englishmen, Savery and Newcomen,
invented similar machines ; finally, their fellow-country-
man, Watt, by introducing a separate condenser,
brought the steam engine in pr1nc1ple up to the level of
to-day.! The cycle of inventions in this sphere was
completed ; the conversion of heat into mechanical
motion was achieved. What came afterwards were
improvements in details.

Practice, therefore, solved after its own fashion the
problem of the relations between mechanical motion and
heat. It had, to begin with, converted the first into the
second, and then it converted the second into the first.
But how did matters stand in regard to theory ?

The situation was pitiable enough. Although it was
just in the seventeenth and cighteenth centuries that
innumerable accounts of travel appeared, teeming with
descriptions of savages who knew no way of producing
fire other than by friction, yet physicists were almost
uninterested in it ; they were equally indifferent to the
steam engine during the whole of the eighteenth century
and the first decades of the nineteenth. For the most
part they were satistied simply to record the facts.

Finally, in the ‘twenties, Sadi Carnot took the matter
in hand, and indeed so very skilfully that his best
calculations, afterwards presented by Clapeyron in
geometrical form, have been accepted up to the present
day by Clausius and Clerk Maxwell. - Sadi Carnot almost
got to the bottom of the question. It was not the lack
of factual data that prevented him from completely

"1 The turbine was of course only introduced in 1884.
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solving it, but solely a preconceived Jalse theory.

Moreover, this false theory was not one which had been .

forced upon physicists by some variety of malicious
philosophy, but was a theory contrived by the physicists
themselves, by means of their own naturalistic mode of
thought, so very superior to the metaphysical—philosd-
phieal method. '

In the seventeenth century heat was regarded, at any
rate in England, as a property of bodies, as *“ a motion of 2
particular kind, the nature of which has ﬁever been
explained in a satisfactory manner.”” This is what Th.

Thomson called it, two years before the discovery of .

the mechanical theory of heat (Outline of the Sciences
of Heat and Electricity, 2nd edition, London, 1840),
~ But in the eighteenth century the view came more and
more to the fore that heat, as also light, eléctricity, and
magnetism, is a special substance, and that all these
" peculiar substances differ from ordinary matter in
having no weight, in being imponderable, -

VI |
ELECTRICITY!

. ELecTrICITY, like heat, only in a different way, has aiso

a certain omnipresent character. Hardly any change
can occur in the world without it being possible to
demonstrate the presence of electrical phenomena. If

' water evaporates, if a flame burns, if two different

metals, or two metals. of different temperature, touch,
or if iron touches a solution of copper sulphate, and so on,

" electrical processes take place simultaneously with the

more apparent physical and chemical phenomena. = The
more exactly we investigate natural processes  of the
most diverse nature, the more do we find evidence of
electricity. In spite of its ommipresence, in spite of
the fact that for half a. century electricity has become
more and more pressed into the industrial service of
mankind, it remains precisely that form of motion the
nature of which is still enveloped in the greatest
obscurity. .

The discovery of the galvanie current is approximately
25 years younger than that of oxygen and is at least as
significant for the theory of electricity as the latter
discovery was for chemistry. Yet what a difference
obtains even to-day between the two fields! ‘In
chemistry, thanks -especially to Dalton’s discovery of

1 For the fuctual material in this chapter ‘We rely mainly on
Wiedemann's Lehre vom Galvanismus und Elekiromagnetismus [Theory
of Galvanismm and Electro-Magnetism], 2 vols. in- 3 parts, 2nd edition, .
Braunschiweig, 1874, :

In Nature, June 15, 1882, there is a reference to this ** admirable
treatise, which in its forthcoming shape, with electrostatics added, will
be the greatest experimental treatise on electricity in existence.”

| Note by F. Engels.]
33



84 DIALECTICS OF NATURFE

atomic weights, there is order, relative certainty about.

what has been achieved, and systematic, almost planned
attack on the territory still unconquered, compa,rabl(:
to the regular siege of a fortress. In the theory of
el_ectr.icity there is a barren lumber of ancient, doubtful
experiments, neither definitely confirmed nor deﬁnitély

reflfted; an unecertain fumbling in the dark, unco-
ordinated research and experiment on the part “of

numerous isolated individuals, who attack the unknown
territory with their scattered forces like the attack of a
swarm of nomadic horsemen. It must be admitted

indeed, that in the sphere of electricity a diseovery likc,:-
that of Dalton, giving the whole science a central point

and a firm basis for research, is still to seck.! It is

essc::ntially this unsettled state of the theory of electricity
which for the time being makes it impossible to establis};
a comprehensive theory, that is responsible for the fact
that a _one-sided empiricism prevails in this sphere
an empiricism which as far as possible itself forbids:
thought, and which precisely for that reason not only

thinks incorrectly but also is incapable of faithfully -

pursuing_-the facts or even of reporting them faithfully,
and which, therefore, becomes transformed into the

-opposite of true empiricism. :

It il:l general those natural scientists, who cannot say
anything bad enough of the crazy a priori speculations
of the German philosophy of nature, are to be recom-
menfi(.ad to read the theoretico-physical works of the
empirical school, not only of the contemporary but
even 'of a much later period, this holds good quite
especially for the theory of electricity. Let us take g
work of the year 1840: An Outline of the Sciences of
Heat and Electricity, by Thomas Thomson. OId Thomson

was indeed an authority in his day; moreover he had

already at his disposal a very considerable. part of
1 i I |
The central discovery was J..JJ. Thomson's discovery of the electron

ELECTRICITY =~ . - -85

the work of the greatest electrician so far—¥Faraday.
Yet his book contains at least jﬁst as crazy things as the
corresponding section of the much older Hegelian philo-
sophy of nature. The description of the electric spark,
for instance, might have been translated directly from
the corresponding passage in Hegel. Both enumerafe -
all the wonders that people sought to discover in the’
electric spark, prior to knowledge of its real nature and
manifold diversity, and which have now been shown to-
be mainly special cases or errors.. ' '
$till better, Thomson recounts quite seriously on p. 446
Dessaigne’s cock-and-bull stories, such as that, with a
rising barometer and falling thermometer, glass, resin,
silk, etc., become megatively electrified on immersion in
mercury, but positively if instead the barometer is
falling and the temperature rising; that in summer
gold and several other metals become positive on warming
and negative on eooling, but in winter the reverse ; that
with a high barometer and northerly wind they are
strongly electric, positive if the temperature is rising and
negative if it is falling, ete. -
So much for the treatment of the facts. As regards
a priori speculation, Thomson favours us with the
following treatment of the electric spark, derived from
no lesser person than Faraday himself : _
““ The spark is a discharge . . . or weakening of the
polarised inductive state of many dielectric particles -
by means of a peculiar action of a few of these particles -
oceupying a very small and limited space. Faraday
assumes that the few particles situated where the
discharge occurs are not merely pushed apart, but
assume a peculiar, highly exalted, condition for the
time, i.e. that they have thrown on them all the
surrounding forees in suecession and are thus brought
into a proportionate intensity of condition, perhaps
equal to that of chemically combining atoms; that
they then discharge the powers, in the same manner
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as the atoms do theirs, in some way at present un-

knt_)wn to us and so the end of the whole. The .
ultln}ate_ effect is exactly as if a metallic wire had been
put into the place of the discharging particles, and

it does not seem impossible that the principles of
action lln both cases may, hereafter, prove to be the
same.” ' '

I have, adds Thomson, given this eiplanation of R

.Fa.raday’s in his own words, because I do not understand
it clearly. This will certainly have been the experience

.of other persons also, quite as much as when they read .
in Hegel that in the electric spark * the special materi- ;
ality of the charged body does not as vet enter into the -

process but is ‘determined within it only n an ele-

- Tuentary and spiritual way,” and that.electricity is * the .

anger, the effervescence, proper to the body,” its * angry
self * that ““ is exhibited by every body when excited.”
(Philosophy of Nature, paragraph 324, addendum.) 2

Yet the basic thought of both Hegel and Faraday is

the same. Both oppose the idea that electricity is not -
a state of matter but a special, distinet variety of matter. -

And since in the spark electricity is apparently exhibited

_as independent, frec from any foreign material sub-
stratum, separated out and yet perceptible to the senses, .

they arrive at the necessity, in the state of science at

the time, of having to conceive of the spark as the -

transient phenomenal form of a ** force ” momentarily
freed from all matter. For us, of course, the riddle i'vs
solved, since we know that on the spark discharge
between metal clectrodes real “f metallic particles
leap across, and hence in actual fact “ the special
materiality of the charged body enters into the process.™

As is well known, eleetricity and magnetism, like
heat' and light, were at first regarded as special im-
ponderable substances. s far as clectricity is concerned,

L1 2 Sec Appendix 11, p. 334,
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it is well known that the view scon developed that there

are two oppesing substances, two * fluids,” one positive

and one negative, which in the normal state neutralise .
each other, until they are forced apart by a so-called
“ electric force of separation.’” It is then possible to
charge two bodies, one with positive, the other with
negative electricity ; on uniting themn by a third con-.
ducting bedy equalisation occurs, either suddenly or
by means of a lasting current, according to circum-
stances. The sudden equalisation appeared very simple
and comprehensible, but the current offered difficulties.

The simplest hypothesis, that the current in every case
" is a movement of either purely positive or purely
negative electricity, was opposed by Fechner, and in

more detail by Weber, with the view that in every circuit
two equal currents of positive and negative electricity
flow in opposite directions in channels lying side by side

- between the ponderable molecules of the bodies.!

Weber’s detailed mathematical working out of this
theory finally arrives at the result that a function, of
no interest to us here, is multiplied by a magnitude I/r, :
the latter signifying * the ratio . . . of the umit of

“electricity to the milligram.” (Wiedemann, Lehre vom

Galvanismus, etc. [ Theory of Galvanism, eic.], 2nd edition,
III, p. 569). The ratio to a measure of weight ean
naturally only be.a weight ratio. Hence one-sided
empiricism had already to such an extent forgotten the
practice of thought in calculating that here it even makes
the imponderable electricity ponderable and introduces

. its weight into the mathematical calculation.

The formule derived by Weber sufficed only within
certain limits, and Helmholtz, in particular, only a few
years ago calculated results that come into conflict

° t We now know that a current in mectals is due to a movement of
electrons, whereas in electrolytes, e.g. salt water and gases, molecules
with both positive and nicgative eharges carry it .
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with the principle of the conservation of energy.. In
opposition to Weber’s bypothesis of the double eurrent
flowing in opposite directions, C. Naumann in 1871
put forward the other hypothesis that in the current
only one of the two electricities, for instance the positive,
‘moves, while the other negative one remains firmly
bound up with the mass of the body. On this Wiede-
mann includes the remark : “ This hypothesis could be

linked up with that of Weber if to Weber’s supposed

double current of electric masses +ile flowing in
opposite directions, there were added a further current
of meutral eleciricity, externally inactive, which carried
with it amounts of electricity --1e in the direction of the
positive current.” (ITI, p. 577.)

This statement is once again characteristic of one-
sided empiricism. In order to bring about the flow of
electricity at all, it is decomposed into positive and
negative. All'attempts, however, to explain the current
with these two substances, meet with difficulties;
hoth the assumption that only one of them is present

in the current and that the two of them flow in opposite -

directions simultaneously, and, finally, the third assump-
tion also that one flows and the other is at rest. If we
adopt this last assumption how arc we to cxplain the
mexplicable idea that negative clectricity, which is
mohile enough in the electrostatic machine and the
Leyden jar, in the current is firmly united with the mass
of the body ? Quite simply. Besides the positive
current e, flowing through the wire to the right, and
the negative current, —e, flowing to the left, we make
yet another current, this time of neutral electricity, e,
flow to the right. First we assurne that the two elec-
tricities, to be able to flow at all, must be scparated fron
one another; and then, in order to explain the pheno-
mena that oceur on the flow of the separated electricitics,
we assume that they can also flow unseparated.  First
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we make a supposition to explain a particular pheno-
menon, and at the first difficulty encountered we make

" a second supposition which directly negates the first one.
“What must be the sort of philosophy that these gentle-

men Kave the right to complam of ? : ™
However, alongside this view of the material nature of -
electricity, there soon appeared a second view, according
to which it is to be regarded as a mere state of the body,
a ““force ” or, as we would say te-day, a special form of

‘motion. We saw above that Hegel, and later Faraday,

adhered to this view. After the discovery of the
mechanical equivalent of heat had finally disposed of
the idea of a special * heat stuff,” and heat was shown
to be a molecular motion, the next step was to treat
electricity also according to the new method and to
attempt to determine its mechanical equivalent. This
attempt was fully successful. Particularly owing to
the experiments of Joule, Favre, and Raouit, not only
was the mechanical and thermal equivalent of the so-
called “ electromotive force ” of the galvanic current
established, but also its complete equivalence with the
energy liberated by chemical processes in the exciting
cell or used up in the decomposition cell. This made the
assumption that- electricity is a speclal material fluid
more and more untenable.

- The analogy, however, between heat and electricity
was not perfect. The galvanic currents still differed in
very essential respects from the conduction of heat.
It was still not possiblé to say what it was that moved
in the electrically affected bodies. The assumption of a -
mere molecular vibration as in the case of heat seemed
insufficient. In view of the enormous velocity of
motion of clectricity, even execeeding that of light,!
it remained difficult to overcome the view that here some

.1 This is incorrect, but was generally stated in texthooks at the
time when Engels wrote. -
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Eaetir;(ai?ubsjtanc.e. is in ﬁmtm;n b‘e.t.“.re.gn.the n.1.olec_ules of
- Here. the most recent theories put forward by Clerk
Maxwell (1864), Hankel (1865), Reynard (1870), and
Edlund (1872) are in complete agreement \Vit;l' “the
assump.tion already advanced in 1846, first of all as a
suggestion by Faraday, that electricity is a move’meni; of
the elastic medium permeating the whole of space and
henc.e all bodies as well, the discrete particles of which
Tnedmm repel one another according to the law of the
inverse square of the distance. In other words, it is a
motion of ether particles, and the molecules of t}’le bod
_ ta.ke. part in this motion. As to the manner of thijg
mot;on,’ :the various theories are divergent; those of
Maxwell,'.HankeI', and Reynard,-taking as ’théir basis
3noderx.1' investigations of - vortex motion, explain it
in varlous ways from vortices, so that the vortex
?f olc? Descartes also once more comes into favour
in ‘an‘zr‘lcreasing number of new fields. - We refrain from
going more closely into the details of these theories
They. differ strongly from one another and they wi'li
certal.n.ly still experience many transformations. But
a decilee advance appears to lie in their common basic
conception ! that electricity is a motion of the particies
of the luminiferous ether that penetrates all ponderable
matter, this motion reacting on the molecules of +he
body. .This conception reconciles the two earlier onesl
_.Accfordmg to it, it is true that in ‘electrical phénomena..
1t. 1s something substantial that moves, somethin
.dlfferent from pondecrable matter. -But this substalic%
is not electricity itself, which in fact proves ratiler t(;
bfe a form of motion, although not a form of the imme-
diate direct motion of ponderable matter: While, on
the one hand, the ether theory shows a way of 'get’tin
over the primitive clumsy idea of two opposed electricaﬁ
fluids, on the other hand it gives a prospect of ex- |
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plaining what the real, substantial substratum of electri~
cal motion is, what sort of a thing it is whose motion
produces electrical phenomena.! o _
The ether theory has already had-one decisive success.
As is well known, theie is at least one point where

electricity directly alters the motion of light » it rotates

‘the latter’s plane of polarisation. On the basis of his
‘theory mentioned above, Clerk Maxwell calculates that
‘the electrie specific inductive capacity of a body is equal

to the square of its index of refraction. Boltzmann has
investigated = dielectric' -coefficients of various non-
conductors and he found that in sulphur, rosin, and
‘paraffin, the square roots of these coefficients -were

“respectively equal to their indices of refraction. - The

‘Highest - deviation—in’ sulphur—amounted to only 4
‘per cent. Consequently, the Maxwellian ether theory
in ‘this particular has  hereby been " experimentally

" eonfirmed.? S

It will, however, require a lengthy period and cost

““much labour before new series of experiments will
" have extracted a firm kernel from these mutually con- -
* gradictory hypotheses. Until then, or until the ether

theory, too, is perhaps supplanted by an entirely new
one, the theory of electricity finds itself in the un-

- comfortable position of having to employ a2 mode of

expression which it itself admits o be false. Its whole
terminology is still based on the idea of two electric
fluids. It still speaks quite unashamedly of * electric
masses flowing in the bodies,” of *a division of elec-
tricities in every molecule,” ete. This is a misfortune

" which for the most part, as already"ISaid, follows in-

-1 The view that electrical energy was located in the ether was the
basis of the experiments which gave us radio. It seemed in turn to
have been negated by the discovery of electrons. However, the electron
in turn is now regarded by many physicists as a system of waves rather
than a well-defined particle.

2 Every broadcast is a confirmation of this theory to-day.
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evitably from the present transitional state of seience,
but which also, with the one-sided empiricism particularly
prevalent in this branch of investigation, contributes not
a little to preserving the existing eonfusion of thought.
The opposition between so-called static or frictional
electricity and dynamic electricity or galvanism ean now
be regarded as bridged over, since we ‘have learned to
produce constant currents by means of the electric
machine and, conversely, by means of the galvanic
current to produce so-called static electricity, to charge
Leyden jars, ete. We shall not here touch o the sub-

- form of static electricity, nor likewise on magnetism,
which is now recognised to be also a sub-form of elec-

tricity. The theoretical explanation of the phenomena

belonging here will under all cireumstances have to be _

consequently we shall keep mainly to this, _
A constant current can be produced in many different
ways. . Mechanieal mass motion produces directly, by

sought in the theory of the galvanic. current, and

friction, in the first place only static electricity, and a
- constant current only with great dissipation of energy.

For the major part, at least, to become transformed into
electric motion, the intervention of magnetism is
required, as in the well-known magneto-electric machines! -
of Gramme, Siemens, and others. Heat can be converted
directly into current electricity, as especially occurs at
the junction of two different metals. The energy set
free by chemical action, which under ordinary circum-
stances appears in the form of heat, is converted under
appropriate conditions into eleciric motion. Con-
versely, the Iattel_' form of motion, as soon as the
requisite conditions are present, passes into any other
form of motion: into mass motion, to a very small
extent directly into electro-dynamic attractions ‘and
repulsions; to a large . extent, however, by the ‘inter-
. * Now called dynamos, ' .
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vention of magnetism in the eIectro:magnetic machu;le ;
into heat—throughout a closefi cireuit, .unless_ other
changes are brought about; into che_rmcal ene(;’gy;——,
in decomposition cells and Voltan}eters'; introduced mdo_ .
the eircuit, where the currenth dlssoqatcs compounds |
: e attacked in vain by other means, .
thztna:hese transformations are governed b‘y the basx;
law of the quantitative equivalence‘ of motion throug
- all its changes of form. Or, as Wiedemann ex};:res.sei :
“it: “ By the law of conservation of force thg mec amcl? .
- work exerted in any way for the production of t‘e
current must be equivalent to thenwork e:_;erted. m.
_producing all the effects of the current.” '.E‘he conversion
" of mass motion or heat into electricity ! offers us Indc.
 difficulties here ;- it has been shown tha’? the so-calle
- electromotive force » 2 in the first case is equal to the
- work expended on that motion, and in the §econfi _c:i;e
it is *“at every junction of the therr’r’lopllf: diree y
proportional to its absolute tfampe_rature (ngdeman:,
III, p. 482), i.e. to the quantity of h.eat present at evle y.
junction measured in absolute units. 'I.‘h'e samz ag .
has in fact been proved valid also for electricity produce
from' chemical energy. But here the matter seems to
be not so simple, at least for the theory now curlrent..
" Let us, therefore, go into this somewhat more deep y.}_l
One of the most beautiful series: of experiments on the
transformations of form of“motion as a result of the
action of a galvanie cell is that of Eﬁ‘avre (1§57—58):
He put a Smee cell of five elements in a calorllmeter ;

jeity 7 i lectric motion with:
rm -** electricity * in the sense of elec ]
th; gar?lseejtl;:ﬂggation that the general term.' heat " is t’i‘sl:e :_;: f;gﬁz::
he fortm of motion that our senses perceive as heat. 'lh S the less
ope Oto objection in as much as any possible confusion wit ;‘m 1
g?i?ress of electricity is here expressly exeludgd in advance. . [ ¥ .
£ Feets] - ‘ this term was very loosely
it must be remembered that this : .
us:closl;ﬁ—etym;::rlst an;o, and now has a definite meaning, not of course

equivalent to any form of energy. .
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in a secmfxd calorimeter he put a small electro-magnetic
motor, with the main axle and driving wheel projecting

so as to be available for any kind of coupling. Rach

production in the cell of one gram of hydrogen, or

Sf)lution of‘32-6 grams of zine (the old chemical equi-
- valent of zinc, equal to half the now accepted atomie

::Lgll:: :65 2, and e‘xpressed in grams), gave the following
A. The cell enclosed in the calorimeter, éxclu.ding the
Ee(;?r' heat producugn 18,682 or 18,674 units of
B. Cell and motor linked in the circuit, but the motor
prevented from moving : heat in the cell 16,448 in. the.-
motor 2,219, together 18,667 units of heat. . A
’ (?.’AS-B, but the motor in motion without hoWever
lifting a weight : heat in the cell 18,888, in the motor
4,769, together 18,657 units of heat. R .
D. As C, but the motor raises a _Weight and 50 péi‘-.
forms_ mechanical work=-131,24 .kilogram-metrés
heat in the cell 15,427, in the motor 2,047, total 18,574
un}ts of heat; loss in contrast to the above 18’685'
equals 308 units of heat. But the mechanical \;0.1‘1;-
perfo‘rn{ed amounting to 131,24 ‘kilogram-metres.
r'nultxp‘hed by 1,000 (in order to bring the ldlograms,
into 1{11? with the grams of the chemical resu'lts).
@fld dw-lded by the mechanical equiva]eﬁt of heat=
423,5 kilogram-metres, gives. 309 units of heat, hence
exactly the loss mentioned above as the heat .eqlslival t
of the mechanical work performed. .~ o
The equivalence of motion in all its tra@nsfcirmati.om is
th.er(?fore,- strikingly proved for .electric motion a:Isc;
w%thm the limits of unavoidable error. - And it is Iike:
wise p-rove_d that the * electromotive force " of the
galvamc.: battery is nothing but chemical énerg 4 con-"'
verted‘ into eclectricity, and the - battery itself n)othih |
but an apparatus that converts chemical energy on it%P
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. liberation into electricity, just as a steam engine trans-

forms the heat supplied to it into mechanical motion, .
without in either case the converting apparatus supplying

further energy on its own account. o

. A difficulty arises here, however, in relation to the

traditional mode of conception. The latter ascribes an

“ electric force of separation » to the battery in virtue of

the conditions of contact present in it between the fluids

and metals, which force is proportional to the electro-
motive force and therefore for a given battery represents
a definite quantity of energy. . What then is the relation
‘of . this electric force of separation, which according to
the traditional mode of conception of the battery as such
is inherently a source of energy cven without chemical
action, to the energy set free by -chemical action ?.
And if it.is a source of energy independent of the latter,
whenee comes the energy furnished by it ?

This question in a more or fess unclear form consti-
tutes the point of dispute between the contact theory
founded by Volta and the chemical theory of the galvanicj
current that arose immediately afterwards. .

The contact theory explained the current from the
clectric stresses arising in the battery on contact of the
metals with one or more of the liquids, or even merely
on contact of the liquids themselves, and from their
neutralisation or that of the opposing electricities thus
generated in ‘the ecircuit. The -pure contact theory

~ regarded  any chemical changes that might thereby

oceur as quite secondary... On the other hand, as
carly as 1805, Ritter maintained that a current cculd
_only be formed if the excitants reacted chemically
even: before closing the circuit. In general this older
' chemical theory 1s summarised by Wiedemann (I,
p. 284) to the cifect that aceording to it so-called contact.
cleetricity ** makes its appearance only if at the same.
tinic there comes into play a real chemical action of the
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bodies in contact, or at any rate a disturbance of the

. chemieal equilibrium, even if not.directly bound up with

chemieal - processes, .a ‘tendency towards chemical

action * between the bodies in contact.” . e
It is seen that both sides put the question of the source

of energy of the current only indirectly, as indeed could:

hardly be otherwise at the time.  Volta and his sue-
ée_ssors found it quite in order that the mere contact of
heterogeneous bodies should produce a constant current, -
and consequently be able to perform definite work
without equivalent return. Ritter and his supporters
are just as little clear how the chemieal action makes the

battery capable of ‘producing the current and its per-

formance of work. But if this point has long ago been:

cleared up for chemical theory by Joule, Favre, Raoult,
and others, the opposite is the casc for the contact
theory. In sofarasit has persisted, it remains essentially
at the point where it started. - Notions belonging to a
period’ long outlived, a period when one had to be

satisfied to aseribe a particular effect to the first avail-

able apparent cause that showed itself on the surface,’
regardless of whether motion was thereby made to arise

out of nothing——notions that divectly contradict the

principle of the conservation of energy—thus continue
to exist in the theory of electricity of to-day., And if
the objectionable aspects of these ideas are shorn off,
weakened, watered down, castrated, glossed over; this
does not improve matters at all; " the confusion .is
bound to become only so much the worse. - '
As we have seen, even the older chemical theory of the
current declares the contact relations of the battery to
be absolutely indispensable for the formation of the
current : it maintains only that these contacts can iever
achieve a constant current without simultaneous chemi-
cal action. And even to-day it is still taken as a matter
of course that the contact arrangements of the battery
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vide precisely the apparatus by means of ‘Vle?lch
berated chemical energy is transformed into electricity,
1d that it depends essentially on these contact arrange-
ents whether and how much chemical energy actually
sses into electrie motion. " , :
‘Wiedemann, as a one-sided empiricist, seeks to save
hat can be saved of the old contact theory. Let us
{low what he has to say. He declares (I, p. 799) : |
+“In contrast fo what was formerly. believed, the -
effect’ of contact of chemically indifferent bodies,
e.g. of metals; is neither indispensable for the theory of ‘

the pile, nor proved by the facts that Okm derived his

law from it, a law that can be derived without this
assumption, and that Fechner, who confirmed this.
law experimentally, likewise defended the contact
theory. Nevertheless, the exeitation of' electricity
by metallic conitact, according to the experiments now
available at least, is not to be denied, even though the
quantitative results obtainable in this respect may
always be tainted with an inevitable uncertainty
owing to the impossibility of keeping absolutely clean

the surfaces of the bodies in contact.” .

It is seen that the contact theory has become very
medest. It concedes that it is not at all indispensable
or explaining the current, and neither proved theoreti-
ally by Ohm nor experimentally by Fechner. It even

_concedes then that the so-called fundamental experi-
: ments, on which alone it can still rest, can never furnish
‘other than uncertain results in a quantitative respect,

and finally it asks us merely to recognise that in general

it is by contact—although only of mefals —that electric
-motion occurs, o ' - _

" If the contact theory remained content with thl.S,
‘there would not be a word to say against it. It will

certainly be granted that on the contact of two metals:

- electrical phenomena occur, in virtue of which a pre-
"._paration of a frog’s leg can be made to twitch, an electrq-

n
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scope charged, and other movements brought about.
The only question that arises in the first place. is :

whence comes the energy required for this ?
To answer this question, we' shall
Wledemann {1, p- 14) ER

- “adduce more or less the following considerations ; -
if the heterogeneous metal plates A and B are brought -
- within a close distance of each other, they attract

each other in consequence of the forces of adhesion.
On mutual contact they lose the vis viva 1 of motion

- imparted to them by this attraction. (If we assume
- that the molecules of the metals are in a state of
permanent vibration, it could also happen that, if
on contaet of the heterogeneous metals the molecules
not vibrating sunultaneously come into contact, an
alteration of their vibration is thereby brought about

. with loss of vis viva.) The lost vis viva is to a large
. extent converted into heat. " A-small portion of it,
however, is expended in. bringing about a different

- distribution of the electricities previously unseparated.
As we hdave already mentioned above, the bodies

brought together become charged with equal quanti-
ties of positive and negative electricity, possibly as
the result of an unequal attractlon for the two

e]ectncxtles

The modesty of the contact theory becomes greater

and greater. At first it is. admitted that the powerful
electric force of separation, which has later such a
gigantic work to perform; in itself possesses no energy
of its own, and that it cannot function if energy is not
supplied .to it from outside. And then it has allotted :
to it a more than diminutive source of energy, the vis

- viva of adhesion, which only comes into play at scarcely -

measurable distances and which allows the bodies ‘to
travel a scarcely measurable length. But it does not
matter : it indisputably exists and equally undema.bly

! ZLe. kinetic energy,

accordmg to'
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-anishes on. contact. But even this minute source still

mé:hes; too much energy for our purpose: a large
art is converted into heat and only a small portion
s to evoke the electric force of separation. Now,

hough it is well known that cases enough oceur in
ture . where extremely minute impulses bring about
emely powerful effects, Wiedemann himself seems
féél that his hardly trickling source of energy can
_h” dlfﬁculty suffice here, and he seeks a possible
econd source inthe assumption of an interference of the
'l‘ecular vibrations of the two metals at the surfaces of
ontact. Apart from other difficulties encountered here,

_and. Gassiot have shown that for exciting elec-
icity actual contact is not at all mdispensa,ble, as
'-1edemann himself tells us on the previous page. In
ort the more we examine it the more does the source
energy for the electric force of separation dwindle to
thing. .

Yet up.to now we hardly know of any other source
-the . excitation of electricity on metallic contact.

According to Naumann (dllg. u. phys. Chemie [General
Physical Chemistry], Heidelberg, 1877, p. 675),

he .contact-electromotive forces convert heat into
: _'ctrlclty ; he finds * the assumption natural that
he ability of these forces to produce electric motion
epends on the gquantity of heat present, or, in other
_rds, that it is a funetion of the temperature, as has
o - been. proved expenmentally by Le Roux. Here
o we find ourselves groping in the dark. The law of
“the: voltaic series of metals forbids us to have recourse
o the chemical processes that to a small extent are
_ohtmually taking place at the contact surfaces, whicl
e always covered by a thin layer of air and impure
ter, a layer as good as inseparable as far as we are
concerned.  ‘An . electrolyte should produce a constant
ui'rent in the circuit, but the electr:cxty of mere metallic
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contact, on the contrary, disappears on closing the circuit.

And here we come to the real point: whether, and in

what manner; the production of a constant current on
the contact of chemically indifferent bodies is made
possible’ by this “ electric force of separation,”. which

Wiedemann himself first of all restricted to metals,
declaring it incapable of functioning without energy

being supplied from outside, and then referred exclusxvelv
to a truly mlcroscoplcal source of energy. _

The voltaic series- arranges the metals in such a
 sequence that each one behaves as electro-negative in

relation to the preceding one and as electro-positive in’

relation to the one that follows it. Hence if we arrange
a series of pieces of metal in this order, e.g. zine, tin,
iron, copper, ‘platinum, we shall be able to obtain
differences of electric potential at the two ends. If;
however, we arrange the series of metals to form a
circuit so that the zine and platinum are in contact,
the electric stress is at once neutralised and disappears.
_* Thereforé the production of a ccnstant current of
electricity is not possible in a c:Ios'ed cireuit of bodies
belonging to the voltaic series.” Wiedemann further
supports this statement bv the. fo]lowmg theoretlcal
con91derat10n B

“In fact, if a constant clcctrlc current were to

' make. its appearance in the circuit, it would produce

" heat in the metallic conductors themselves, and this

" heating could at the most be counterbalanced by
cooling at the metallic junctions. In any case it
would give rise to an uneven distribution of heat;

moreover an electro-magnetic motor could be driven

continuously by the current without any sort of supply.
from outside, and thus work would be performed, which

_is impossible, since on firmly joining the metals, for
instance by soldering, no further changes to com-
pensate for this work cou]d take place even at the
con’ract surfaces.”
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And: not content with the theoretical and experi-
mental proof that the contact electricity of metals by
self cannot produce any current, we shall see too that
Wiedemann finds himself compelled to put forward a
ecial hypothesis to abolish its activity even where it
ght perhaps msdke itself evident in the current,

Let us, therefore, try another way of passmg from
ntact - electricity -to the current. Let us ‘imagine, -
with 'Wiedemann, “ two metals, such as a ziric réd and
opper rod, soldered together at one end, but with their
free ends connected by a third body that does nof act
'ctromotlvely in relation to the two- metals, but
nly conduets the opposing electricities collected on
ts surfaces, so that they are neutralised in it. Then the
lectric - force of separation’ would alwa,ys restore the
previous difference of potential, thus a constant electric
urrent would make its appearance in the circuit, a
current that would be able to perform work without
y compensation, which again is impossible.—Accord- .
gly, there cannot be a body which only conducts
ctnclty without electromotive - activity in relation
0 the other bodies,” ~ We are no better off than before :
he impossibility of creating motion again bars the way.
By the contact of chemically indifferent bodies, hence
- by contact electricity as such; we shall never produce a
current.

. Let-us therefore go ‘back again and try a , third way
o ted out by Wiedemann :

« Flnally, if we immerse a zinc platc and a copper
plate in a liquid that contains a so-called binary
compound,! which therefore can be decomposed into
two chemieally distinct constituents that completely
saturate one. another, e.g. dilute hydrochloric acid
(H+-Cl), ete., then according to paragraph 27 the
zinc becomes negatively charged and the copper

- 1 Ag we should now say, an electrolyte.
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" positively. . On joining the metals, these clectricities
- neutralise one another through the plade of contact,
through which, therefore, a current of positive elec-
tricity flows from the copper to the zinc. Moreover,
- since the electric force of separation making its
appearance on the contact of these two metals carries
away the positive electricity in the same direction,

the effects of the electric forces of separation are not

abolished as in a closed metallic circuit. = Hence there

arises a_constant current of positive electricity, flowing

“in the closed circuit through the copper-zine junction

~in the direction of the latter, and through the liquid

from the zine to the .copper. We shall return in a

__moment (paragraph 84, ef seq.) to the question how
far the individual electric forces of separation present
in the enclosed circuit really participate in the forma-

- tion of the current.—A combination of conductors

providing such a °© galvanie current’ we term a

galvanic - element, .or also a. galvanic .battery.’_’

(L, p. 45.) . ‘ :

Thus the miracle has been accomphshed By the
- Imere electrlc contact foree of separation, which, according
to Wledemann himself, cannot be  effective without
energy being supplied from outside, a constant current
has been produced.” And if we were- offered nothing
more for its explanation than the above passagé from
Wiedemann, it would indeed be an absolute. miracle,
What have we learned here about the process ? :

1. If zinc and copper are immersed in a liquid con-
taining a so-called binary compound, then, according
to paragraph 27, the zine becomes negatively charged
and the copper positively charged. .But in the whole
of paragraph 27 there is no word of any binary compound.
It. describes only a simple voltaic element of a zine
plate and copper plate, with a piece of cloth moistened
- by an aecid liquid interposed between them, and then
investigates, without mentioning any chemical processes,
the resulting static-electric charges of the two metals.
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_-ence ‘the so-called binary compound has been smuggled
‘here by the back-door.
. What this binary compound is doing here remains
mpletely mysterious. The circumstance that it © can
e decomposed into two chemical constituents that fully
_saturate each other ” (fully saturate each other after
‘they have been decomposed ?!} could at most teach
- something new if it were actually to, decompose.
ut we are not told a word about that, hence for the
time being we have to assume that it does not decompose,
.g. in'the case of para.fﬁn
8. When the zine in the hquld has been negatively
harged and the copper positively charged, we bring
hem into contact (outside the liquid). At once * these
ectricities neutralise one another through the place of
ontact, through which therefore a current of positive
lectricity flows from the copper to the zinc.” : Again,
ve do not learn .why only a current of “ positive ”
lectricity flows in the one direction, and not also a
current -of *‘ negative” electricity in the opposite
direction, We do not learn at all what becomes of the
:egatlve electricity, which, hitherto, was just as necessary
“as the positive ; the effect of the electric force of separa-
“tion consisted precisely in setting them free fo oppose
_one another. Now it has been suddenly suppressed,
. a8 it were eliminated, and it is made to appear as 1f there
' exists only pos1t1ve electricity.
':E_But then again, on p. 51, the precise opposite is sa1d
ot here ¢ the electricities unite in one current ”’; conse-
uently both negative and positive flow in it! Who
will rescue us from this eonfusion ? o
4. ““Moreover, since the electric force of separation
making its appearance on the contact with these two
_metals carries away the positive electricity in the same
~direction, the effects of the electric forces of separation
_ are not abolished as in a closed metallic circuit. Hence,
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there arises a constant current,” ete.—This is a bit
thick. For as we shall see a few pages later (p. 52),
Wiedemann proves to us that on the * formation of a
constant current . . . the -electrie -force of separation
at the place of contact of the metals . . . must be
inactive, that not only does a cuirent occur even when

‘this force, instead of carrying away the ‘positive elec-

trieity in the same direction, acts in opposition to the
. direction of the current, but that in this case too it is
not compensated by a definite share of the force. of
separation of the battery and, hence, once again is
inactive.” Consequently, how can Wiedemann on p. 45
make an electric force of separation participate as a
necessary- factor in the formation of the current when

on p. 52 he puts it out of action for the duration of the

current, and that, moreover, by a hypothesis erected
specially for this purpose ?- : : .

5, ““ Hence there arises a constant current of positive
electricity, flowing in the closed ecircuit from the copper

*_ through its place of contact with the zing, in the direction

of the latter, and through the liquid from the zinc to the
copper.”—But in the case of such a constant electric

current, * heat would be produced by it in the con--

ductors themselves,” and also it would be possible for
*“ an electro-magnetic motor to be driven by it and thus

work performed,”” which, however, is impossible without .

supply of energy. Since Wiedemann up to now has not
breathed a syllable as to whether such a supply of
energy occurs, or whence it comes, the constant current
so far remains just as much an impossibility as in both
the previously investigated cases.

No one feels this more than Wiedemann himself.
So he finds it desirable to hurry as quickly as possible
~over the many ticklish points of this remarkable explana-
tion of current formation, and instead to entertain the
reader throughout several pages with all kinds of elemen-
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! ary. anecdotes about the thermal, chemical, magnetic,
‘and physiological effects of this still mysterious current,
1 the course of which by way of exception he even adopts
a-quite popular tone. Then he suddenly continues

P 49): '

“We have now to investigate in what way the
clectric forces of separation are active in a closed
_circuit of two metals and a liquid, e.g. zinc, copper,
‘and hydrochlorie acid.” ‘

o We know that when the current traverses the

.. liquid the constituents of the binary compound (HCI)

.- contained in it become separated in such a manner
that, one constituent (H) is set free on the copper, and
~an equivalent amount of the other (Cl) on the zine,
whereby the latter constituent combines with an

equivalent amount of zinc to form ZnCl.”

"We know! If we know this, we certainly do not know

_it from Wiedemann who, as we have seen, so far has not.

_breathed a syllable about this process. Further, if we
do know anything of this process, it is that it cannot
proceed in the way described by Wiedemann.

* - On the formation of a moleeule of HCI from hydrogen
and chlorine, an amount of energy =22,000 units of heat

" is liberated {(Julius Thomsen). Therefore, to break

away the chlorine from its combination with h_‘ydrogen,
the same quantity of energy must be supplied from

- outside for each molecule of HCL. Where does the
battery derive this energy ?° Wiedemann’s description
" does not tell us, so let us look for ourselves.
" When chlorine combines with zinc to form zinc -
- chioridé a considerably greater quantity of energy is

liberated: than is necessary to. separate chlorine from
hydrogen ; (Zn,Cl,) develops 97,210 and 2(H,Cl) 44,000
units of heat (Julins Thomsen). With that the process

in the battery becomes comprehensible. Herfce it
' is not, as Wiedemann relates, that hydrogen without

p*
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more ado is- Iibérated from the copper, and chlorine
from the zine, “ whereby” then subsequently and

accidentally the zinc and chlorine enter into combination. ‘

- On the contrary, the union of the zine with the chlorine
is the essential, basic condition for the whole process,
and as long as this does not take place, one would wait
in vain for hydrogen on the copper. o

The excess of energy liberated on formation of a

moleeule of ZnCl, over that expended on liberating two
atoms of H from two molecules of HCI, is converted in
the battery into electric motion and provides the entire
*“electromotive force ” that makes its appearance in
the current circuit. = Hence it is not a mysterious
“electric force of separation ™ that tears asunder
hydrogen and chlorine without any demonstrable source
of energy, it is the total chemical process taking
place in the battery that endows all the * electrie
forces of separation ” and * electromotive forees
of the circuit with the energy necessary for their
existence. ' ' -

For the time being, therefore, we put on record that

‘Wiedemann’s second explanation of the current gives
us just as little assistance as his first one, and let us
proceed further with the text : ' Co -

* This process proves that the behaviour of the
binary substance between the metals does not consist-
merely in a simple predominant attraction of its
entire mass for one electricity or the other, as in the

case of metals, but that in addition a special action

of its constituents is exhibited. Since the constituent
Clis given off where the current of positive electricity

enters the fluid, and the constituent H where the

negative electricity enters, we assume that ecach
equivalent of chlorine in the compound H(l is charged
with a definite amount of negative electricity deter-
- mining its attraction by the entering positive elec-

tricity, It is the electro-negative constituent of . the -
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ompound. Similarly the equivalent H must be
charged with positive electricity and so represent the
electro-positive constituent of the compound. ' These
charges could be produced on the combination of
H and Cl in just the same way as on the contact of
zine: and copper. Since the compound HCI as such
is non-eleetric, we must assume accordingly that in it
the: atoms of the positive and negative constituents
contain egual quantities of positive and negative
electricity.

- 1f now a zinc plate and a copper plate are dipped .
in dilute hydrochloric acid, we can suppose that the
zine has a stronger attraction towards the electro-
negative constituent (Cl) than towards the electro-
positive one (H). Consequently, the molecules of
hydrochloric acid in contact with the zinc would
dispose themselves so that their -electro-negative
constituents are turned towards the zine, and their
electro-positive constituents towards the. copper.
Owing to the constituents when so arranged exerting
their electrical attraction on the constituents of the
next molecules of HCI, the whole series of molecules
between the zinc and copper plates becomes arranged
as in ¥ig. 10 : R :

~Zine o . : Copper+
T e e ol i el | o
CLHC HCGHEC HCAH

If the second metal acts on the positive hydrogen
as the zine does on the negative chlorine, it would
help to promote the arrangement. - If it acted in the
opposite manner; only more weakly, at least the
- direction would remain unaltered. _ :
© By the influence exerted by the negative elec-
tricity of the electro-negative constituent Cl adjacent
~ to the zine, the electricity would be so distributed in

- the zine that places on it which are close to the €l of

- the immediately adjacent atom of acid would become
..charged positively, those farther away negatively.
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Similarly, negative electricity would accumulate in
the copper next to the electro-positive constituent

(H) of the adjacent atom of hydrochloric acid, and the

positive electricity would be driven to the more remote

parts. o o o '
Next, the positive electricity in the zine would

combine with the negative electricity of the imme-
diately adjacent atom of Cl, and the latter itself with

the zinc, to form non-electric ZnCl,. The electro-

positive atom ¥, which was previously combined -

with this atom of Cl, would unite with the atom of Ci
turned towards it belonging to the second atom of
HCIL, with simultaneous combination of the electri-
cities contained in these atoms; similarly, the H of
the second atom of HC] would combine with the Cl of
the third atom, and so on, until finally an atom of
. H would be set free on the copper, the positive elec-
tricity of which would unite with the distributed
negative electricity of the copper, so that it escapes
in a non-electrified condition.” This process would
*“ repeat itself until the repulsive action of the elec-
tricities accumulated in the metal plates on the
~ clectricities of the hydrochlorie acid constituents
turned towards them balances the chemical attraction

of the latter by the metals. If, however, the metal

plates are joined by a conduetor, the free electricities
of the metal plates unite with one another and the
' above-mentioned processes can recommence. In this
way a constant current of electricity comes into being.

~-It is evident that in the course of it a continual loss -

of vis viva oceurs, owing to the constituents of the
- binary compound on their migration to the metals
moving to the latter with a definite velocity and then
coming to rest, either with formation of a compound
(ZnCl;) or by escaping in the free state (H). (Note
- {boy Wiedemann]: Since the gain in vis vive on separa-

tion of the constituents Cland H . . . is compensated
by the vis vivae lost on the union of these constituents .

with the constituents of the adjacent atoms, the
influence of this process can be neglected.) This
loss of vis viva is equivalent to the quantity of heat
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_which is set free in the visibly occurring chemical
g process, essentially, therefore, that procftuced o
the solution of an equivalent of zinc in the dilute acid.
- This value must be the same as that of the work
~expended on separating the electricities. If, -there-
fore, the electricities unite to form a current, then,
~during the solution of an equivalent of zinc and the
. giving off of an equivalent of hydrogen from the
~liquid, there must make its appearahee in the whole:
- eireuit, whether in the form .of heat or in the form of
- external performance of work, an amount of work that
- is likewise equivalent to the development of heat

" eorresponding to this chemical process.”

© % Let us assume—could—we must assume—we can
suppose—would be distributed—wouid become charged,”

ete., ete. Sheer conjecture and subjunctives from which
only three actual indicatives can be definitely ext_racte.d :
firstly, that the combination of the zine with the chlorine

is now pronounced to be the condition for the liberation

of hydrogen; secondly, as we now learn right at the

end and as it were incidentally, that the energy herewith

liberated is the source, and indeed the exclusive source,

. of all energy required for formation of the current;
- and thirdly, that this explanation of the current forma-

tion is as directly in contradiction to both those pre-
viously given as the latter are themselves mutually

contradictory.
Further it is said :

“ For the formation of a constant current, th‘erefore,
" there is active wholly and solely the electric force
_ of separation which is derived from the unequal-
" attraction and polarisation of the atoms of the binary .
" compound in the exciting liquid of the battery by
the metal electrodes; at the place of contact of the
metals, at which no further mechanical changes can
acenr, the electric foreé of separation must on the other
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hand be inactive. That this force, if by chance it
counieracts the electromotive excitation of the metals
by the liquid (as on immersion of zine and lead in
potassium cyanide solution), is not compensated by
a definite share of the force of separation at the place
of contact, is proved by the above-mentioned complete
- proportionality of the total electric force of separation

(and electromotive force) in the circuit, with the above-

mentioned heat equivalent of the chemieal process.
Hence it must be neutralised in another -way. This
would most simply occur on the assumption that on

contact of the exciting liquid with the metals the

electromotive force is produced in a double mannép ;

on the one hand by an unequally strong attraction

of the mass of the liquid as a whole towards one or
- the other electricity, on the other hand by the unequal

attraction of the metals towards the constituents of -

the liquid charged with opposite electricities. . . .
Owing to the former unequal (mass) sttraction to-

wards the electricities, the iquids would fully conform:.

to. the law of the voltaic series of metals, and in a
closed circuit . . . complete neuntralisation to zero of
- the electric forces of separation (and electromotive
forces) take place; the second (chemical) action . . .
on the other hand would be provided solely by the
¢lectric force of separation necessary for formation

- of the current and the corresponding electromotive -

force.” (I, pp. 52-8.)

Herewith the last relies of the contact theory are now

happily eliminated from formation of the current, and

simultanecusly also the last relics of Wiedemann’s first
explanation of current formation given on p. 45, It is
finally conceded without reservation that the galvah_'{c
battery is a simple apparatus for converting liberated
- chemical energy into electric motion, into so-called

electric force of separation and electromotive force, .

in exactly the same way as the steam engine is an
- apparatus for converting heat energy into mechanical
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motion. * In the one case; as in the other, the apparatus

. provides only the conditions for liberation and further
_transformation of the energy, but supplies no energy
son:its own asecount. This once established, it remains
“for-us now to make a closer examination of this
~-third version of Wiedemann’s explanation of the
- current. '

How are the energy tfansformations in the circuit of

- the battery represented here ?
- It is evident, he says, that in the battery

.“a continual loss of vis viva oceurs, owing to the
constituents of the binary compound on their migra-
tion to the metals moving to the latter with a definite
velocity and then coming to rest, either with forma-

~tion of a compound (ZnCly) or by escaping in the free
state (H). ' o A ‘
~ This loss is equivalent to the quantity of heat

- which is set free' in- the visibly occurring chemical

process, essentially, therefore, that produced on the

- solution of an equivalent of zinc in the dilute acid.” -

Firstly, if the process goes on in pure form, no heat at
all is set free in the battery on solution of the zinc; the
liberated energy is indeed converted directly into elec-
tricity and only from this converted onee again into heat
by the resistance-of the whole circuit. _

Secondly, vis viva is half the product of the mass and
the square of the velocity. Hence the above statement
would read: the energy set free on solution of an
equivalent of zine in dilute hydrochloric acid, =so many

-calories, is likewise equivalent to half the product of

the mass of the ions and the square of the veloeity with
which they migrate to the metals. ~ Expressed in this .
way, the sentence is obviously false ; the vis vive appear-
ing on the migration of the ions is far removed from

“heing cquivalent to the encrgy set free by the chemical
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process.! But if it were to be so, no current would
be possible, since there would be no energy remaining
over for the current in the remainder of the circuit,

Hence the further remark is introduced that the ions

come to rest “either with formation of a compound
{ZnCl,) or by escaping in the free state,” But if the
loss of vis viva is to include also the energy changes

taking place on these two processes, then we have

indeed arrived at a deadlock. For it is precisely to these
two processes taken together that we owe the whole
liberated energy, so that there can be absolutely no
question here of a loss of vis vive, but at most of a
gain.

It is therefore obvious that Wiedemanr himself did
not mean.anything definite by this sentence, rather the
““ loss of vis viva ” represents only the deus ex machina
which is to enable him to make the fatal leap from the-
old -contact theory to the chemical explanation of the
cwrent. In point of fact, the loss of vis wive has now
-performed its function and is dismissed ; henceforth
the chemical process in the battery has undisputed sway

L ¥, Hohlrausch has recently calculated (Wiedemann's .dnnalen,
VI p: 208) that *“ immense forces ™ are required to drive the ions through
the water solvent. To cause one milligram {o move through a distance .
of one millimetre requires an attractive foree which for H=32,500 kg.,
for C1=5,200 kg., henee for HC1=87,700 kg.—Even if these figures
are absolutely correct, they do not afiect what has heen said above.
But the caloulation contains the hypothetical factors hitherto inevitable
- in the sphere of eleotricity and therefore requires control by experiment.*
Such control sppears possible. In the first piace, these © immense

. forces  must reappear as a definite quantity of energy in the place
where they ave consuined, 7.c. in the above case in the battery. Secondiy,
the energy consumed by them must be smaller than that supplied by
the chemical processes of the battery, and there should be a definite
difference. Thirdly, this difference. must be used up in the rest of
the circuit and likewise be quantitatively demonstrable there. Oy
after confitmation by this control can the above figures be regarded as
finzl. The demonstration in the decomposition cell appears still more
susceptible of realisation. (Note by F. Engels.) ‘

* Actuully ihe hypothesis was incorrect. It is now believed thal
when HC is dissolved in water, it is almost completely broken up into
positive I1 jons and negative €1 fons, which do not require * immense

-Torces ” to drive them. Engels was fully justified in his scepticisr.

ELECTRICITY - 113

as the sole source of energy for current formation, and
the only remaining anxiety of our author is as to how he
‘can politely get rid from the current of the last relic of

excitation of electricity by the contact of chemica-lly_
indifferent bodi€s, namely, the force of separation active
at the place of contact of the two metals. o

Reading the above explanation of current forrgation
given by Wiedemann, one could believe oneself in the
presence of a specimen of the kind of apologia that wholly-
and half-credulous theologians of almost fol:ty years
ago employed to meet the philologico-historical bibie
criticism of Strauss, Wilke, Bruno Bauer, ete. The
method is exactly the same, and it is bound to be. S0,
For in both cases it is a question of saving the hemiggfe
of tradition from scientific thought. Exclusive empiri-
cismn, which at most allows thinking in the form of
mathematical calculation, imagines that it operates only
with undeniable facts. In reality, however, it operafes
predominantly with out-of-date notions, with i;hg
largely obsolete products of thought of its pl'edecessor§,
and such are positive and negative electricity, the electm}c
force of separation, the contact theory. These serve it

"as the foundation of endless mathematical calculstions

in which, owing to the strictness of the mathema,t'{cal
formulation, the hypothetical nature of the premises
gets comfortably forgotten. This kind of empiricism
i as credulous towards the rcsults of the thought of ifs
predecessors as it is sceptical in its attitude to t%]e results
of contemporary thought. For it the expt.arlmenta}ly
-established facts have gradually become msepa.ralf)le
from the traditional interpretation _associgted with
them ; the simplest electric phenomenon %s.Presentefl
falsely, e.g. by smuggling in the two electricifies ; this
empiricism cannot any longer describe the facts cc_)rrect]y,
because the traditional interpretation is woven inte the
description. In short, we have here in the field of the
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theory o_i: «electricity a tradition just as highly developed
as that in the field of theology. And since in both
fields the results of recent research, the establishment of

hitherto unknown or disputed facts and of the necessarily

following theoretical conclusions, run pitilessly counter
.to the old traditions, the defenders of these traditions

find themselves in the direst dilemma. They have to
resort to all kinds of subterfuges and untenable expedi- -

ents; to the glossing over of jrreconcilable contradictions,
and thus finally land themselves into a medley of conf
trtadictions from which they have no escape. It is this
fal.th in all the old theory. of electricity that entangles-
‘Wwdema,nn here in the most hopeless contradictions
_ 51n¥ply owing to the  hopeless ‘attempt to reconcilé'
- rationally the old explanation of the current by “ contact:
force,” with the modern cne by liberation of chemieal
energy. ' o
It will perhaps be objected that the above criticism:
?f Wiedemann’s explanation. of the ~current rests on
Juggling with words. It may be objected that, al-
though at the beginning Wiedemann expresses hirilself.
somewhat carelessly and -inaccurately, still he does
ﬁn.ally. give the correct account in accord with. the
principle - of the conservation of energy and so sets
everything right. As against this view, we give below
~another example, his description of the pProcess in the
battery : zine—dilute sulphuric acid—copper :

- *“ If, however, the two plates are joined by‘ a wire, a

galvanie current arises. . . . By the electrolytic process, . -

one equivalent of hydrogen is given off at t

plate from the water of the gdilute sulphtlllficc Ogggr_
this hydrogen escaping in bubbles. At the ziné'
there is formed one equivalent of oxXygen which’
o:_cldlses th_e zine to form zine oxide, the latter becoming
d_issolvgd in the surrounding acid to form sul hurio
zine oxade.” (I, pp. 592-3.) B P
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. To break up water into hydrogen and oxygen requires
an amount of energy of 69,924 heat-units for each
molecule of water. From where then comes the energy
in the above cell? *“ By the electrolytic process.”
And from where does the electrolytic process get it ?

No answer is given. : :
But Wiedemann further iells us, not once, but at least

- twice (I, p. 472 and p. 614), that “ according to recent

knowledge the water itself is not decomposed,” but that
in our case it is the sulphurie acid H,S0, that splits
up-into H, on the one hand and into SO;+0 on the
other hand, whereby under suitable conditions H,
and O can escape in gaseous form., But this alters the
whole nature of the process. The H, of the Hp50, is
directly replaced by the bivalent zine, forming zinc
sulphate, ZnS0,. There remains over, on the one side
H,, on the other SG;+0. The two gases escape in the
proportions in which they unite to form water, the 50,
unites with the water of the solvent to reform H,S80,,
.e. sulphuric acid. The formation of ZnSG,, however,
develops sufficient energy not only to replace and .
liberate the hydrogen of the sulphuric acid, but also to
leave over a considerabie ‘excess, which in our case is
expended in forming the current. Hence the zine does
niot wait until the electrolytic process puts free oxygen
at its disposal, in order first to become oxidised and
then to become dissolved in the acid. On the contrary,
it enters directly into the process, which only comes
into being at all by this participation of the zinc.

. We see here how obsolete chemical notions come to
the aid of the obsolete contact notions. According to
modern views, a salt is an acid in which hydrogen has
been replaced by a metal. The process under investi-
gation confirms this view ; the direct replacement of the
hydrogen of the acid by the zine fully explains the
energy change. The old view, adhered to by Wiede-
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mann, regards a salt as a compound of a metallic oxide
wrf:h an acid and therefore speaks of sulphuric zine
ox1df:' instead of zine sulphate. But to arrive at sul-
ph.urm zine oxide in our battery of zine and sulphuric
acid, :the‘ zine must first be oxidised. In order to oxidise
the zine fast emough, we must have. free oxygen. In

order to.get frecoxygen, we must assume—since hydrogen -

appears at the copper plate—that the water is de-
composed. In order to decompose water, we need
tremendous energy. How are we to get this ?  Simply
f‘ by-the electrolytic process ” which itself canmot come
into oper?,tion as long as its chemical end product, the
- sulphuric zine oxide,” has not begun to be formed.

The child gives birth to the mother. :
Consequently, here again Wiedemann puts.the whole-

course of the process absolutely the wrong way round

and upside down. And the reason is that he lumps
together active and passive electrolysis, two directly
opposite processes, simply as electrolysis.

- So far we have only examined the events in the battery

i.e. that process in which an excess of energy is. set fre;
by chemical action and is converted into electricity by
the arrangements of the battery. " But it is well known
that this process can also be reversed : the electricity
of a .constant current produced in the battery from
chemical energy. can, in its turn, be reconverted into
chemical energy in a decomposition cell inserted in the

circuit. The two processes are obviously the opposites

of each other; if the first is regarded as chemico-

electric, then the second is electro-chemical. Both ean

take place in the same circuit with the same substances.

Thus, the voltaic pile from gas elements, the current of

which is produced by the union of hydregen and oxygéli

to form water, can, in a decdmposition- cell inserted'
in the -circuit, furnish hydrogen and oxygen in the

proportion in which they form water. The usual mode
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of view lumps these two opposite processes together

under the single expression : electrolysis, and does not
even distinguish between active and passive electrolysis,
between an exciting liquid and a passive clectrolyte.
Thus Wiedemann treats of electrolysis in general for
143 pages and then adds at the end some remarks on
¢ electrolysis in the battery,” in which, moreover, the
processes in actual batteries only occupy the lesser part
of the seventeen pages of this section. Also in the
“ theory of electrolysis ” that follows, this contrast of
battery and decomposition cell is not even mentioned,
and anyone who looked for some treatment of the energy
changes in the circuit in the next chapter, ** the influence
of electrolysis on the conduction resistance and the
electromotive force in the circuit ” would be bitterly
disappointed. ' :

Let us now consider the irresistible * electrolytic
process ” which is able to separate Ho from O without
visible supply of energy, and which plays the same
role in the present section of the book as did previously
the ‘mysterious *“ electric force of separation.”

“ Besides the primary, purely electrolytic process of
separation of the ions, a quantity of secondary, purely
chemical processes, quite independent of the first, take
place by the action of the ions split off by the current.

" This action can take place on the material of the elec-

trodes and on the bodies that are decomposed, and in
the case of solutions also on the solvent.” (I, p. 481.)
Let us return to the above-mentioned battery: zinc
and copper in dilute sulphuric acid. Here, according
to Wiedemann’s own statement, the separated ions are
the H, and O of the water. -Consequently for him the
oxidation of the zinc and the formation of ZnS0, is a
secondary, purely chemical process, independent of the
electrolytic process, in spite of the fact that it is only
through it that the primary process becomes possible.
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Let us now examine somewhat in detajl the confusion

that must necessarily arise from this inversion of the .

true course of events,

Let us consider in the first place the so-called secondary
processes in the decomposition cell, of which Wiedemann:

puts forward some examples 1 {pp. 481, 482).

I. “The electrolysis of Na,SO, dissolved in water.
This ““ breaks up . . . into 1 equivalent of SO,-+O
: <and 1 equivalent’ of Na.... The latter, "

however, reacts. on the water solvent and splits
off from it 1 equivalent of H, while 1 equivalent of
sodium is formed and becomes dissolved in- the.
surrounding water.” ' R

The equation is o | o
Na;80,+2H,0=0+50;+2NaOH +2H.
In fact, in this example the decomposition

could -be regarded as the primary electro-chemical
process, and the further transformation ' : '

Na,+2H,0 =2NaHO +2H

as the secondary, purely chemical one. But this
secondary process is effected immediately at the electrode
where the hydrogen appears, the very considerable
quantity of energy (111,810 heat-units for Na, O, H, aq. -
according to Julius Thomsen) thereby liberated is
therefore, at least for the most part, converted into
clectricity, and only a portion in the cell is transformed:
directly into heat. But the latter can also happen to
the chemical energy dircetly or primarily liberated in
the batiery. The quantity of cnergy which has thus
~ It may be noted here once for all that Wiedemann employs
throughout the old chemical equivalent values, writing HO, Zn(),

vte. In my equations, the modern atomic weights are everyvwhere -
emiployed, putting, thercfore, H,0, ZnCl,, ete. [Note by F. Engels.]
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bécome available and converted into electricity, how-

ever, is to be subtracted from that which the current
has to supply for continued decomposition of the
Na,SO,. If the conversion of sodium into hydrated

“oxide ‘appeared in the first moment of the total process

as a secondary process, from the second moment on-
wards it becomes an essential factor of the total process

-and so ceases to be secondary.

But yet a third process takes place in this decom-

- position.cell : 8Oz combines with H,O to form H,S0,,

sulphurie acid, provided the SO; does not enter info

" combination with the metal of the positive electrode, in

which case-again energy would be liberated. 'But this
change does not necessarily proceed immediately at
the electrode, and consequently the quantity of energy
(21,8320 heat-units, J. Thomsen) thereby Iibt.erated
becomes converted wholly or mainly into heat in the
cell itself, and provides at most a very small portion
of the electricity . in the current. The only really
sceondary process occurring in this cell is therefore not
mentioned at all by Wiedemann.

- II. *If a solution of copper sulphate is electrolysed
between a positive copper electrode and a negative
one of platinum, 1 equivalent of copper separates out
for 1 equivalent of water decomposed at the negative
platinum electrode, with simultaneous decomposition-
of sulphuric acid in the same current circuit; at the
poSitive electrode, 1 equivalent of ‘SO4 should make its
appearance ; but this combines with the copper of ?he
electrode to form one equivalent of CuSO,, which
becomes dissolved in the water of the electrolysed

" solution.”

In the modern chemical mode of expression we hav?,
therefore, to represent the process as follows : copper is.
deposited on the platinum ; the liberated SO, which
cannot, exist by itself, splits up into SO3-+0, the latter
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escaping in the free state; the SO, takes up H,0 from
*I'fher aqueous solvent and forms H,S80,, which again
combines with the copper of the electrode to form

CuSO,, H. being set free. Accurately spesking, we -

have here three processes : (1) the separation of Cu

" Hy+CuS0,. It is natural to regard the first as primary
the two others as secondary. But if we inquire int(;
the energy changes, we find that the first process is

. complef.:ely compensated by a part of the third: the
separation of copper from SO, by the reuniting of both
at the othe%' electrode. If we leave out of account the
energy required for shifting the copper from one electrode
to the e.)ther, and likewise the inevitable, not accurately
tietermmable, loss of energy in the cell by conversion
into heat, we have here a.case where the so-called prima
process withdraws no energy from the current. T?é
current prc.)vides energy exclusively to make possible

. the separation of Hy and O, which moreover is indirect,

and this proves to be the real chemical result of the whole. .

" prom.:ess—hence, for carrying out a secondary, or even
tertiary, process.

Nevertheless, in both the above éxamples, as in other

cases also, it is undeniable that the distinction of primary -

and s?condary processes has a relative justification
Thus in both cases, among other things, water also is.
apparently decomposed and the elements of water given.
off at the opposite electrodes. Since, according to the
most recent experiments, absolutely pure water comes
as near as possible to being an ideal non-conductor,
pence also a non-electrolyte, it is important to show tha’;
in these and similar cases it is not the water. that is
directly electro-chemically decomposed, but that the
elemenjts of water are separated from the acid, in the
formation of which here it is true the water solvent
must participate. - '
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- IIR “If one electrolyses hydrochloric acid simul-
taneously in two U-tubes . . . using in one tube a

- . gine positive electrode and in the other tube one of
. copper, then in the first tube a quantity of zine

82.58 is dissolved, in the other a quantity of eopper -

2 X 827,

. For the time being let us leave the copper out of '

account and consider the zinec. The decomposition of

HCl is regarded here as the primary process, the solution

.of Zn as secondary. :

~ According to this conception, therefore, the current
brings to the decomposition cell from outside the energy
necessary for the separation of H and Cl, and after this
separation is completed the Cl combines with the Zn,
whereby a quantity of energy is set free that is subtracted
from that required for separating H and Cl; -the current
needs only therefore to supply the difference. So far
everything agrees beautifully ; but if we consider -the
two amounts of energy more closely we find that the
one liberated on the formation of ZnCl, is larger than
that used up in separating 2HCI; consequently, that
the current not only does not need to supply energy,
but on the contrary receives energy. We are no longer
confronted by a passive electrolyte, but by an exciting
fluid, not a . decomposition cell. but a baftery, which
strengthens the -current-forming voltaic pile' by a new
element ; the process which we are supposed to conceive
as secondary becomes .absolutely primary, becorsing the
source of energy of the whole process and making the

latter independent of the current supplied by the voltaic

pile.

~ We see clearly here the source of the whole confusion
prevailing in Wiedemann’s theoretical ~description.
Wiedemann’s point of departure is electrolysis ; whether
this is active or passive, battery or decomposition cell, is
all one to him : saw-bones is saw-bones, as the sergeant-
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major said to the doctor of philosophy doing his year’s
military = service.” And since it is easier to. study
electrolysis in the decomposition ¢ell than in the battery,
he does, in fact, take the decomposition cell as his point of
departure, and he makes the processes taking place in it,

and the partly justifiable division of them into primary

and - secondary, the measure of the altogether reverse
" processes in the battery, not even noticing when his
decomposition eell becomes surreptitiously transformed
into a battery. Hence he is able to put forward the
statement: *‘ the chemical affinity that the separated
substances have for the- electrodes has no influence on
_ the electrolytic process as such ¥ (I, p. 471), a sentence
which in this absoliltt: form, as we have seen, is totally
false. - Hence, further, his threefold -theory of current
formation : firstlv, the old traditional one; by means
of pure contact; secondly, that derived by means of
the abstractly conceived electric -force of separation,
which-in an inexplicable manner obtains for itself or
for the - “ electrolytic process ” the requisite energy
for splitting apart the H and Cl in the battery and for
forming a current as well; and finally, the modern,
chemico-electric theory which demonstrates the source
- of this energy in the algebraic sum of the chemical
reactions in the battery. Just as he does not notice that
-the second explanation overthrows the first, so also he
has no idea that the third in its turn overthrows the
second. On the. contrary, the principle of the conserva-
tion of energy is merely added in 2 quite superficial
way to the old theory handed down from routine; just
as a new geometrical theorem is appended to an carlier
one, He has no inkling that this principle makes
necessary a revision of the whole traditional point of
view in this as in all other fields of natural science,
Hence Wiedemann confines himself tonoting theprinciple
in his explanation of the current, and then calmly puts
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it ‘on one side, taking it up again only right at the-

end of the book, in the chapter on the work per-

formed by the current. Even in the theory of the

excitation of electricity by contact (I, p. 781 et seq.)
the conservation of energy plays. no role at. all n}n
relation to the chief subject dealt with, and is only

 incidentally brought in for throwing light on sub-.

sidiary matters: it is and remains a secondary.
rocess.” : ‘

d Let us return to the above exemple III. Thgre ti}e

same current was used to electrolyse hydrochloric acid

" in two U-tubes, but in one there was a positive electrode

‘of zine, in the other, the posit_ive eifactrode used was :af
copper. According to Faraday’s basic law of elev‘.z‘i:}:olyﬂ?ii
the same galvanic current decomgqseg in each :e
‘equivalent quantities of electrolyte, and the guant ;e_s
of the substances liberated at the two electrodes are a.t }slo
in proportion ‘to their equivglents (I, p. 470). In tite
above case it was found that in the first tube a quantity
of zine 32-53 was dissolved, and in the other a quantity -

- of copper 2x817. “ Nevertheless,” continues Wiede-

mann, “ this is no proof for the equivalegcc of thes;
values. They are observed only in !:he case o.f very wea
currents with the formation of -zine chlor}de ...on
the one hand, and of copper c}_ﬂorifle . . . on the other.
In the case of denser currents, with the same a.moun{’;_
of zine dissolved, the quantity of dissoive.d. copper 1sav01‘11(]1
sink with formation of increasing quantities of chloride
' 31.7.7 .

'Ii:, ;,p\:::)ll known that zine forms only a single com-
pound with chlorine, ‘zinc chloride, ZnCl; ‘copper'on.
the other hand forms two compounds, cupric chlomde,:
CuCl,, and cuprous chloride, Cu,Cl;. Hence the process
is that the weak current splits off two copper ff.tor;lls
from: the electrode for each tvifo chlorine atom§,‘ tt e
two ccpper atoms remaining umtfed by one of their two
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valencies, while their two free valencies unite with the
two chlorine atoms : . : ‘

(fu—Cl
o Cu—Cl
. On‘ the other hand, if the current becomes stronger; it
sp1_1t's the copper atoms apart altogether, and each :me'
unites with two chlorine atoms. : o
7
- Cu
. . Cl :
In the case of currents of medium strength, both com-
pounds are formed side by side. Thus it is solely the
strengthof thecurrent that determinesthe formation of one
or the other compound, and theréefore the process is essenti-
ally electro-chemical, if this word has any meaning at all,
Nevertheless Wiedemann declares explicitly that it xs
secondary, hencenot electro-chemical, but purely chemical
. The above experiment is one performed by Renauli;
..(18_67) and is one of a whole series of similar expeﬁments
in which the same current is led in one U-tube through
salt solution (positive eIectrode—«zinc),' and in another’
cell through a varying electrolyte with various metals
as- the positive electrode. The amounts of the other
metals dissolved here for each equivalent of zine diverged
very considerably, and Wiedemann gives the results of
the whole series of ‘experiments which, however, in

point of fact, are mostly self-evident chemically and’

c?uld not be otherwise. Thus, for one equivalent of
zine, only two-thirds of an equivalent of gold‘i‘s dissolved
in h'ydroehloric acid. This can only ei}')pear remarkable
lf, -hke Wiedemann, one adheres to the old equivalent
welgth and writes ZnCl for zine chloride, according
| to w}.uch both the chlorine and the zine appear in the
chloride ‘with only a single valency.  In reality two
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chlorine atoms are included to one zine atom, ZnCl,,

‘and as soon as we know this formula we see at once that

in the above determination of equivalents, the .chlorine
atom is to be taken as the unit and not the zine atom.
The formula for gold chloride, however, is AuCl,, from
which it is at once seen that 8ZnCl,; contains exactly
as much chlorine as 2AuCly, and so all primary, secondary,
and tertiary processes in the battery or cell are compelled

'to transform, for each part by weight 1 of zin¢ converted

into zinc chloride, neither more nor less than two-thirds

‘of a part by weight of gold into gold chloride. This

holds absolutely unless  the compound AuCl;? also
could be prepared by galvanic means, in which case
two equivalents of gold even would have to be dissolved
for one equivalent of zinc, when also similar variations
aceording to the current strength could occur as in the
case of copper and chlorine mentioned above. The
value of Renault’s researches consists in the fact that
they show how Faraday’s law is confirmed by facts that
appear to contradict it. But what they are supposed to
contributé in throwing light on secondary processes in
electrolysis is not evident..

Wiedemann’s third example led us again from the
decomposition cell to the battery, and in fact the battery
offers by far the greatest interest when one investigates
the electrolytie processes in relation to the transforma-
tions of energy taking place. Thus we not infrequently
encounter batteries in which the chemico-electric pro-
cesses seem to take place in direct contradiction to the
law of the conservation of energy and in oppesition to
chemical affinity. . :

According to Poggendorff’'s measurements, the
battery : zinc—concentrated salt solution—platinurh,

.1 As it stands this is untrue. Probably * part by weight™ is a
slip of Engels’ pen for * equivalent by weight * or some such phrase,
2 Again this does not make sense as it stands. Presumably Engels
meant to refer to a hypothetical AuCL :
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provides' a current of strength 1846, Hence we hav.e-

here quite a respectable quantity of electricity, -one-

third more than in the Daniell cell. What is the source

2f t'he energy appearing here as electricity ? The
primary "’ process is -the replacement of sodium in
. “the (_3hlorine compound by zine, But in ofdinary
chemistry it is not zine that replaces sodium, but vice
versa, sgdium replacing zine from chlorine and othei?
compounds. - The “ primary " process, far from being
- able to give the current the above quantity of energy.
on t?le contrary requires itself a supply of energy 'frorx;
outside in order to come into being, Hence, with the
mere “ primary  process we are again at a standstill.
_Let us look, therefore, at the real process, . We find that.
the change is not : o '
Zn +4-2NaCl=ZnCl,+2Na, .
| Zn +2NaCl+2H,0 =2ZnCl,+2NaOH L H,,
.. In other words, the sodium is not split off in the 'f.réé
sta."ce at the negative electrode, but forms a hydroxide
as in the above example I (pp. 118-119). To calculate
the energy changes taking place here, Julius Thomsen’s
determmations provide us at least with certain importan't.
data. According to them, the energy liberated on

combination is as follows ;

. (ZnCly)=97,210, (ZnCls, aqua)=15,680,
making a total for dissolved s

zine chloride S =112,34O heat-units.
2 (Na, O, H; aqua) = =228,620 ,,
4 : . C oy B 1
L 836,460 ,,

Deducting consumption of energy on the separations :
;(Ilga,gl, aq.) - ST =2198,020 heat-units.

(H.,0) - - . S =136720 ., =
. - o 829,740

I T

.The excess of liberated éner_gy equals 6,720 heat-units
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This amount is obviously small for the current strength
obtained, but it suffices to explain, on the one hand, the
separation of the sodium from chlorine, and on the other
hand, the current formation in general. - :

We have here a striking example of the fact that the
distinction of primary and secondary processes is purely
relative and leads us ad absurdum as soon as we take it
absolutely. The primary electrolytic process, taken
alone, not only cannot produce any current, but cannot
even take place itself. It is only the secondary,.
ostensibly purely chemical process that makestheprimary
one possible and, moreover, supplies the whole surplus
energy for current formation. In reality, therefore, it
proves to be the primary process and the other the
secondary one. When the rigid differences and opposites, -
as imagined by the metaphysicians and metaphysical
natural scientists, were dialectically reversed into their
opposites by Hegel, it was said that he had twisted the
words in ‘their mouths. But if nature itself proceeds
exactly like old Hegel, it is surely time to examine the
matter more closely.

" With greater justification one can regard as secondary -
those processes which, while taking place én consegquence of

the chemico-electric process of the battery or the electro-

chemical process of the decomposition cell; do so inde-

pendently and separately, occurring therefore at the
same distance from the electrodes. The energy changes

taking place in such secondary processes likewise do not

enter into the electric process; directly they neither

withdraw encrgy from it nor supply energy to it. Such

processes occur very frequently in the decomposition

cell; we saw an instance in the example I above on the

formation of sulphurie acid during electrolysis of sodium

sulphate. “They are, however, of lesser interest here..
"Their occurrence in the battery, on the other hand, is of

- greater practical imiportance. For although they do
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not directly supply energy to, or withdraw it from, the
chemico-clectric process, nevertheless they alter the
total available energy present in the battery and thus
affect it indirectly. ' o

There belong here, . besides subsequent  chemical
changes of the ordinary kind, the phenomena that occur.
when the ions are liberated at the electrodes in a different
condition from that in which they usually occur in the:
free state, and when they pass over to the latter only.
after moving away from the electrodes. In such cases

* the ions can assume a different density or a different

state of aggregation. They can also undergo considerable
_ changes in regard to their molecular constitution, and:
 this ease is the most interesting. In all these cases, an.

analogous heat change corresponds to the secondary
chemical or physical change of the ions taking place at a
certain distance from the electrodes; usually heat is
set free, in some eases it is consumed. This heat change
is, of course, restricted in the first place‘tlo the plate

. where it occurs : -the Hquid in the battery or decomposi-

tion cell becomes warmer or cooler while the rest of the.
cireuit remains unaffected. Hence this heat is called
local heat. The liberated chemical energy available
for conversion into electricity is, therefore, diminished:

" or increased by the equivalent of this positive or negative

local heat produced in the battery. According to Favre,
in a battery with hydrogen peroxide and hydrochlorie
acid two-thirds of the total energy set free is consumed
as local heat ; the Grove cell, on the other hand, on
closing the' circuit became considerably cooler and
‘therefore supplied energy from outside to the circuit by
absorption of heat. Hence we see that these secondary
processes also react on the primary one. We can
make whatever approach we like; the distinetion between
primary and secondary processes remains merely a
relative one and is regularly suspended in the interaction
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such relative opposites treated as absolute, one finally
gets hopelessly involved in contradictions, as we have
seen above. : ' o N o

As is well known, on the electrolytic separation of
gases the metal elecirodes become covered with a thin
layer of gas; in comsequence the current strength
decreases until the electrodes are saturated with gas,
whereupon the weakened current again becomes constant.
Favre and Silbermann have shown that local heat arises
also in such a decomposition cell ; this local heat, there-
fore, can, only be due te the fact that the gases are not
liberated at the electrodes in the state in which they
wsually oceur, but that they are only brought into their
‘usual state, after their separation from the electrode, by
a further process bound up with the development of
hest. But what is the state in which the gases are
given off at the electrodes ? It is impossible to express
oneself more cautiously on this than Wiedemann does.
He térms it © a certain,” an © allotropic,” an “ active,” '
and finally, in the case of oxygen, ‘several times -an
“ ozonised ** state. In the case of hydrogen his state-
ments are still more mysterious. Incidentally, the
view comes out that ozone and hydrogen peroxide
are the forms in which this  active ’ state is realised.
Our author is so keen in his pursuit of ozone that he
even explains the extreme electro-negative properties of

. certain peroxides from .the fact that they possibly

“ contain a part of the oxygen in the ozonised state!”’

(I, p. 57.) Certainly both ozone and hydrogen peroxide
are formed on the so-called decomposition of water, but .

only in small quantities. There is no basis at all for
assuming that in the case mentioned local heat is pro-
duced first of all by the origin and then by the decom-
position of any large quantities of the above two
compounds. We do not know the heat of formation

5

"
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of ozone, O,, from free oxygen atoms. According to
Berthelot the heat of formation of hydrogen peroxide
from H;0 (liquid)+0=—21,480; the origin of this
compound in any large amount would therefore give
rise to a large excess of energy (about 30 per cent. of
the energy required for the separation of H, and ),
which could not but be evident and demonstrable,
- Finally, ozone and hydrogen petoxide would only take
oxygen into- account (apart from current reversals,
where both gases would come together at the same
electrode), but not hydrogen. Yet the latter also escapes

in an “ active ” state, so much so that in the combina-.

tion: potassium nitrate solution between platinum

electrodes, it combines directly with the nitrogen split

off from the acid to form ammonia.

In point of fact, all these difficulties and doubts have

no existence. The electrolytic process has no monopoly
of splitting off bodies “in an active state.” Every
chemical decomposition does the same thing. It splits

off the liberated chemical elements in the first place in

the form of free atoms of O, H, N, ete., which only after
their liberation can unite to form molecules, O3, Hy, N,
ete., and on thus uniting give off a definite, though up-to-
now still undetermined,! quantity of energy which
appears as heat. But during the infinitesimal moment
of time when.the atoms are free, they are the bearers
of the total quantity of energy that they can take up at
all ; while possessed of their maximum energy they are
free to enter into any combination offered them. Hence
they are “ in an aective state " in contrast to the mole-
cules O, H,, N,, which have already surrendered a part
of this energy and cannot enter into combination with
other elements without this quantity of energy surren-

“1'This quantity has now not oﬁly been determined but utilised.
Thus if the hydrogen is previously split into atoms, the ordinary ox)-
hydrogen tlame can be made a great deal hotter.
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dered being re-supplied from outside. We have no
need, therefore, to resort to ozone and hydrogen per-
oxide, which themselves are only produets of this active
state. For ‘instance, we can undertake the above-
mentioned formation of ammonia on electrolysis of
potassium nitrate even without a battery, simply by
chemical means, by adding to nitric acid or a nitrate
solution a liquid in which hydrogen is set free by a
chemical process. In both cases the active state of
the hydrogen is the same. But the interésting point
about the electrolytic process is that here the transitory

- - existence of the free atoms becomes as it were tangible.
" The process here is -divided into’ two phases: the

electrolysis provides free atoms at the electrodes, but
their combination to form molecules occurs at some
distance from the electrodes. However mﬁmteslmally
minute this distance may be compared to measurements
where masses are concerned, it suffices to prevent the

"energy liberated on formation of the molecules being

used for the electric process, at least for the most part,
and so determines its conversion into heat—the local
heat in the battery. But it is owing to this that the
fact is established that the elements are split off as free

" atoms and for a moment have existed in the battery as

free atoms. This fact, which in pure chemmtry ean
only be established by theoretical conclusions,! is here
proved experimentally, in so far as this is possible
without sensuous perception of the atoms and molecules
themselves. Herein lies the high scientific importance
of the so-called local heat of the battery.-

The conversion of chemical energy into electricity by
means of the battery is a process about whose course
we know next to nothing, and which we shall get to-
know in more detail only when the modus operandi .
of electric motion itself becomes better known. -

* It has since been proved experimentally.
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‘The ba.ttery has ascribed to it an ** electric force of
separation-” which is given for each particular battery.

As we saw at the outset, Wiedemann conceded that this
electric force of separation is not a definite form of
energy. On the contrary, it is primarily nothing more.

than the capacity, the property, of a battery to convert

a definite quantlty of liberated’ chemical energy into .

electricity in unit time. Throughout the whole course
of events, this chemical energy itself never assumes the
form of an “ electric force of separation,” but, on the

- contrary, at once and iminediately takes on the form of

so-called * electromotive force * 7.e. of electric motion.
If in ordinary life we speak of the force of a steam engine
in-the sense that it is capable in-unit time of converting

" a definite quantity. of heat. into the motion of masses,

this is not a reason for introducing the same confusion

“of ideas into scientifie thought also. We might just as

well speak of the varying force of a pistol, a carbine,
a smooth-bored gun, and a blunderbuss,; because;, with

X equal gunpowder charges and projectiles of equal weight, -
they shoot varying distances. But here the wrongness -

of the expression is quite obvious. Everyone knows
that it is the: ignition of the- gunpowder charge that
drives the bullet, and that the varying range of the
weapon is only determined by the greater or lesser dissi-
pation of energy according to-the length of the barrel,
the form of the projectile, and the tightness of its fitting,
But it is the same for steam power and for the electrie
force of separation. Two steam engines—other con-
ditions being equal, ¢.e. assuming the quantity of energy
liberated in equal periods of time to be equal in both—

or two galvanic batteries, of which the same thing holds

good; differ as regards performance of work only owing
to their greater or lesser dissipation of energy. "And if

until now all armies have been able to develop the

techmque of firearms without the assumption of a

“foree of separation ” analogous to this shooting force,
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specla.l shooting force of weapons, the science of electricity i
has. absolutely no excuse for assuming an * electric .

a force which embodies absclutely no energy and which’
therefore of itself cannot perform a millionth of a milli-
gram- -metre of work.

The same thing holds good for the second form of this
““ force of separation,” the * electrie foree of contact of
metals ”’ mentioned by Helmholtz. It is nothing but
the property of metals to convert on their contact the
existing energy of another form into electricity. Hence

it is hkemse a force that does not contain a particle of .

energy. If we assume with Wledemann that the source
of energy of contact electricity lies in the vis viva of the
motion of adhesion, then this energy exists in the first
place in the ferm of this mass motion and on its vanishing
becomes converted immediately into electric motion,
without even for a moment assuming the form of an

*¢ electric force of contact.”

- And now we are assured in addltlon tha.t the electro-
motive force, ¢.e. the chemical energy, reappearing as
electric motion is proportional to this “ electrie force of
separation,” which not only contains no energy, but
owing to the very conception of it cannot contain any !
This proportionality between non-energy and energy
obviously belongs to the same mathematics as that in

‘which there figures the “ ratio of the unit of electricity
to.-the milligram.” But the absurd form, which owes
its.existence only to the conceptlon of a simple property

as a mystical force, conceals a quite simple tautology :

the capacity of a given battery to convert liberated
chemical energy into electricity is measured—by what ?
By the quantity of the energy reappearing in the circuit
as electricity in relation to the chemical energy consumed

. in the battery. That is all.

In order to arrive at an electric. foree of separation,
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oné must take seriously the device of the two electric
fluids. 'T'o convert this from its neutrality to its polarity,

hence to split it apart, requires a certain expendi-

ture of energy—the electric force of separation.. Once

.separated, the two electricities can, on being reunited,

again give off the same quantity of energy—electro-
motive force. But since nowadays no one, not even

Wiedemann, regards the two  eleciricities as having -

a real existence, it means that one is ‘writing for a
defunct pubhc if one deals at length with such a point

of view.

The basic error of the contact theory consmts in the

' fact that it cannot divorce itself from the idea that

contact force or electric force of separation is a source
of energy, which of course was difficult when the mere
capacity of an apparatus to bring about transformation
of energy had been converted into a force ; for indeed, a

force ought precisely to be a definite form of energy.

Because Wiedemann cannot rid himself of this unclear
‘notion of force; although alongside of it the modern ideas

of indestructible and uncreatable’ energy have been

forced upon him, he falls into his nonsensical explana-
tion of the current, No. 1, and into all the later demon-
strated contradictions.

If the expression “ clectric force of separatmn 15
dlrectly contrary to reason, the other * electromotive

- force ” is at least superfluous. We had heat engines

long before we had electro-motors, and yet the theory
of heat has been developed quite well without any“speclal
thermo-motor force. Just as the simple expression heat
includes all phenomena of motion that belong to this
form of energy, so also can the expression electricity in

its own sphere. Moreover, very many forms of action -

of electricity are not at all directly * motor ”: the
magnetxsatlon of iron, chemical decomposition, con-
version into heat. And finally, in every natural science,
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.. even in mechanics, it is always an advance if the word
- ¢ force can somehow be got rid of.!

We saw that Wiedemann did not accept’ the chemical

" explanation of the processes in the battery without a

certain reluctance, This reluctance continually attacks
him; where he can blame anything on the so-called
chemieal theory, this is certain to occur. Thus, **it is
by no means established that the electromotive force is
proportional to the intensity of chemical  action.”
(I, p. 791.) Certainly not in every case ; but where this
proportionality does not occur, it is only a proof that the
battery has been badly constructed, that dissipation of
energy takes place in it. For that reason Wiedemann
is quite right in paying no attention in his theoretical
deductions to such subsidiary circumstances which
falsify the purity of the process, but in simply assuring
us that the electromotive foree of a cell is equal to the
mechanical equivalent of the chemical action taking
place in it in unit time with unit intensity of current.
In another passage we read :

“ That further, in the acid-alkali battery, the
combination of acid and alkali is not the cause of
current formation follows from the experiments
paragraph 61 (Becquerel and Fechner), paragraph 260 .
(Dubois-Reymond), and paragraph 261 (Worm-Miiller),

~according to which in certain cases when these are

present in equivalent quantities no current makes its
appearance, and likewise from the experiments
(Henrlcl) -mentioned in paragraph 62, that on inter-
posing a2 solution of potassium nitrate between the
‘potassium hydroxide and nitric acid, the electromotive
force makes its- appearance in the same way as
without this interposition.” ( I p. 791} '

t This statement has been very fully confirmed by the progress of
physies in the last fifty years. It is interesting to note that idealistic
writers have used this disappearance of the notion of force as an
argument that materialism is being refuted !
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The question whether the combination of scid and '.
alkali is the cause of curreni formation is a matter of

‘very serious concern for our author. Put in this form
it is very easy to answer, The combination of acid and
alkali is first of all the cause of a salt being formed with
liberation of energy. Whether this energy wholly or
partly takes the form of electricity depends on the
circumstances under Whi'ch-it is liberated. For instance,
in the battery : - nitric acid and potassium hydroxide

~ between platinum electrodes, this will be at least partially
the case, and it is a matter of indifference for the forma-.
© tion of the current whether a potassium nitrate solution

is interposed between the acid and alkali or not, since
this can at most delay the salt formation but not
prevent it. If, however, a battery is formed like one of
Worm-Miiller’s, to which Wiedemann constantly refers;

where the acid and alkali solution is in the middle, but &

solution of their salt at both ends, and in the'same con~

‘centration as the solution that is formed in the battery,
then it is obvious that no current can arise, because

on account of the end members—since everywhere
identical bodies are formed—no ions can be produced.
Hence the conversion of the liberated energy into
electricity has been. prevented in as direct a manner
as if the cireuit had not been closed ; it is therefore not
to be wondered at that no current is obtained. But
that acid and alkali can in general produce a current is
proved by the battery: carbon, sulphuric acid (one
part in ten of water), potassium hydroxide {one part in
ten of water), carbon, which according to Raouilt has a
current strength of 73.1 And that, with suitable
arrangement of the battery, acid and alkali can provide
a current strength corresponding to the large quantity

* of energy set free on their combination, is seen from the

! In all the following data relating fo current strength, the Danielt
cell is put=100. ' [Nole by F. Engels.] o : TR
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fact that the most powerful batteries known depend
almost exclusively on the formation of alkali salts, e.g.
that of Wheatstone: platinum, platinic chloride,
potassium amalgam—current strength 230; lead per-
oxide, dilute sulphuric acid, potassium amalgam =326 ;
manganese peroxide instead of lead peroxide=280;
in each case, if zinc amalgam was employed instead of
potassium amalgam, the current strength fell almost

" exactly by 100. Similarly in the battery : manganese

dioxide, potassium permanganate solution, potassium
hydroxide, potassium, Beetz obtained the current
strength 802, and further: platinum, dilute sulphuric
acid, potassium=293-8; Joule: platinum, nitric acid,
potassium  hydroxide, potassium amalgam=302. The
“ cause ”* of these exceptionally strong current strengths
is certainly the combination of acid and alkali, or alkali
metal, and the large quantity of energy thereby liberated.
A few pages further on it is again stated : -

“ It must, however, be carefully borne in mind that
‘the equivalent in work of the whole chemical action
taking place at the place of contact of the hetero-

. geneous bodies is not to be directly regarded as the
measure of the electromotive force in. the circuit.
When, for instance, in the acid-alkali battery (iferum
Crispinus!) of Becquerel, these two substances
combine, when carbon is consumed in the battery:

- platinum; molten potassium nitrate, carhon, when the
‘zine is rapidly dissolved in an ordinary cell of copper,
impure zine, dilute sulphuric acid, with formation of
local currents, then a large part of the work produced
(it should read : energy liberated) in these chemical
processes . . . is converted into heat -and is thus
lost for the total current circuit.” (I, p. 798.)

All these processes are to be referred to loss of energy in
the battery ; they do not affect the fact that the electric
motion arises from transformed chemical energy, but
only affect the quantity of energy transformed.

K*



138 DIALECTICS OF NATURE

Electricians have devoted an endless amount of time
and trouble to composing the most diverse batteries
and ~measuring their ““electromotive force.” The
experimental material thus accumulated contains very
much of value, but certainly still more that is valueless.
For instance, what is the scientific value of experiments

in which “ water ” is employed as the electrolyte, when, -

as has now been proved by F. Kohlrausch, water is the
~ worst conductor and therefore also the worst electrolyte, !

and where, therefore, it is not the water but its unknown -

impurities that - caused the process? And yet, for
instance, almost half of all Fechner’s experiments depend

on such employment of water, even his * experimentum

crucis,” by which he sought to establish the contact
theory impregnably on the ruins of the chemieal theory.
As’is already evident from this, in almost all such experi-

ments, a few only excepted, the chemical processes in
the battery, which however form the source of the so- -

called electromotive force, remain practically disregarded.
There are, however, a number of batteries -whose
chemical composition does not allow of any certain
conclusion being drawn as to the chemical changes
proceeding in them when the eurrent circuit is closed.

On the contrary, as Wiedemann (I, p. 797) says, it is

“ not to be denied that we are by no means in all cases
able to obtain an insight into the chemical attractions
in the battery.”- Hence, from the ever more 1mportan’c
_ chemical aspect, all such experiments are valueless in
so far as they are not repeated with these processes under
control.

In these experiments it is indeed only quite by way of

! A column of the purest water prepared by Kohlrausch 1 mm. in
length offered the same resistance as a copper eonduetor of the same:
diameter and a length approximately that of the méon’s orbit. Nau-

!jElam'i; }Allgemmne Chemie [General Chemtstry], p. 729.% [Note by F.
nge

#* Appendix II, p. 335.
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‘exception that any account is taken of the energy changes

taking place in the battery. Many of them were made
before the law of the equivalence of motion was recog-
nised in natural science, but as a matter of custom

- they continue to be dragged from one textbook into

another without being controlled or their value surnmed
up. It has been said that eleciricity has no inertia
(which has about as much sense as saying velocity has
no specific gravity), but this certainly cannot be said of

. the theory of electricity.

So far, we have regarded the galvanic cell as an arrange-
ment in which, in consequence of the contact relations
established, chemical energy is liberated in some way

- for the time being unknown, and converted into elec-

tricity. We have likewise described the decomposition
cell as an apparatus in’ which the reverse process is set
up, electric motion being converted into chemical
energy and used up as such.- In so doing we had to put
in the foreground the chemical side of the process that
has been so much neglected by electricians, - because
this was the only way of getting rid of the lumber of
notions handed down from the old contact theory and
the theory of the two electric fluids. This once accom--
plished, the question was whether the chemical process
in the battery takes place under the same conditions as
outside it, or whether special phenomena make their
appearance that are dependent on the electric excitation.

In évery science, incorrect notions are, in the last
resort, apart from errors of observation, incorrect notions
of correct facts. The latter remain even when the former
are shown to be false. Although we have discarded the
old contact theory, the established facts remain, of

" which they were supposed to be the explanation. Letus

consider these and with them the electric aspect proper
of the process in the battery.
Tt is not disputed that on the contact of heterogencous
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bodies, with or without chemical changes, an excitation

of electricity oceurs which can be demonstrated by means
of an electroscope or a galvanometer. Aswe have already

seen at the outset, it is difficult to establish in a particular -

battery the source of energy of these in themselves
extremely minute phenomena of motion ; it suffices that
the existence of such an external source is generally
conceded. '
In 1850-53, Kohirausch published a series of experi-
ments in which he assembled the separate components
~ of a battery in pairs and tested the static electric stresses
produced in each case; the electromotive force of the
cell should then be composed of the algebraic sum of

‘these stresses. Thus, taking the stress of Zn/Cu=100, .’
he caleulates the relative strengths of the Damell and '

) Grove cells as follows :

For the Danieli cell :
Zn/Cu+amalg.Zn/H,S0, —j—Cu/SO4—100 4149 21 ~—228

For the Grove cell : :
- ImfPt +amalg Zn/H2S04 +Pt/IEEN Oy —107 +-149 -[-—149 =
405

which cIosely agrees with the direct measurement of :

the current strengths of these cells. These results;
hlowever, are by no means certain. In the first place,
Wiedemann himself calls attention to the fact that
Kohirausch only gives the final result but “ unfortu-
nately no figures for the results of the separate experi-
ments.” In the second place, Wiedemann himself
repeatedly recognises that all attempts to determine
quantitatively the electric excitation on contact of
metals, and still more on contact of metal and fluid,

are at least very uncertain on account of the numerous
unavoidable sources of error. If, nevertheless, he
repeatedly uses Kohlrausch’s figures in his caleulations,
we shall do better not to follow him here, the more so
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as another means of determination is available which

- is not open to these objections.

- If the two exciting plates of a battery are immersed
in the liquid and then joined into a cirenit by the
terminals of a galvanometer, according to Wiedemann,
“ the initial deflection of its magnetic needle, before
chemical changes have altered the strength of the
electric excitation, is a measure of the sum of electro-

‘motive forces in the circuit.’” Batteries of various

strengths, therefore, give initial deflections of various
strengths and the magnitude of these initial deflections
is proportional to.the current strength of the corre-
sponding batteries.

It looks as if we had here tangibly before our eyes the
“ electric force of separation,” the * contact force,”
which causes motion mdependently of any chemieal
action. And. this in fact is the opinion of the whole
contact theory. - In reality we are confronted here by a
relation between electric excitation. and chemical
action that we have not yet investigated. In order to
pass to this subject, we shall first of all examine rather
more closely the so-called electromotive law; in so
doing, we shall find that here also the traditional
¢ontact notions not only provide no explanation, but
once again directly bar the way to an explanation.

If in any cell consisting of two metals and 2 liquid,

_ e.g. zinc, dilute hydrochloric acid, and copper, one inserts

a third metal such as a platinum plate, without con-
necting it to the external circuit by a wire, then the
initial deflection of the galvanometer will be exactly
the same as without the platinum plate. Consequently
it has no effect on the excitation of electricity. - But it
is not permissible to express this so simply in electro-
motive Ianguage Hence one reads:
“ The sum of the electromotive forces of zine and
platinum and platinum and copper now takes the
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place of thc electromotive force of zinc and copper in
" the liquid. Since the path of the electricities is not
perceptibly altered by the insertion-of the platinum
piate, we can conclude from the identity of the galvano-
meter readings i the two cases, that the electromotive
furee of zine and copper in the liquid is equal to that

of zine and platinum plus that of platinum and copper

in. the same liquid. This would correspond to Volta’s
theory of thé excitation of electricity between the

- metals as such. The result, which holds good for all
liquids and metals, is expressed by saying: On
their electromotive excitation. by liquids, - meta.ls

. follow the law of the voltaic series. This law is also
given the name of the electromotive law. » (Wiedemann,
I, p. 62)

In saying that in this combination the platinum does
not act at all as an exciter of electricity, one expresses
what is simply a fact. If one says that it does act as
an exciter of electricity, but in two opposite directions
with equal strength so that the effect is neutralised, the
. fact is converted into a hypothesis merely for the sake
of  doing honour to the * electromotive force.” In
both cases the platinum plays the role of a fictitious
person,

During the first deflection there is still no closed
circuit. The acids, being undecomposed ! do not
conduct ; they can only conduct by means of the ions.

¥ the third metal has no influence on the first deflection,
this is simply the result of the fact that it is stlll

isolated.
How does the third metal behave after the establlsh-
ment of the constant current and durmg the latter ?

In the voltaic series of metals in most liquids, zinc -

lies after the alkali metals fairly close to the positive
end and plat:num at the negative end, copper being

1 This statement is in acoord with theory fifty years ago, but in-
oorrect.

-completes the apparatus.

.is not chemically altered ;
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between the two. Hence, if platinum is put as above
between copper and zinc it is negative to them both.
If the platinum- had any effect at all, the current in
the liquid would have to flow to the platinum both from
the zinc and from the copper, that is away from both
electrodes to the unconnected platinum ; which would
be a coniradictio in adjectio. 'The basic. condition for

‘the action of several different metals in the battery

consists precisely in their being connected among them-
selves externally to the circuit. An unconnected, super-
fluous metal in the battery acts as a non-conductor; it
can neither form ions nor allow them to pass through,
and without ions we know of no conduction in electro-

‘lytes. Hence it is not merely a fictitious person, it

even stands in the way by forcing the ions to go round it.

The same thing holds good if we connect the zinc and
platinum, leaving the copper unconnected in the middle ;
here the latter, if it had any effect at all, would produce
a current from the zinc to the copper and another from
the copper to the platinum ; hence it would have to
act as a sort of intermediary electrode and give off
hydrogen on the side turned towards the zine, which
again is impossible.

If we discard the traditional electromotlve mode of
expression’ the case becomes extremely simple. As
we have seen, the galvanic battery is an apparatus in
which chemical energy is liberated and transformed into
electricity. It consists as a rule of one or more liguids
and two metals as electrodes, which must be connected
together by a conductor outside the liquids. This
Anything else that is dipped
unconnected” into the exciting liquid, whether metal,

glass, resin, or whatever you like, cannot participate in -

the chemico-electric process taking place in the battery,
in the formation of the current, so long as the liquid
it can at most hinder the
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process.. Whatever the capacity for exciting electricity
of a third metal dipped into the liquid may be, or that of

- one or both electrodes of the battery, it cannot have any .
effect so long as this metal is not connected to the cu-cult '

outside. the liquid.

Consequently, not only is VVledemann s demvataon,
as given above, of the so-called electromotive law false,
but the interpretation which he gives to this law is also

false. One can speak neither of a compensating electro-

motive activity of the unconnected metal, since the sole
condition for such activity is cut off from the outset;
nor can the so-called electromotive law be deduced from
‘a-fact which lies outside the sphere of this law.

In 1845, old Poggendorff published a series of experi-
ments in which he measured the electromotive force of
various batteries, that is to say the quantity of elec-
tricity supplied by each:of them in unit time.l . Of
these experiments, thé first twenty-seven are of special
value, in each of which three given metals were one
after another connected in the same exciting liquid to

three different batteries, and the latter investigated

and compared as regards the quantity of electricity
produced. As a good adherent of the contact theory,
Poggendorff also put the third metal unconnected in the
battery in each expenment and so had the satisfaction
of convineing himself that in all eighty-one batteries this
third metal remained a pure inactive element in- the
combination. But the significance of these experiments
by no means consists in this fact but rather in the
confirmation and establishment of the correct meanmg
of the so-called electromotive law.

Let us consider the above series of batteries in which
" zine, copper, and platinum- are connected together in
palrs in dllute hydrochlorlc acid. Here Poggendorff

1 This is, of course, not electromotive foree in the medern sense af {:he
term. .
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found the quantities of electricity produced to be as
follows, ta,kmg that of a Daniell cell as 100 :

. Zinc-copper ... .. 188

- Copper-platinum .. 748

Total - .. .. 1581
Zine-platinum .. o188

Thus, zinc in direct eonnection with platinum produced
almost exactly the same quantity of electricity as zinc-
copper copper-platinum. The same thing occurred in
all other batteries, whatever liquids and metals were
employed. When, from a series of metals in the same
exciting liquid, batteries were formed in.such a way
that in each case, according to the voltaic series valid
for this liquid, the second, third, fourth, etc., one after

“the other were made to serve as negative electrodes for

the preceding one and as positive electrodesfor that which
followed, then the sum of the quantities of electricity
produced by all these batteries is equal to the quantity
of electricity produced by a battery formed directly
between the two end members of the whole metallic
series. For instance, in dilute hydrochloric acid the
sumn total of the quantities of electricity produced by

- the batteries zinc-zine, zinc-iron, iron-copper, copper-

silver, and silver-platinum, would be equal to that
produced by the battery : zinc-platinum. -A pile formed
from all the cells of the above series would, other things
being equal, be exactly neutralised by the introduction
of a zine-platinum cell with a current of -the opposn:e
direction.

In this form, the so-called electromotive law has a
real and considerable significance. It reveals a new
aspect of the inter-connection between chemical and
clectrical action. Hitherto, on investigating mainly
the source of energy of the galvanic current, this source,
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the chemical change,- appeared as the active side of
the process; the electricity was produced from it and

therefore appeared primarily as passive. Now this is

reversed. The electric excitation determined by the

constitution of the heterogeneous bodies put into contact

in the battery can neither add nor subtract energy from
the chemical action (other than by conversion of
liberated energy into electricity). It can, however,

* according as the battery is made up, aceelerate or slow

down this action.

If the battery, zinc- dllute hydrochlonc acld copper, |

produced in unit time only half as much electricity for
the current as the battery, zinc-dilute hydrochloric acid-
platinum, this means in chemical terms that the first
battery produces in unit time only half as much zine
chloride and hydrogen as the second. Hence the chemical

action has been doubled, although the purely chemical |

conditions for this action have remained the same. The

electric - excitation has become the regulator of the

chemical action ; it appears now. as the active suie,

" the chemieal action being the passive side.
Thus, it becomes comprehensible that a number of -

processes previously regarded as purely chemical now
appear as electro-chemical. Chemically pure zinec is

not attacked at all by dilute acid, or only very weakly ; -

ordinary commercial zine, on the other hand, is rapidly
dissolved with formation of a salt and production of
hydrogen ; it contains an admixture of other metals

" and carbon, which make their appearance in unequal

amounts at various places of the surface. Local
currents are formed in the acid between them and the
zinc itself, the zinc areas forming the positive elec-
trodes and the other metals the negative electrodes, the
hydrogen bubbles being given off on the latter. Like-
wise the phenomenon that when iron is dipped into a
solution of copper sulphate it becomes covered with a
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layer of copper is now seen to be an electro-chelmcal
phenomenon, one determined by the currents which arise
between the heterogeneous areas of the surface of the iron.

In accordance with this we find also that the voltaic
series of metals in liquids corresponds on the whele to

" the series in which metals replace one another from their
~ compounds with halogens and acid radicles, At the

extreme negative end of the voltaic series we regularly
find the metals of the gold group, gold, platinum,
palladium, rhodium, which oxidise with difficulty, are
little' or not at all attacked by acids, and which are
easily precipitated from their salts by other metals.
At the extreme positive end are the alkali metals which
exhibit cxactly the opposite behaviour: they are
scarcely to be split off from their oxides except with the
greatest expenditure of energy; they oeccur in nature
almost exclusively in the form of salts, and of all'the
metals they have by far the greatest affinity for halogens
and acid radicles. Between these two come the other
metals in somewhat varying sequence, but such that on
the whole electrical and chemical behaviour correspond
to one another. The sequence of the separate members
varies according to the liquids and has hardly been
finally established for any single liquid. It is even
permissible to doubt whether there exists such an
absolute voltaic-series of metals for any single liquid.
Given suitable batteries and decomposition cells, two
pieces of the same mietal can act as positive and negative
electrodes respectively, hence the same metal can be
both positive and negative towards itself. In thermo-
cells which convert heat into electricity, with large
temperature differences at the two junctions, the direc-
tion of the current is reversed ; the previously positive -
metal becomes negative and vice versa. = Similarly, there
is no absolute series acecording to which the metals
replace one another from their chemical compounds
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with a particular halogen or acid radicle; in many

cases by supplying energy in the form of heat we are

able almost at will to alter and reverse the series vakid
_for ordinary temperatures. : .

Hence we find here a peculiar interaction between
chemical action and electricity. The chemieal action

-in the battery, which provides the electricity with the

total energy for current formation, is in imany cases first
brought into operation, and in all cases quantitatively
-regulated, by the electric charges developed in the
battery. If previously the processes in the battery

seemed to be chemico-electrie in nature, we see here

that they are just as much electro-chemical. From the
point of view. of formation of the constant current,
chemical action appears to be the primary thing : from
the point of view of eweitation of current it appears as
- secondary and accessory. The reciprocal action excludes
any ‘absolute primary. or absolute secondary ; but it is
just as much a double-sided process which from its very

- nature can be regarded from two different standpoints ;
to be understood in its totality it must even be investi-

gated from both standpoints one after the other, before
the total result can be arrived at. If, however, we
adhere onesidedly to a single standpoint as the absolite
one in contrast to the other, or if we arbitrarily jump

from.one to the other according to the momentary needs

of our argnimen’c, we shall remain entangled in the one-
sidedness of metaphysical thinking ; the interconnection
escapes us and we become involved in one contradiction
after another. S o
We_saw above that, according to Wiedemann, the
initial deflection of the galvanometer, immediately after
dipping the exciting plates into the liquid of the battery
and before chemical changes have altered the strength
of the electric excitation, is ‘* a2 measure of the sum of
electromotive forees in the eirenit,” , :
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- So far we have become acquainted with the so-called
electromotive force as a form of energy, which in our
case was produced in an equivalent amount from chemieal
energy, and which in the further eourse of the process
became reconverted into equivalent quantities of heat,
mass motion, etc. Here we learn all at once that the
“sum of the electromotive forces in the circuit’® is
already in existence before this energy has been liberated
by chemical changes; in other words, that the electro-
motive force is nothing but the capacity of a particular
cell to liberate a particular quantity of chemical energy.
in unit time and to convert it into electric motion. As
previously in the case of the electric force of separation,
so here also the electromotive force appears as a force
which does not contain a single spark of energy. Con-
sequently, Wiedemann understands by * electromotive
force ” two totally different things: on the one hand,
the capacity of a battery to liberate a definite quantity
of given chemical energy and to convert it into electrie
motion, on ‘the other hand, the quantity of electric
motion itself that is developed. The fact that the two
are proportional, that the one is a measure for the other,
does not do away with the distinction between them.
The chemical action in the battery, the quantity of elec-
tricity developed, and the heat in the circuit derived
from it, when no other work is performed, are even
more than proportional, they are equivalent; but that
-does” not infringe the diversity between them. . The
capacity of a steam engine with a given cylinder
bore and piston stroke to produce a given quantity
of mechanical motion from the heat supplied is very
different from this mechanical motion itself, however pro-
portional to it it may be. And while such a mode of
speech was tolerablc at a time when natural science had
not yet said anything of thc conservation of energy,
nevertheless it is obvious that sinec the reccognition of
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‘this basic law it is no longer permissible to confuse real

active energy in any form with the capacity of an
apparatus to impart this form to energy which is being
Liberated. This confusion is a corollary of the confusion
of force and energy in the case of the electric force of

" separation ; these two confusions provide a harmonious
background for Wiedemann’s three mutually contra-

dictory explanations of the current, and in the last resort
are the basis in general for all his errors and confusions in
regard to so-called “ electromotive force.” :
Besides the . above-considered peculiar - interaction
between chemical action and electricity there is also =

second point that they have in common which likewise-

indicates a closer kinship between these two.forms of
motion. Both 'can exist only for an infinitesimal

- period. The chemical process takes place suddenly for

each group of atoms undergoing it. . It can be prolonged
only by the presence: of new material that continually.
renews it. ' The same thing holds for electric’ motion.
Hardly has it been produced from some other form
of motion before it is once more converted into’ a third
form; only the continual readiness of available energy:
can produce the constant current, in which at each
moment new quantities of motion assume the form of
energy and lose it again. ‘ RS

An insight into this close connection of chemical and
electric action and vice versa will lead to important results

in both spheres of investigation.! Such an insight is.

already becoming more and more widespread. Among
chemists, Lothar Meyer, and after him Kekulé, have
plainly stated: that a revival of the electro-chemical

' This bas, of course, been very completely verified by the re
searches of the last fifty years. Electrical theory was revolutionised by.

- Thomson’s study of electrical conduction in gases, which led to- his

discovery . of electrons. And the whole of chemnistry, including the.
chemistry of such unions as that between carbon and hydrogen, which
at first sight is quite unconnected with electrical phenomen:, hus been
restated in terms of clectrons. R
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theory in a rejuvenated form is impending. Among

“electricians also, as indicated especially by the latest

works of F. Kohlrausch, the conviction seems finally
to have taken hold that only exact attention to the
chemical processes in the battery and decomposition
cell can help their science to emerge from the blind alley
of old traditions. )

And in fact one cannot see how else a firm foundation
is to be given to the theory of galvanism and so second-
arily to that of magnetism - and static electricity, other
than by a chemically exact general revision of all
traditional uncontrolled experiments made from an
obsolete scientific standpoint, with exaet attention to
establishing the energy changes and preliminary rejection
of all traditional theoretical notions about electrieity.
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{Written 1873-82. They are given here as they appear in the MSS.
The Notes on pp. 152-223 are reproduced in the sequence indicated by
Engels’ own numbering of the manuseript pages. The other Notes
were recorded by Engels on loose sheets of paper of various sizes.
Since their date of origin couid be determined only in a very few cases
they have been arranged here aceording to content: 1, Idess of
polarity ; 2. On dialectical logic and philosophy ; 3. Mathematical ;
4. On Mechanics, Physics, and Chemistry ; 5. A sheet giving the main
heads of an arrangement of the subject matter dealt with ; 6. Tidal
friction. Each of these sections has been begun on a fresh page.
Notes written on 2 single sheet of paper have been left in the sequence
in which they were found. Variant readings and sentences or words
crossed out by Engels, have not been given. The only exception is on
P- 167, lines 22-24, where the words “ Here it becomes a phrase as
everywhere where, instead of investigating the unanalysed forms of
‘motion,”” which were crossed out by Engels, have been restored, as
otherwise the rest of the sentence is left incomplete.~Ed.)

Biichner—Rise of the tendency. The passing of
German philosophy into materialism-~—control over
science abolished—outbreak of shallow materialist
popularisation, in which the materialism had to make

up for the lack of science. Its flourishing at the time

of the deepest degradation of bourgeois Germany and
official German science—1850-60. Vogt, Moleschott,
Biichner. Mutual assurance. Revival by Darwinism
coming into fashion, the fruits of which were immediately
reaped by these gentlemen. :
One could let them alone and leave them to their not
unpraiseworthy if narrow oceupation of teaching atheism,
ete., to German philosophy but for: 1, abuse directed
against philosophy (passages to be quoted!), 2 which in

1 See Appendix I1, p. 383. ) :

* Biichner is acquainted with philosophy only as a dogmatist,
just .as he himseif is a dogmatist of the shallowest reflection of the
German Enlightenment which missed the intelleotual movement of the
great French materialists (Hegel on this}—just as Nicolai had that of
Voltaire.* Lessing’s dead dog Spinoza, Encyclopeedia, Preface, p. 19,
[Note by F. Engels.] ‘
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spite of everything is the glory of Germany, and 2, -the
presumption of applying the nature theory to.soclety
and reforming socialism. - Thus they compel us to take
note of them. ' ' L
First of all, what do they achieve in their own sphere ?
Quotations. :
~ 2. Turning point, pages170-171.! Whence this su'dden _
Hegelianism ?  Fransition to dialectics. Two phllqso-
phical tendencies, the metaphysical With fixed categorlFs,
the dialectical (especially Aristotle and Hegel) “flth
fluid categories; the proofs that these fixed o;fpomtes
of basis and consequence, cause and effect, identity and
difference, appearance and essence are untenable, th:?,t
analysis shows one pole already present in the other in
nuce, that at a definite point the one pole becomes trans-
formed into the other, and that all logic develops-only

from: these progressing - contradictions.—This mystical

in Hegel himself, because the category appears as pre-
existing and the dialectics of the real world :ims_lts mere
reflection. In reality it is the reverse : the dlalectlcs' of
the brain is' only the reflection of the forms- of motuzg
of the real world, both of nature and of history. Until
the end of the last century, indeed until 1830, natural
scientists could manage pretty well with the old met:,a—
physics, because real seience did not go beyond mf_:cha.mcs
—terrestrial and cosmic. Nevertheless confusion ‘h-ad
already been introduced by higher mathematic§, which
regards the eternal truth of lower mathematics as a
superseded point of view, offen asserting the contrary,
and putting forward propositions which appear s}}e?r
nonsense to the lower- mathematician. The rigid.
categoriés disappeared here; mathematies arrived at a
field where even such simple relations as those of mere
abstract quantity, bad infinity, assumed a co?n-pletely
dialectical form and compelled the mathematicians to
' 1 See Appendix IZ, p. 336.
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‘become dialectical, unconsciously and against their will,
There is nothing more comical than the twistings,
subterfuges, and expedients employed by the mathe-
maticians to solve this contradiction, to reconcile higher
and lower mathematics, to make clear to their under-
standing that what they had arrived at as an undeniable

. result is not sheer nonsense, and in general rationally

to explain the starting point, method, and result of the
mathematics of the infinite. ‘
Now, however, everything is quite different.

| Chemistry, the abstract divisibility of physical things,

bad infinity—atomistics. Physiology-—the cell (the
organic process of development, both of the individual
and of species, by differentiation, the most striking test
of rational dialectics), and finally the identity of the
forces of nature and their mutual convertability, which
“put an end to all fixity of categories. Nevertheless,
the bulk of natural scientists are still held fast.in the old
metaphysical categories and helpless when these modern
facts, which so to say prove the dialectics in nature,

‘have to be rationally explained and brought into relation

with one another. And here thinkirig is necessary :
atoms. and molecules, ete., cannot be observed under
the microscope, but only by thc process of thought.
Compare the chemists (except for Schorlemmer, who is
acquainted with Hegel) and Virchow’s cellular pathology,
where in the end the helplessness has to be concealed
by general phrases. Dialectics divested of mysticism
becomes an absohate necessity for natural science, which

has forsaken the.field where rigid categories sufficed,

as.it were the lower mathematics of logic, its everyday
weapons. Philosophy takes its revenge posthumously
on natural science for the latter having deserted it;

and yet the scientists could have seen even from the .

successes in natural science achieved by philosophy

that the latter possessed something that was superior
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to them even in their own special sphere, (Leibniz,
the founder of the mathematies of the infinite, in contrast
to whom the induective ass! Newton appears as a
plagiariser and corrupter ; Kant, the theory of cosmic
evolution before Laplace ; Oken, the first in Germany to
adopt the theory of evolution ; Hegel, whose [encyq]o-
pedic] comprehensive treatment and rational grouping
of the natural sciences is a greater achievement than gﬂ
the materialistic nonsense put together.) '

On Biichner's claim to pronounce judgement on
socialism and economics from the struggle for existence :
Hegel, Encyclopeedia, I, p. 9, on cobbling.?

On polities and socialism: the understanding for
which the world has waited, p. 11.3 :

Separation, co-existence, and - succession. Hegel,
Encyclopeedia, p. 3514 As determination of the sensuous,
of the idea, ' _

Hegel, Encyclopeedia, p. 40.> Natural phenomena-—
but in Biichner not thought out, merely copied, hence
the superfluous. ‘

Page 42.5 Solon’s law, * produced out of his
head —Biichner is able to do the same for modern
society, N ' o

" Page 45.7 Mctaphysics—the science of things-~not of
‘movements. '
" Page 58.8  In cxperience . . . arnives at

Page 56. The parallelism between the human indi-
vidual and history =the parallelism between embryology
and palaxontology. '

1 It is impossible to render Engels' word * Induktionsesel” into
English. A donkey in German idiom may mean a fool, a hard worker,
of both. It can thus imply praise and blame at the same time. Prob-
ably the implication is that Newton did great work with induction,
but was unduly afraid of hypotheses, The phrase might be ,t:regly_ :
rendered ** Newton, who staggered under a burden of inductions.

2, 3,4+ See Appendix I, p. 337. -3 See Appendix I, p. 338.
(5. %, 8 See Appendix p. 339,
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- Ddalectics of Natural Sn}imce.}—Subject _mafter——-
- matter in motion, ' : L .
The different forms and varieties of ‘matter are them-
selves only to be recognised through motion, only in

this are the properties of bodies exhibited; of a body.

that does not move there is nothing to be said.l . Hence

the constitution of moving bodies results from the forms
of motion. ' : L '

1. The first, simplest form of motion is - the

mechanical form, pure change of place :
(a} Motion of a single body-—deces not exist, 6nly
_ relative motion—falling, o o
(b) The motion of separated bodies: ' trajectory,
astronomy—apparent equilibrium—the cnd always
contact.

(¢} The motion of bodies in contact in relation to one -

another—pressure. Statics. Hydrostatics and gases.

The lever and other forms of mechanics proper-—which

all in their simplest form arise from contact on friction

or impact, which are distinet only as stages. But.

- friction and impact, in fact contact, have also other

consequences never put forward here by natural

scientists : they produce, according to circumstances,
- sound, heat, light, electricity, magnetism. '

2. These different forces (with the exception of sound)
~physics.of heavenly bodies— = - o

(a) pass into one another and .'mutually_ replace. one
- another, and - . - . -

(6) on a certain quantitative development of each
force applied to the bodies differently in each case,
whether they are chemically compound or several
chemically simpler bodies, chemical changes take place,

and we enter the realm of chemistry.. Chemistry of °

heavenly l_)odies. Crystallographie part of chemistry. -
3. Physics had to leave out of account, or was able
! This is completely confirmed by modern atomic theory,
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to do so; the living organic body ; chemistry finds only
in-the investigation of organic compounds the real clue

to the true nature of the most important bedies, and,

on the other hand, it synthesises bodies which only
occur in -organic nature. Here chemistry leads to
organic life, and it has gone far enough to assure us
that 4 alone will explain to us the dialectical transition
to the organism. ; S

4. The real transition, however, is in history—of the
solar system, the earth, the real pre-condition for Organics; '
- 5, Organics. - A e

Divisibility. The mammal is indivisible, the reptile
can regrow a foot—ether waves, divisible and measurable.
to the infinitesimally small—every body divisible, in =
practice, within certain limits, e.g. in chemistry.

Cohesion—already negative in gases—transformation
of attraction into repulsion, the latter only real in gas
and ether (%). - ' R
~States of aggregation—nodal points where quantitative -
change is transformed into qualitative.

Secchi !'and the Pope.

" Newtonian attraction and ecentrifugal force-—an
example of metaphysical thinking: the problem not
solved but posed for the first time, and this preached as
the solution.2—Ditto Clausius’ decrease of heat.3 =~

1 Secchi was a Jesuit astronomer of the nineteenth century, one of

" the first to classify stars by their spectra.

2 Einstein’s general theory of relativity takes us at least a step
nearer to the solution. It brings gravitation and centrifugal force
together as different examples of an essentially similar phenomenon.
It has proved its ** this-sidedness ” by predicting two new facts which
have been observed, namely the deflection of light and the change in
its colour by gravitational fields. o

3 Clausius, German nineteenth-century physicist, pointed out that
according to existing physical theory other forms of motion would -
ultimately be converted into heat, and thus would be spread out at a
uniform temperature. Thus change of all kinds would come to an end.
{See pp. 201-2, 216.) ’ :
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Laplace’s theory presupposes only matter in motion—
rotation necessary for all bodies suspended in universal
space, - - S ~

Friction and impact produce an tnfernal movement -

of the bodies é'oncerned, molecular motion, differentiated
as warmth, electricity, etc., according to circumstances.

This motion, however, is only temporary : cessante causa

cessal effectus. At a definite stage they all become
transformed into a permanent molecular change, a
chemical change.!

Causa finalis—matter and its inherent motion. This

matter is no abstraction. Even in the sun the different'_
substances are dissociated and without distinetion in

their action. But in the gaseous sphere of the nebular
pateh all substances, although separately present, become
merged in pure matter as such, only as matter, not acting
with its specific properties.2 ) .
(Moreover even in Hegel the contradiction of causa

efficiens and causa finalis is sublated in reciprocal action.)

The form of development of natural science, in so far
as it thinks, is the hypothesis. A new faet is observed
which makes impossible the previous mode of explanation
of the facts belonging to the same group. From this
moment onwards new modes of explanation are re-
 quired—at first based on only & limited number of facts-
“and observations. Further observational material weeds

out these hypotheses, doing away with some and

! E.g. if a match is rubbed lightly it is warmed and then cools down
again, if rubbed harder it lights up, :

* In the sun (save for a few compounds in its outer layers) all matter.
is dissociated into atoms, and the atoms may lose some electrons. . Thus-
all kinds of matter have the same mechanipal properties, those of & hot -
gas. They can be distinguished by their spectra, that is to say the
kinds of light which they give out. In a gaseous nebula even this
distinction is lost, except for the infinitesimal fraction of atoms which .
have at any moment enough energy to radiate. o
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correcting others, until finally the law is establisht:d ina
pure form. If one should wait until the material for
a law was in a pure form, it would mean susper.lding_ the
process of thought until then and, if only for this reason,
the law would never come into being.

The number and succession of hypotheses supplanting

‘one another—given the lack of logical and dialectical

educdtion among scientists—easily gives rise to the
idea that we cannot know the essence of things (Haller
and Goethe).! This is not peculiar to natural science
sinee .all human knowledge develops in a curve which
twists many times; and in the historical sciences also,
including philosophy, theories displace one another,

“from which, however, nobody concludes that formal

logie, for instance, is nonsense. The last form of th%s
outlook is the * thing in itself.”  In the first place, this
assertion that we cannot know the thing in itself (Hegel,

- Encyclopeedia, paragraph 44) 2 passes out of science into

fantasy. In the second place, it does not add a word to
our scientific knowledge, for if we cannot occupy our-
selves with things, they do not exist for us. - And, tlfird]y,
it is a mere phrase and is never applied. Taken in the
abstract it sounds quite sensible. But suppose one
applies it. What would onc think of a zoologist who
said : a dog seems to have four legs, but we do not
know whether in reality it has four million legs-or none
at all ? Or of a mathematician who first of all defines
s triangle as having three sides, and then declares that
he does not know whether it might not have 25?7 That
2x2 seems to be 47 But scientists take care not to
apply the phrase the thing in itself’ in n_'atur:al scien.cc,
they permit themselves. this only in passmg_mto philo-
sophy. This is the best proof how little seriously tht?y
take it and. of what little value it is itseilf. If they did
take it scriously, what would be the good of investi-

1, % See Appendix I, p. 330,
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gating anything.‘? Taken historically the thing would

have a certain meaning : we can only know under the
conditions of our epoch and as far as these reach.

The transformation of attraction into repulsion and
vice versa is mystical in Hegel, but in subsiance he
a,ntmlpated by it the scientific discovery that came later.
Even in a gas there is ‘repulsion of the molecules, still
more so in more finely-divided madtter, for instance in
the tail of a comet, where it even operates with enrmous
force. Even in this Hegel shows his genius by deriving
attraction as a secondary thing from repulsmn as scme-

thing preceding it : “a solar system is only formed by

gradual preponderance of attraction over the originally
prevailing repulsion.” Expansion by heat -—repulsmn.
The kinetic theory of gases.

The contradictoriness of the thought determinations of
reason : polarisation. Just as electricity, magnetism,
ete., become polaris'ed and move in opposities, so do
~ thoughts. Just as in the former it is not possible to

maintain any one-sidedness, and no sclentlst would_

thmk of domg 50, SO also in the latter.

For anyone who denies causahty every na.tural law is
a hypothesis, among others also the chemical analysis of
heavenly bodies by means of the pmsmatlc spectrum.

What shallowness . of thought to remain at such &

v1ewpomt !

The thmg in ztself Hegel, Logie, I, 2, p. 10, also later
a whole section on it:

¢ Scept1c1sm did not allow 1tse1f to say. ‘it i’
modern idealism (7.e. Xant and Fichte) did not allow
jtself to-regard knowledge as knowledge of the thing
- in itself. . At the same time, however, scepticism
" allowed of mult_lple determinations of its appearance,
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~or rather its- appearance had the.entire manifold
wealth of the world as content. Likewise the
- appearance of idealism " (i.e. what idealism ecalls
appearance) comprehends within it the whole range
of these manifold determinations. . . . Hence there -
may well be no being, no thing or thing in itself at-
thé basis of this content ;. it remains jor itself as it
s ; it zs tmly translated from being info appearance. ?

Hegel therefore, is here a much more resolute materla.hst_
than the modern natural scxentlsts

t The true nature of the determmations of ““ essence »
is expressed by Hegel himself. Encyclopedia, I, para-
graph 111, addendum!: *“In essence everything is
relative ” (e.g. positive and negative, which have meaning
only in theu' relation, not each for itself), ‘

The so—ca.lled axioms of mathematics are the few
thought dete;-minations' which mathematies needs for
its point of departure. Mathematics is. the science of

. magnitudes ; its point of departure is the concept of

magnitude. - If defines this lamely and then adds the
other elémentary determinations of magnitude, not
contained in the definition, from outside as axioms,
where they appear as unproved; and naturally also as
mathematically unprovable. The analysis of magnitude
would yield all these axiom determinations as necessary
determinations of magmtude Spencer is right in as

much as what thus appears to us to be the self-evidence

" of these axioms is inherited. They are provable dia-

lectically, in so far as they are not pure tautologies.

Part and whole, for instance, are already categories
which become inadequate in organic' nature. The
e]ectlon of seeds—the embryo and the animal produced

1 See Appendix 11, p. 340, '
F
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by birth are not to be conceived as a part " that is -

separated from the *“whole,” which would give a distorted
treatment. It becomes a part only in a dead body,
Eneyclopeedia, 1, p. 268.1

Identity—abstract, ¢=a; and negatwely, ais not at -

" the same time equal and unequal to a—likewise inappli-

cable in organic nature. The plant, the animal, every

cell is at every moment of its life identical with itsclf
and yet becoming distinct from itself, by absorption and
excretion of substances, by respiration, by cell formation

" and, death of cells, by the process of circulation taking
place, in short by a sum of incessant molecular changes
which make up life and the sum total of whose results are-
evident to our.eyes in the phases of life—embryonie life, -

youth, sexual maturity, process of reproduction, old
age, death. This is apart, morecver, from the evolution of
species.. The further physiology develops, the more

important for it become these incessant, infinitely small -

changes,? and hence the more important for it also the

consideration of difference within identity, and the old’

abstract standpoint of formal identity, that an organie
being is to be treated as something simply identical with

itself, as something constant,® becomes out of date.’

Nevertheless, the mode of thought based thereon, to-
' gether with its categories, persists, But even in in-
organic nature 1dent1ty as such is non-existent in reality.
¥very body is continually exposed to mechanical,
physical, and chemical influences, which are always
changing it and modifying its identity. Only in mathe-
matics—an abstract science which is concerned: with

creations of thought regardless whether reflections of

1 See Appendix II, p. 340.

2 These changes are the subject of biochemistry, which is now prxmarlly
concerned, not as in Engels’ time with discovering substances in living
beings, but in studying their transformations.

# This is well shown by a film of plant growth where a day or a week-

is compressed into a minute. We see that the ieaf, which we are apt
to regard as u thing given, is a stage in a process.
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reality or not-—are abstract identity, and its opposition

“to difference, in place; and even there they are contin-

ually being suspended. Hegel, Encyclopedia, 1, p. 235.1
The fact that identity contains difference within itself is
expressed -in every sentence, where the predicate is
necessarily different from the subject; the kily is a
plant, the rose is red, where, either in the subject or in
the predicate, there is something that is not covered
by the predicate or the subject. . Hegel, Encyclopadia,

I, p. 231.2 That from the outset identity with itself

regmres difference from everythmg else as its complement,
is self-evident. :

. Continual change, i.e. abohtxon of abstract identity
with itself, is also found in so-called inorganic things,
Geology is its history. On the surface, mechanical
changes (denudation; frost), chemical changes (weather-
ing), and, internally, mechanical changes (pressure),

~ heat (voleanic), chemical (water, acids, binding sub-

stances), in great upheavals, earthquakes, ete. The
slate of to-day is fundamentally different from the ooze
from which it is formed, the chalk from the loose micro-
scopic shells that compose it, even more so limestone,
which indeed according to some is of purely organic
origin, and- sandstone from the loose sea sand, which
again is derived from the weathermg of granite, ete., not
to speak of coal. :

Posz'tz've and Negative.—Can also be given the reverse
names ; in electricity, ete., North and South ditto, -if
one reverses this and alters the rest of the-terminology
in correspondence, everything remains correct. We can
call West East and East West. . The sun rises in the
West, and planets revolve from East to West,. cte.,
the names alone are changed. Indeed, in physics we
call the real South pole of the magnet, which is attracted

1, % Sec Appendix IT, p..341. -
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by the North pole of the éa_rth’s magnetism, the South ! .

pole, and it does not matter.

Life and Death.—Already no physiology is held to be
scientific if it does not consider desth as an essential
factor of life (note, Hegel, Encyclopadia, I, p. 152-5),%
the negation of life as being essentially contained in:

life itself, so that life is always thought of in relation to
its necessary result, death, which is always contained
initin germ. ' The dialectical conception of life is nothing
more than this. But for anyone who has once under-

‘stood this, all talk of the immortality of the soul is

done away with. Death is either the dissolution of the
organic body, leaving nothing behind but the chemical
constituents that formed its substance, or it leaves
behind a vital principle, more or less the soul; that then
survives all living organisms, and not only human beings.

Here, therefore; by means of dialectics, simply becoming '

clear about the nature of life and death suffices to abolish
an ancient superstition. Living means dying. '

Bail Infinity.—The true was already corrgdtiy put by

Hegel in filled space and time, in the process of nature
and history. The whole of nature also is now merged
in history, and history is only differentiated from natural

_history as the evolutionary process of self-conscious

organisms. This infinite complexity of nature and
history has within it the infinity of space and time--
bad infinity—only as a sublated moment, essential but

not predominant. The extreme limit' of our natural
science until now has been our universe, and we do not
need the infinitely numerous ‘universes outside it fo:-
obtain kmowledge of nature. Indeed, only. a single
sun among millions, with its solar systein, forms t;he:

1 A slip of the peny it should be Narth. pole. .
2 See Appendix I, p. 341.
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essential basis of our astronomical researches.. JFor
terrestrial mechanics, physics, and chemistry we are
more or less restricted to our little earth, and for organic
science entirely so. Yet-this does not do any essential
injury to the practically infinite diversity of phenomena
and natural knowledge, any more than history is damaged
by the similar, even greater limitation to a comparatively

_ short period and small portion of the earth. .

Simple and Compound.—Categories which even in
organic nature likewise lose their meaning and become
inapplicable.  An animal is expressed neither by its
mechanical composition from bones, -blood, gristle,
musclés, tissues, ete., nor by its chemieal composition
from the elements. Hegel, Encyclopeedia, 1, p. 256.1
The organism is neither simple nor compound, however -
complex’it may be. '

Primordial matter—"* The conception of matter as
originally existent and without form in itself is very old
and to be met with even among the Greeks, first of all
in the mythical figure of chaos, which is conceived as
the formless basis of the existing world.” Encyclopedia,

I, p. 258. We find this chaos again in Laplace, and

approximately in the nebula which also has only the
beginning of form.. ‘Differentiation comes afterwards.

The incorrect theory of porosity (in which the various
false matters, calorie, etc,, arve situated in the pores of one
another and yet do not penetrate one another) is pre-
sented by Hegel, Encyclopedia, I, p. 259,2 as a pure
figment of the mind ; see also his Logic. ‘ .

Force.—If any kind of motion is transferred from one
body to another, then one can regard the motion, in so
1,2 See Appendix 11, p. 341 '
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Jar as it t:ansfers uself, as active, as the causc ‘of the
motion, and in so far as if becomes transferred, as passive,

~ and then this cause, the active motion, appears as force -

and the passive as its manifestation. From the law of
the indestructibility of motion, it follows automatically

that the force is exactly as great as its manifestation,

since indeed it is the same motion in both cases. Motion
that transfers itself, however, is more or less quantita-
tively determinable, because it appears in two bodies,

of which one can serve as a unit of measurement in order

to measure the motion in the other. The measurability
of motion gives the category force its value, otherwise
- 1t has none. . Hence the more this is the case, the morc
are the categories of force and manifestation useful in
research. Especially is this so in mechanics, where one
resolves the forces still further and regards them as
compound, thereby = often arriving at new results,
although one should not forget that thisis merely a mental
operation ; by applying the analogy of forces that are
really compound, as expressed in the parallelogram of
_forces, to forces that are really simple, the latter still
do not thereby become really compound. Similarly in

statics.” Then, again, in the transformation of other

forms of motion into mechanical' motion (heat, elec-
tricity, magnetism in the attraction of iron), where the
original motion can be measured by the mechanical
effect produced. But here, where various forms of
motion are considered simultaneously, the limitation
of the category or abbreviation, Force, already stands

revealed. No regular physicist any longer terms elec-

tricity, magnetism, or heat mere forces, any more than
substances or imponderabilia. When we know into how
much mechanical motion a definite quantity of heat
motion is converted, we still do not know anything of the
nature of heat, however much the examination of these
transformations may be necessary for the investigation
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of the natire of heat. To conceive heat as a form of
motion is the latest advance of physics, and by so doing
the category of force is sublated in it » in certain con-
nections—those of transition—they can appear as forees
and so be measured. Thus heat is measured by the
expansion of a body on warming. If heat did not pass
here from one body to the other—the measuring rod—
i.e. if the heat of the body acting as a measuring rod did
not alter, there could be no talk of measurenient, of a
change of magnitude. One says simply : heat expands
a body, whereas to say : heat has the force to expand a
body, would be a mere tautology, and to say : heat is the
forece which expands bodies, would not be correct, since
expansmn, e.g. in gases, is produced also by other means,
and heat is not exhaustively characterised in this way.
-Some chemists speak also of chemical force, as the
force that makes and maintains compounds. Here,
however, there is no real transference, but a combination
of the motion of various bodies into a single whole, and
o “ force 7 here reaches its limit. It is, however, still
measurable by the heat production, but so far without
much result. Here it becomes a phrase, as everywhere
where, instead of investigating the unanalysed forms of
motion, one invents a so-called force for their explanation
(as, for instance, explaining the floating of wood in
water by a ﬂoa.tmg force—the refraction of light by a
refractive force, ete.), in which case as many forces are
obtained as there are unexplained phenomena, the

© external phenomenon being indeed merely translated

into an internal phrase. (Attraction and repulsion are
easier to excuse; here a number of phenomena in-
explicable to the physicist are embraced under a
common name, which gives an inkling of an inner con-
nection.) Finally in organic nature the category of
force is completely inadequate and yet continually
appIied. True, it is possible to characterise the action
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of the muscles, in accordance with their mechanical
effect, as muscular force, and also to measure it. One
can even conceive of other measurable functions as
forces, e.g. the digestive capacity of various stomachs,
_but one quickly arrives ad absurdum (e.g. nervous force),
and in-any case one can speak herc of forces only in a
very restricted and figurative sense (the ordinary phrase :
to regain one’s forces). This abuse, however, has led
to speaking of a vital force. If by this is meant that
the form of motion in the organic body is different from

the mechanical, physical, or chemical form, and contains -

them all sublated in itself, then it is a very lax manner of
expression, and especially -so because .the force—pre-
supposing transference of motmn—appea.rs "here as
something pumped into the organism from outside, not as
inherent in it and inseparable from it, and therefore this

vital force has been the last refuge of all supernaturalists. -

The defect: (1) Force usually treated as having

independent existence. ' Hegel, Naturphil. [thlosophy of '

Nature], p. 79.1

"(2) Latent, dormant force—thls to be. explamed from
the relation of motion and rest (inertia, equilibrium),
. where also arousing of forces to be dealt with, -

The indestructibility of motion in Descartes’ principle
that the universe always contains the same quantity of
motion. Natural scientists express this imperfectly as
the * indestruetibility of force.” The merely quantita-
tive expression of Descartes is likewise inadequate :
motion as such, as essential activity, the form of existence

of matter, as indestructible as the lattcritself, includes the .

quantitative element. So here again the philosopher has
been confirmed by the natural scientist after 200 years.

- ¢ Its essence {of motion) is to be the immediate unity
of qpace and time . ... to motion belong space and
1 See Appendix Ef, p. 342.
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time ; velocity, the guantum of motion, is space . in
relation to a definite time that has elapsed.” Hegel,

- Naturphil. [Philosophy of Nature], p. 65.1 ... Space

and time are filled with matter . . . just as there is no-
motion without matter, so there is no matter withm_lt
motion,” p. 67.2

Force (see above).—The transference of motion fakes
place, of course, only in the preSence of all the varicus
conditions, which are often very numerous and complex, |
especially in machinery (the steam engine, the shot-
gun with lock, trigger, percussion cap, and gunpowder).
If one of them is missing, then the fransference does not
take place until this condition is supplied. One can
tmagine this as if the force must first be aroused by the

- introduction of this last condition, as if it lay latent

in a body, the so-called carrier of force (gunpowder,

. charcoal), whereas in reality not only this body but all

the other conditions must be present in order to evoke
precisely this special transference.

The notion of force comes to us quite automatica.lly in
that we possessin our own body means for transferring
motion, which within certain limits can be brought into
action by our will ;. especially the muscles of the arms
through which we produce mechanical cha.nge of place
and motion of other bodjes, lifting, carrying, throwing,
hitting, ete., resulting in definite useful effects. The
motion is here apparently: produced, not transferred, and
this gives rise to the notion of force in general producing
motion. That muscular force is also merely transference
has only recently been proved physiologically.?

Motion .and equilibrium.—Equilibrium is inseparable

i, 2 See Appendix II, p. 343.

3 The chenical ongm -of muscular energy is now understood in

much greater detail, and the first few steps In the harder problem of

the, origin of the etergy Liberated in the brain“have led to important
advances in the treatment of insanity.

b d
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from motion. In the motion of the heavenly bodies

there is motion in equilibrium and equilibrium in. motion

(relative). But all specifically relative motion, i.e.
in this case all separate motion of individual bodies on
one of the heavenly bodies in motion, is an effort to
establish relative rest, equilibrium. The' possibility

of a body being at relative rest, -the possibility of -

temporary states of equilibrium, is the essential condition

for the differentiation of matter and hence for life. On:

the sun there is no equilibrium of the various substances,
only of the mass as a whole, or at any rate only a very

restricted one, determined by considerable differences of

density ; on the surface there is eternal motion and
unrest, dissociation. On the moon, equilibrium appears
to prevail exclusively, without any relative motion—
death (moon=negativity). On the earth motion has
become differentiated into .interchange of motion and

equilibrium : the individual motion strives towards

equilibrium, the motion as a whole once more destroys
the individual equilibriumn. The rock comes to rest,
but weathering, the action of the ocean surf, of rivers
and glacier ice continually destroys the equilibrium.

Evaporation and rain, wind, heat, electric and magnetic

phenomena offer the same spectacle, Finally, in the
living organism we see continual motion of all the
smallest particles as well as of the larger organs, resulting

in the continual equilibrium of the total organism during

the normal period of life, which yet always remains in
motion, the living unity of motion and equilibrium.
All equilibrium is only relative and temporary. '

Causality.—The first thing that strikes us in con-:
sidering matter in motion is the interconnection of the

! The truth of this statement is constantly being demonstrated
afresh. For example, it has been shown that during life even the bones;
which appear so solid, are constantly exchanging phosphorus atoms
with the blood,
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individual motions of separatc bodies, their being
determined by one ancther. But not only do we find
that a particular motion is followed by another, we find
also that we can evoke a particular motion by setting
up the conditions in which it takes place in nature,
indeed that we can produce motions which do not oceur
at all in nature (industry), at least not in this way, and
that we can give these motions a predetermined direction
and extent. In this way, by the activity of human
beings, the idea of causality becomes established, the
idea that one motion is the cause. of another., True, the
regular sequence of certain natural phenomena can by
itself give rise to the idea of causality : the heat and

light that come with the sun ; but this affords no proof,

and to that extent Hume’s scepticism was correct in
saying that a regular post ho¢ can never establish a
propter hoc. But the activity of human beings forms
the test of causality. If we bring the sun’s rays to a focus
by means of a lens and make them act like the rays of
an ordinary fire; we thereby prove that the heat comes
from the sun. If we bring together in arifle the priming,
the explosive chargé, and the bullet and then fire it,
we count upon the effect known in advance from pre-
vious experience, because we can follow in all its details
the whole process of ignition, combustion, explosion
by the sudden conversion into gas and pressure of the
gas on the bullet. And here the sceptic cannot even
say that because of previous experience it does not follow
that it will be the same next time. For, as a matter of
fact, it does sometimes happen that it is nof the same,
that the priming or the gunpowder fails to work, that
the barrel bursts, ete.. But it is preciscly this which
proves causality instead of refuting it, because we can
find out the cause of each such deviation from the rule
by appropriate investigation : ' chemical decomposition

. of the priming, dampness, cte., of the gunpowder, defect
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in the barrel, ete., ete., so that here the test of causality
is 50 to say a double one. ' ' g

Natural science, like philosophy, has hitherto entirely -
neglected . the influence of men’s activity on their:
thought 1; both know only nature on the one hand and

_thought on the other. But it is precisely the alteration

of nature by men, not solely nature as such, which is the

most essential and immediate basis of human thought,
and it is in the measure that man has learned to change

nature that his intelligence has increased. The nafuralis-

‘tie conception of history, as found, for instance, to a

greater or lesser extent in Draper and other scientists,

as if- nature exclusively reacts on man, and natural
conditions * everywhere exclusively determined his

historical development, is therefore one-sided and forgets

that man also reacts on nature, changing it and creating-
new conditions of existence for himself. There is.

damned little left of “ nature ” as it was in Germany

at the time when the Germanic peoples immigrated

into it. The earth’s surface, climate, vegetation, fauna,
! 4

and the human beings themselves have continually

changed, and all this owing to human activity, while
the changes of nature in Germany which have occurred
in the process of time without human interference are
incalculably small. : R :

Newtonian Gravitatian.é—f[‘hé best that can be said

of it is that it does not explain but pictures the present

state of planetary motion. The motion s given.

Ditto the force of attraction of the sun. With these
data, how is the motion to be explained ? By the
parallelogram of forces, by a tangential force which

now becomes a necessary postulate that we musi-

1 Since Engels’ time physicists sre beginning to think in terms of

operations (human activities) rather than to consider themselves as .

merely pessive observers. But outside physics the tendency has not
vet developed appreciably. - = -
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accept. That is to say, assuming the efernal chamcter.
of the existing state, we need a first impulse, God.
But neither is the existing planetary state eternal nor

is the motion originally compound, but simple rofation,

and the parallelogram of forces applied here is wrong,
because it did not merely show clearly what was the
unknown magnitude, the @, that had still to be found, -
that is to say in so far as Newton claimed not merely to

_ put the question but to solve it.

Force—The negative side also has to be analysed:
the resistance which is.opposed to the transference of the
motion.! .

Reciprocal action is the first thing that we encounter
when we consider matter in motion as a whole from the
standpoint of modern natural science. Weseea series of
forms of motion, mechanical motion, heat, light, “elec-
tricity, magnetism, chemical union and decomposition,
transitions of states of aggregation, organic life, all of
which, if at present we still make an exception of organic
life, pass into one another, mutually determine one -
another, are in one place cause and in another effect, the
sum-total of the motion in all its changing forms remain-
ing the same (Spinoza: substance is causa sui—strikingly
expresses the reciprocal action). Mechanical motion
becomes transformed into heat, electricity, magnetism,
light, etc., and vice versa. Thus natural science confirms
what Hegel has said (where ?) that reciprocal action is
the true causa finalis of things, We cannot go back’
further than to knowledge of this reciprocal action,
for the very reason. that there is nothing behind to
know. If we know the forms of motion of matter (for .

1 Here again the progress of physics has been dialectical. The more
(;nergy_(motlon in the broadest sense) a body has, the more its inertia,
i.e. resistance to being moved. It is possible that all inertia is & mani-
festation of energy,
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which it is true there is still very much lacking, in

" view of the short time that natural science has existed),
then we know matter itself, and therewith our knowledge
~ is complete. (Grove’s whole misunderstanding about

causality rests on the fact that he does not succeed in

- arriving at the category of reciprocal action; he has
the thing, but not the abstract thought, and hence the-

confusion—pp. 10-14.1) Only from this universal re-
ciprocal action do we arrive at the real causal relation.
In order to understand the separate phenomena, we
have to tear them out of the general inter-connection

and consider them in isolation, and there the changing =~

motions appear; one as cause and the other as effect.

The indestructibility of motion, a pretty passage in
Grove, p. 20 et seq.2 Co '

- -Mechanical M otion.fAm011g natural scientists motion
is always as a matter of course taken as mechanical

~-motion, change of place. This is a survival from the

pre-chemical eighteenth century and makes a clear
conception of the processes much more difficult, Motion,

as applied to matter, is change in general. From the -

same misunderstanding is derived also the craze to
reduce everything to mechanical motion—even Grove
is * strongly inclined to believe that the other affections
. are, and will ultimately be resolved into,
modes of motion,” p. 16 2—which obliterates the specific
character of the other forms of motion. This is not
to say that each of the higher forms of motion is not
always necessarily connected with real mechanical
(external or molecular) motion, just as the higher forms
of motion simultaneously also produce other forms ;

chemical action is not possible  without change. of -

't See Appendix X, p. 843. %, 3 See Appendix II, p, 346, "
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temperature and electric changes, organie life without:
mechanical, molecular, chemiecal, thermal, electrie,
changes, ete. But the presence of these subsidiary:
forms does not exhaust the essence of the main form
in"each case. One day we shall certainly “ reduce
thought expérimentally to molecular and chemical
motions in the brain ; but does that exhaust the essence
of thought ?

The divisibility of matier. For science the question is
in practice a matter of indifference. We known that in
chemistry there is a definite limit to divisibility, beyond
which bodies can no longer act chemically—the atom
and that several atoms are always ! in combination—
the molecule. - Ditto in physics we are driven to the

-acceptance of certain—for physical analysis—smallest

particles, the arrangement.of which determines the
form and cohesion of bodies, their vibrations becoming
evident as heat, ete. But whether the physical and
chemical molecules are identical or different, we do not
yet know.2 Hegel very easily gets over this question
of divisibility by saying that matter is both divisible -
and continuous, and at the same time neither of the two,
which is no answer (see. sheet 5, 3 below : Clausius),
but is now almost proved. - :

Natural scientific thought.~Agassiz’s plan of creation,
according to which God proceeded in creation from the
general to the particular and individual, first creating
the vertebrate as such, then the mammal as.such, the
animal of prey as such, the cat as such, and only finally

1 Thisis not strietly correct; though generally believed fifty years ago. -
A few elements, e.g. neon and mereury, exist as single atoms at ordinary
temperatures, and all do o when very hot. )

* We now know that this is true for some substances, but not for ail,
For example, a metal owes its mechanical properties to the fact that
it is built up of very small erystals, each consisting of millions of
atoms. Co
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the }ibn, etc.! 'That is to say; first of all abstract ideas '
in the shape of concrete things and then concrete things - '

- See Hzeckel, p. 59.1

Induction and Deduction. Hackel, p. 75 et seq.,? |
" where Goethe draws the inductive conclusion that man,

- who does not normally have a premaxillary bone, must
have one, hence by incorrect induction arrives at some-
thing correct. :

" In Oken (Heckel, p. 85 éfseq.) the nonsensé that has'

~arisen. from the dualism between ‘patural science and
philosophy is evident. - By the path of thought, Oken

" discovers protoplasm and the cell, but it does not occur
“to anyone to follow up the matter along the lines of

natural science—it is to be accomplished by thought!

And when protoplasm and . the cell were discovered,

' Oken was in general disrepute | -

~Cause finales and efficientes transformed by Heckel,

pp. 89-90,3 into purpesively acting and mechanically
“acting causes, because for him causa finalis=God!

Likewise for him mechanical, simply according to-
‘Kant, =monistic, not=—mechanical in the sense of
mechanics.  With such confusion of language, nonsense .
jsinevitable. What Hzeckel says here of Kant’s ““ Critique.
of Judgment,” does not agree with Hegel, G.d. Phil.

[History of Philosophy], p. 608.4

. God ' is' nowhere treated worse than by mnatural
scientists, who believe in him. Materialists simply
- explain the facts, without making use of such phrases,

they do this first when importunate pious believers try.
to force God upon them, and then they answer curtly,

1 See Appendix II, p. 346. " 2 See Appendix II, p. 347.
- 3,4 See Appendix I, p. 848. -
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either like Laplace : Sire, je wavais pas, ete.,} or more
rudely: in the manner of the Dutch merchants -who,

when German commercial travellers press their shoddy
goods on them, are accustomed to turn them away
with the words: Ik kan die Zaken niet gebruiken {I
have no use for the things], and that is the end of the
matter. But what God has had to suffer at the hands
of his defenders! In the history of modern natural
science, God is treated by his defenders as Frederick
William III was treated by his generals and officials in
the campaign of Jena. One division of the army after
another lowers its weapons, one fortress after another
capitulates before the march of science, until at last the
whole infinite realm of nature is conquered by science,
and there is no place left in it for the Creator. Newton
still allowed Him the * first impulse *’ but forbade Him
any further interference in his solar system. Father
Secchi bows Him out of the solar system altogether,
with all canonical honours it is true, but none the less
categorically for all that, and he only allows Him a
ereative act as regards the primordial nebulz. And so
in all spheres.. In biology, his last great Don Quixote,

_ Agassiz even ascribes positive nonsense to Him ; He is,
supposed to have created not only the actual animals

but also abstract animals, the fish as such !- And finally
Tyndall 2 totally forbids Him any entry into nature and
relegates him to the world of emotional processes, only
admitting Him because, after all, there must be some-
body who knows more about all these things (nature)
than J. Tyndall! What a distance from the old God—
the Creator of heaven and earth, the maintainer of all
things—without whom not a hair can fall from the .

‘head !

* When Napoleon asked him why God did not appear in his System
of the World,” he answered * Sir, I have had no reason to employ that
hypothesis.”” ’ ; .

‘2 See Appendix II, p. 349.
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Tyndall’s emotional need proves nothing. The

Chevalier des Grieux also had an emotional need to

love and possess Manon Lescaut, who sold herself and -

him over and over again; for her sake he became a
card-sharper and pimp, and if Tyndall wants to .re-
proach him, he replies with his ** emotional need !
God=nescio; but ignorantia non est argumentum
(Spinoza). ' :

Aggregates in Nature.—Insect states (the ordinary
ones do not go beyond purely natural conditions), here
even a social aggregate. Ditto productive animals
with tools (bees, ete., beavers), but still only subsidiary
things and without total effect, Even eariier : ‘colonie‘s
of corals and hydrozoa, where the individual is at most
an intermediate stage and the fleshly community mostly -
a stage of the full development. See Nicholson.
Similarly, the infusoria, the highest, and in part very
much differentiated, form which a single cell can achieve, '

"‘Unity of Nature and Mind.—To the Greeks it. was self-
ewdep’c that nature could not be unreasonable, but even
to-day the stupidest empiricists prove by their reasoning

(however wrong it may be) that they are convinced

from the oulset that nature cannot be unreasonable or
reason contrary to nature. e
The classification of sciences, each of which analyses a
single form of .motion, or a series of forms that belong
together and pass into one another, is then the classifi-
cation, the arrangement, of these forms of motion them-
selves according to their inherent sequence, and herein
lies its importance. |
. At the end of the last century, after the French
materialists who were predominantly mechanieal, the
need became evident for an encyclopedic comprehensive
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treatment of the entire natural science of the old Newton-
Linnzus school, and two men of the greatest genius
undertook this, Saint Simon (uncompleted) and Hegel.
To-day, when the new outlook on nature is complete
in its basic features, the same need makes itself felt,
and attempts arc being made in this direction. But
where now the general evolutionary connection in nature
has to be shown, an external side by side arrangement is
as inadequate as Hegel’s artificially constructed dia-
lectical transitions. The transitions must make them-
selves, they must be natural. Just as one form of motion

“develops out of another, so their reflections, the various

sciences, must arise necessarily the one from another.

Protista.'~1. Non-cellular, begin with a simple
granule of protein which extends and withdraws

_pseudopodia in one form or another, including the

monera, (The Monera of the present day are certainly
very different from the original forms, since for the
most part they live on organic matter, swallowing
diatoms and infusoria, i.e. bodies higher than themselves
which only arose after them), and, as Hzckel’s plate I
shows, have a developmental history and pass through
the form of non-cellular ciliate swarm-spores. The
tendency towards form which characterises all albu-
minous bodies ? is already evident here. This tendency
is more prominent in the non-cellular foraminifera,
which excrete - highly artificial shells (anticipating

1 This whole passage is based on observations which are only partly
correet. The development of microscopical technique has shown that
the simplest organistns large enough to be visible have a great deal of
structure. All the organisms which Engels put in groups 1 and 2
now turn out to have nuclei. On the other hand, some of the ultra-
microscopie viruses turn out to be single protein molecules. That is to
say they have no structure except the chemical strueture that belongs
to them as proteins.

2 Protein molecules may. aggregate into erystals, fibres, or what
are called tactoids, which resemble organic structures, and of which
indecd many organie structures within the ecell are examples.
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colonies ? corals, ete.) and anticipate the higher
-mol.h?scs in form just as the tubular alge (Siphone=z)
anticipate the stem, root, and leaf form of higher plants,
. although they are merely structureless albumen. . Hence
* Protameba is to be separated from Amaeba.

2. On the one hand there arises the distinction of

skin (ectosare) and medullary layer {endosare) in the .

sun ar_aima.lcule Actinophrys sol, Nicholson, p- 48. The
skfn puts out pseudopodia (in Profomyxa aurentiaca,
this stage is already a transitional one, see Haeckel,
plate I}. Along this line of evolution protein-does not
appear to have got very far. -

3. On the other hand, there become differentiated in -

the albumen the nucleus and nucleolus—naked dmebe.
: F-rom now on the development of form proceeds apace,
Sxmi]a_.rly, the development of the young cell in the
organism, ¢f. Wundt on this (at the beginning). In
A. spheerococcus, as in Protomyia, the formation of the
cell membrane is only a iransitional phase, but even
here there is already the beginning of the circulation
in the contractile vacuole. Sometimes we find either a
shell of sand grains stuck together (Difftugia, Nicholson
_ P.47) as in worms and insect larve, sometimes a genuinelj;
. exereted shell. Finally, o
4. The cell with a permanent cell membrane. According
to Heckel, p. 382,1 out of this has arisen, depending on
the hardness of the cell membrane, either plé,nt or in
the case of a soft membrane, animal (it certainly ::a.nnoi

be conceived so generally 7). With the cell membrane,

~ definite and at the same time plastic form makes its
appearance. Here again a distinction between simple
cell membrane and excreted shell, But (in contrast to
No. 8) the puiting out of pseudopodia stops with this cell
m'el.nbrane and this shell. Repetition of earlier forms
(ciliate - swarm-spores) and diversity of - form. The
3 See Appendix II, p. 849, . L
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transition is provided by the Labyrinthulece, He=ckel,
p. 385,1 which deposit their pseudopodia outside and
creep about in this network with alteration of the
normal spindle shape kept within definite limits. The
Gregarine anticipate the mode of life of higher parasites—
some are already no longer single cells but chains of
cells—Hzmckel, p. 451, but only containing 2-3 cells—

a poor sort of aggregate. The highest development of

unicellular- organism is in the Infusoria, in so far as
these are really unicellular. Here a considerable
differentiation (see Nicholson). Once again colonies
and plant animals (Epistylis). Among unicellular plants
likewise' 2 high development of form (Desmidiacee,
Hackel, p. 410).1 ' ' o '

5. The next advance is the union of several cells into
a body, no longer a colony. First of all, the Katallakice -
of Hzckel, Magosphwra planula, Heckel, p. 884, where
the union of the cells is only a phase in development.
But here also there are already no pseudopodia (whether
there are any as a transitional phase Hemckel does not
state exactly). On the other hand; the Radiolaria, also
undifferentiated masses of cells, have. retained their
pseudopodia and have developed to the highest extent
the geometric regularity of the shell, which plays a
part even among the genuinely non-cellular rhizopods.
The pi‘otein surrounds itself, so to speak, with its
crystalline form. '

6. Magosphera planula forms the transition to the
true Planule and Gastrula, ete. Further details in
Hezckel, p. 452 et seg.} '

The Individual.—This concept also has been dissolved
into something purely relative. ' Cormus, colony, tape-
worm—on the other hand, cell and segment as individuals
in a certain sense (anthropogeny and morphology).

1 3ee Appendix IT, pp. 549-51.
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Repetition of morphological forms at all stages of "

evolution :. cell forms (the two essential ones already

in Gastrula)—segment formation at a certain stage; _:
annelids, arthropods, vertebrates.. In the tadpoles of

amphibians the primitive form of ascidian larvee is re-

peated. Various forms of marsupials, which reeur among.

placentals 1 (even counting only existing marsupials).

For the entire evolution of organisms the. law of

acceleration aceording to the square of the distance in
time from the point of departure .is to be accepted..

Cf. Heckel, History of Creation and Anthropogeny, the .
organic forms corresponding to.the various geological -

periods. The higher, the more rapidly it proceeds.

The whole of organic nature is one continuous proof of -

the identity or inseparability of form and content.

Morphological and physiological phenomena, form and
function, mutually determine one another. The differ-
entiation of form (the cell) determines differentiation of -

substance into muscle, skin, bone, epithelium, ete,;
and the differentiation of material in turn determines
diff_erence of form. - - ‘ o SR

The Kinetic theory of gases: “In a perfect gas . ..,

the molecules are already so far distant from one: -

another than their mutual interaction can be neglected »*

(Clausius, p. 6).2  What fills up the spaces between them? -
Ditto cther. Hence here the postulate of a matier that is

not made up of molecular or atomic cells.

. The law of identity in the old metaphysical sense is thé .
fundamental law  of the old outlook: a=a. Each

thing is equal to itself. - Everything was permanent, the
- solar system, stars, organisms. This law has been

refuted by natural science bit by bit in each separate

1} E.g. there are marsupials closely resembling the dog and the
moie.

# Sce Appendix 11, p, 351
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case, but theoretically it still prevails _and is stlllput ;
forward by the supporters of the old in oppt.)smon tg
the new: a thimg cannot simultaneously be itself an
something else. And yet the fact that true, concrete
identity includes d'ifference, change, has recently bgen
shown in detail By natural science {sec abf)ve). Abstract
identity, like all metaphysical categories, suffices i:mt:
everyday use, where small-scale co‘nd.ltmn:s or bl:leh
peridds of time are in question ; the limits within w}‘nc :
it is usable differ in alm ost every case and are determined
by the nature of the object. For a plar}etary syst.em,
where for ordinary astronomical calcuiatmn. t!le ellipse
can be taken as the basic form without commlt.tmg €ITors
in practice, they are much ‘wider than for an insect that
completes its metamorphosis in a few_\lveeks. -((ﬂ‘-e.
other examples, e.g. alteration of species, whlch‘m
reckoned in periods of many' thousands of years.) For

" natural science in its comprrehensive role, however,

even in cach single branch, aibstract identity is totally
insuflicient, and although on the whole it i'ms now. been
abolished in practice, theoreticall)_r it_ S.tll.l do_mma}::es
people’s minds, and most natural sment.!sts 1magme-F a._t
identity and difference are irn':copcﬂaple .opp051t§s,
instead of one-sided poles the truthy of *..vhich hes:j only in
their reciprocal action, in the inelusion of dlfferf:nce
within identity. -

Natural scientists helieve that thcry'frt.?e tl-aemselves
from philosophy by ignoring it or aubtfsmg it. They
cannot, however, make any headway without trhotfght,
and for thought they need thought c?etermmai_:ions;
But they take these categories unreflect ingly from the
commonv consciousness of so-called eduwated persons,
which is dominated by the relies of long othselete ph:!o-
sophies, or from the little bit of philosophy «:ompulsorily
listened to at the university (which is not only frag-
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mentary, but also a medley of views of people belonging
to the most varied and usually the worst schools), or
from unecritical and  unsystematie reading of philo~
sophical writings of all kinds. Hence they are no less
in bondage to philosophy, but unfortunately in most
cases to the worst philosophy, and those who abuse
philosophy most are slaves to precisely the worst
vulgarised relies of the worst philosophers. =

Historical—Modern natural seience—the only one

which comes' in question qua science as against the |

brilliant intuitions of the Greeks and the sporadic
unconnected investigations of the Arabs—begins with
that mighty epoch when feudalism was smashed by the
burghers. In the background of the struggle between
the burghers of the towns and the feudal ndbili‘ty this

epoch showed the peasant in revolt, and behind the

peasant the rci*olutionar-y beginnings of the modern

proletariat, already red flag in hand and with com-

munism on its lips. It was the epoch which brought

into being the great mwonarchies in Europe, broke the

spiritual dictatorship of the Pope, evoked the revival
of Greek antiquity szmnd with it the highest artistic
development of the niew age, broke through the boun-
daries of the old world, and for the first time really dis-

- covered the world.
It was the greatest revolution that the world had so far,

experienced. Natural science also moved and had - its

being in this revolution, was revolutionary through and
through, advanced hand in hand with the awakening.

mode_rn phi]osop’ny of the great Italians, and provided
1ts martyrs for the stake and the prisons. It is charac-

teristie f;hatﬂ Protestants and catholics vied with one
another in persiecuting it, The former burned Servetus,.

the latter Gicrdano Bruno. It was a time ‘that called

for giants snd produced giants, giants in learning,.
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intellect, and character,a time that the French correctly

‘called the Renaissance and protestant Europe with one-

sided prejudice called the time of the Reformation.

At that time natural science also had its declaration
of independence, though it is true it did not come right
at the beginning, any more than that Luther was the
first protestant. What Luther’s burning of the papal
bull was in the religious field, in the field of natural
science was the great work of Copernicus, in which he,
although modestly, after thirty years’ hesitation and
s0 to say on his death bed, threw down a challenge to
ecclesiastical superstition. ¥From then on natural science
was in essence emancipated from religion, although the -
complete settlement of accounts in all details has gone
on to the present day and in many minds is still far from
being complete. But from then on the develocpment of
science went. forward with giant strides, increasing, so

~ to speak, proportionately to the square of the distance

in time from its point of departure, as if it wanted to
show the world that for the motion of the highest
product of organic matter, the human mind, the law of
inverse squares holds good, as it does for the motion of
inorganic matter. -

The first period of modern natural science ends—in the
inorganic sphere—with Newton. It is the period in’
which the available subject matter was mastered; it
performed a great work in the fields of mathematiecs,
mechanics and astronomy, statics, and dynamics,
especially owing to Kepler and Galileo, from whom |
Newton drew his conclusions. In the organic sphere,
however, there had been no progress beyond the first
beginnings. The investigation of the forms of life
‘historically succeeding one another and replacing one
another, as well as the changing conditions of life
corresponding to them—pal=ontology and geology—
did not yet exist. Nature was not at all regarded as .
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- something that developed historically, that had a history

in time ; only extension in space was taken into account ;
the various forms were grouped not one after the other,
but only one beside the other ; natural history was valid
for all periods, like the elliptical orbits of the planets,
For:any closer analysis of organie¢ struecture both the
immediate bases were. lacking, viz. chemistry: and
knowledge of the essential organic structure, the cell.
Natural science, at the outset revolutionary, was con-
fronted by an out-and-out conservative nature, in which
everything remained to-day as it was at the beginning
of the world, and in which right to the end of the world
everythmg would remain as it had been in the be-
ginning.

It is characteristic that t]’llS conservative outlook on
nature both in the inorganic and in the organie sphere

. _ \

LY

Astronomy B 'Geology.

Mechanics - Physies Paleontology
,;Mathpmatics _ Chemistry - Mmeralogy

Plant physioclogy ' :
_ Animal physiclogy Therapeuties
Anatomy - - - . Diagnostics

The first breach :  Kant and Laplace. The. second :
Geology and Palzeontology {Lyell, slow development)'
The third : organic chemistry, which prepares organic
‘bodies and shows the validity of chemical laws for
living bodies. The fourth: 1842, mechanical heat,
Grove. The fifth: Darwin, Lamarck, the cell, ete.
(Struggle, Cuvier and Agassm) The sixth: the
comparative element in anatomy, climatology (isotherms),
scientific expeditions since the middle of the eighteenth
century, animal and plant geography, physical geo-

* The sentence is incomplete in the manuscript—Ed.
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graphy in general (Humboldt). The, assembling of the

material in its interconnection. Morphology (embry-
ology; Baer). ' '

"The old teleology has ‘gone to the devil, but the
certainty now stands firm that matter in its eternal
cycle moves according to laws Which at a definite stage
—mnow here, now there—-—necessanly give rise to.the
thmkmg mind in organic beings.

The normal existence of animals is given by the
conditions in which they live and to which they adapt
themselves—those of man, as soon as he differentiates
himself from. the animal in the narrower sense, have
as yet never been present, and are only to be elaborated
by the ensuing historical development. Man is the sole

‘animal eapable of working his way out of the merely
- animal state—his normal state is one appropriate to his
. consciousness, one to be created by himself.

- The contradictory character of theoretical develop- -

. ment; from the horror vacui the transition was made at.

once to absolutely empty space, only afterwards the ether.

Generatio Fiquivoca.!l—All investigations hitherto as
follows : in fluids containing organic matter in decompo-
sition and accessible to the air, lower organisms arise,
protista, fungi, infusoria. - Whence do they come ?
Have they arisen by generatio cequivoca, or-from germs
brought in from the atmosphere ? Consequently the
investigation is limited to a quite narrow field, to the
question of plasmogony.

The assumption that new living organisms can arise
by the decomposition of others belongs essentially to the

! This phrase is generally translated as “ spontaneous generation.”
The whole section which follows is extremely up-to-date. Except
for 2 few details, Engels’ argument holds good to-day, and a great
many facts kave been discovered which confirm it.
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¢poch of immutable speciés; At that time men found
themselves compelled to assume the origin of all

organisms, even -the most complicated, by original

generation from non-living materials, and if they did
not want to resort to the aid of an act of creation, they
easily arrived at the view that this process is more
readily explicable given a formative material already
derived from the organic world; no one -any longer
believes in the production of a mammal directly from
inorganic matter by chemical means. ' :
~This assumption, however, directly conflicts ' with
.the present state of science. By the analysis of the

process of decomposition in dead organic bodies chemistry

proves that at each successive step this process neces-
sarily produces products that more and more approxi-
mate to the dead inorganic world, products that are
less and less capable of being used by the organic world,
and that this process can be given another direction;
such utilisation being able to occur only when these
-products . of decomposition are absorbed early enough

in an appropriate, already existing, organism. It is

precisely .the most essential vehicle of cell-formation,

protein, that decomposes first of all, and so far it has .

never been built up again. - . :

Still more. The organisms whose original generatioxi

from organic fluids is the question at issue in these
investigations, while being of a comparatively low order,
are - nevertheless definitely differentiated, bacteria,
yeasts, ete., with a life cycle composed of various phases
and in part, as in the case of the infusoria, equipped with
fairly well developed organs. They are all at least

unicellular. But ever since we have been acquainted .

with the structureless Monera,! it has become foolish

1 The * Monera " are not structureless. . Actually the gap between
protozoa and baeteria on the one hand, and small filter-passing viruses
on the other, is larger than.the gap which Engeis mentions. His
argument has in fact been strengthened. :

‘1, p. 208, says:
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 to desire to explain the origin of even a single cell

directly from dead matter instead of from structureless
living protein, to believe it is' possible by means of a’
little stinking water to force nature to accomplish in -
twenty-four hours what it has cost her thousands of
years to bring about. ' o _
Pasteur’s attempts in this direction are useless; for
those who believe in this possibility he will never be able to
prove their impossibility by these experiments alone, but-
they are important because they furnish much enlighten-
ment on these organisms, their life, their germs, ete.

" Force.—Hegel, Gesch. d. Phil. [History of Philosophy],
It is better expressed (as Thales does) that the
magnet has a soul, than that it has an attracting
- force ; force is a sort of property that, separable from
_inaiter, is imagined as a predieate-—soul, on the other
" hand, being its movement, identical with the nature of
matter.’t R DT
* Heckel, Anthropology, p. 707.1 * According- to the
materialist outloock on the world, matter or stuff was
present earlier than motion or vis viva, matter created
force.” 'This is just as false as that force created
matter, since force and matter are inseparable. _Where
does he get his materialism from ? ' ‘

Mayer, Mechanische Theorie der Wérme [Mechanical
Theory of Heat), p. 328. Kant has already stated that the
ebb and flow of tides exert a retarding pressure on the
rotating earth. . (Adams’ calculation that the duration
of the sidereal day 2 is now increasing by 1/100 second in
1,000 years). " C :

1 See Appendix 1L, p. 852, o o . .
2 Le. tl%ptime between two successive passages of the same * fixed

" star across the meridian at.a given point. This is much more nearly

constant than the ordinmary or solar day, and oan also of course be
measured far more acourately. - o - L
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. An example of the necessity of dialectical thought
and of non-rigid categories and relations in nature;
the law of falling, which already in the case of a period of
fall of some minutes becomes incorrect, since then the.
radius of the earth can no longer without error be put;.—..oo,-
and the attraction of the earth increases instead of
remaining constant as Galileo’s law of falling assumes.
Nevertheless, this law is still continually taught, but the
reservation omitted! : e :

Moriz. Wagner, Naurwissenschafiliche Streitfragen

[Contmvfrsz‘al Questions of Natural Science), I (Augsburger.
Aligemeine Zeitung, Beilage, 6, 7, 8, October, 1874).

Liebig’s statement to Wagner in his last year, 1868 ; - |

. **'We may only assume that life is just as old and .

just'as eternal as matter itself, and the whole contro-
versial point about the origin of life seems to me to be
disposed of by this simple assumption. In point of
fact, why should not organic life be theught of as
present from the very beginning just as much as

. carbon and its compounds (1), or as the whole of -

uncreatable and indestructible matter in general, .
and the forces that are eternally bound up with; the
" motion of matter in space ? -

Liebig said further (Wagner believes November
1868) that he also regards the hypothesis, that organic:-
life has been *“ imported ” on to our planet from universal
space, as * acceptable.” ‘ S '

Helmholtz (Preface .to Thomson’s Handbuch der
theoretischen Physik [Handbook of Theoretical Physics),
German edition, part II) : - o

__ "It appears to me to be a fully correct procedure, -
if all our efforts fail to cause the production of organism.;
Jfrom non-living substance, to raise the question whether
life has ever arisen, whether it is not just as old as

matter, and whether its germs have not been trans-

DIALECTICS OF NATURE—NOTES j91

ported from one heavenly body to another and have
developed wherever they have found favourable soil.”

Wagner:

“ The fact that matter is indestructible and im-
perishable, that it . . . can by no force be reduced
to nothing, suffices for the chemist to regard it as
“ uncreatable’ . . . But according to the now pre-
vailing view (?) life is regarded merely as a ‘ property ’

" inherent in certain simple elements, of which the
lowest organisms consist, and which, as a matter of
course, must be as old, i.e. as originally existing, as
- these basic stuffs and thetr compounds (! 1) themselves.”

In this sense one could also speak of vital force, as Liebig
does (Chemische Briefe [Letters on Chemistry], 4th
edition) : - . '

. “ Namely as ‘a formative principle in and together
with the physical forces,” hence not acting outside of
matter. This vital force as a ‘ property of matter,’
however, manifests itself . . . only under appropriate
conditions which - have existed since efernity at
innuncrable points in infinite space; but which in the
course of the different periods of time must often
enough have been spatially varied.”

Hence no life is possible on the ancient fluid earth or
the present-day sun, but the glowing bodies have
enormously expanded atmospheres, consisting, according
to recent views, of the same materials that fill all space -
in extremely rarified form and are attracted by bodies.
The rotating nebular mass from which the solar system’
developed, reaching beyond the orbit of Neptune,

‘contained ** also all water (1) dissolved in vaporous

form in an atmosphere richly impregnated with carbonic
acid {!) up to immeasurable heights, and with that also
the basic materials for the existence (?) of the lowest
organic germs” ; in it there prevailed *“the most various
degrees of temperature in the very different regions, and
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hence .the assumption is fully justified that at all times
. the conditions necessary for organic life were somewhere
to be found. According to this the atmospheres of the
heavenly bodies like those of the rotating cosmic nebular
masses, would have to be regarded as the permanent
repositories of the living, form, as the eternal breeding
grounds of organic germs.” In the Andes, below the
equator, the smallest llvmg protlsta with their invisible
germs are still present in masses in the atmosphere up
to 16,000 feet. Perty says that they are ‘‘ almost
omnipresent.”  They are only absent where the glowing
heat kills them. Hence their existence (Vibrionide,
~ete.) .is conceivable * also in the vapour belt of all
heavenly bodles, wherever the appropriate condltmns
are to be found.

“ According to Cohn, bactena are . . . 50 extremely '

minute that 638 million can find room in a cubic milli-

metre, and 636,000 million weigh only a gramme. The,

micrococei are even smaller,” and perhaps they are not
~ the smallest. . But being very .varied in shape, “ the
Vibrionide . . . sometimes globular, sometimes ovoeid,
sometimes rod-shaped or spiriform,” (already possess,
‘therefore, a considerable measure .of form). * Hitherto
po valid objection has been raised against the well:

founded " hypothesis that all the muiltifarious, more
highly organised living beings of both natural kmgdoms_

could have developed and must have developed in the
course of very long periods of time from such, or similar,
extremely ~simple (11), neutral, primordial beings,
hovering between plants and animals .. . . on the basis

of individual variability and the capacity for hereditary ,

transmission of newly acquired characters to the off-
spring on alteration of the physical conditions of the

_ heavenly bodies and on spatial separation of the indi-

vidual varieties produced.”
The proof, worth notmg, how much of a dﬂettante

DIALECTICS OF NATURE—NOTES 198 -

Liebig was in biology, although the latter is a science
bordering on’ chemistry. He read Darwin for the first
time in 1861, and only much later the important bio-
logical and palzontological-geological works subsequent
to Darwin. Lamarck he had ““ neverread.”” * Similarly

the unportant palzontological special researches which '
appeared even before 1859, of L. V. Buch, d’Orbigny,
Miinster, Klipstein, Hauer, and Quenstadt on the fossil
Cephalopods, that throw such remarkable lxght on the
genetic connection of the various creations, remained
completely unknown to him. All the above-mentioned
scientists were . . . driven by the force of facts,
almost’ againz-.t their will, to the Lamarckian hypothesis
of descent,” and this indeed before Darwin’s book.
The theory of descent, therefore, had already quietly
struck roots in the views of those scientists who had
concerned themselves more closely with the comparative
study of fossil organisms. . . . As early as 1882, in
* On the Ammonites and their Division into Families,”
L. V. Buch very definitely introduced in the science of
petrefacts (!) “ The Lamarckian Idea of the Typical
Relationship of Organic Forms as a Sign of their Cornmon
Descent,” the title of a paper read before the Berlin
Academy in 1848, and in 1848 he based himself on his
investigation of the ammonites for the declaration :
** that the disappearance of old forms and the appearance
of new ones is not a consequence of the total destruction
of the organic creations, hut that the formation of new
species out of older forms has most probably only 'resultedy
from altered conditions of life.”

Comanents.—The above hypothesm of * eternal life *
and of importation presupposes :

1. The eternal existence of protein.

2. The eternal existence of the original forms from'
which exervthmg organic can de\elop Roth are in-"
admissible.

e
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- Ad. 1.—Liebig’s assertion; that carbon compounds

are just as eternal as carbon itself, is. mexact if:not
false. :

{a) Is carbon sunple ‘?1 If not‘, it is as such_ not

eternal.

(b} The compounds of carbon are etemal in the sense
that under similar conditions of mixture, temperature, -

pressure, electric potential, etc., they always reproduce
themselves. But:that; for instance, only the simples.t
carbon compounds, CO, or CHy, should be eternal in

the sense that they exist at all times and more or less

in all places, and not rather that they are continually
produced anew and pass out of existence again—in
fact, out of the elements and into the elements—has
hitherto not been asserted. If living protein is eternal
in the same sense as .other carbon compounds, then'it

must not only continually be dissolved into its elements,

as notoriously happens, but also continually be produced
anew from the elements and without the collaboration

of previously existing protein—and that is the exact -

"opposite of the result at which Liebig arrives.

(¢). Protein is the most unstable carbon compound

known to us. It decomposes as soon as it loses the
capacity of carrying out the functions peculiar to. it,
which we call life, and it is inherent in its nature that this
mcapacltv should sooner or later make its appearance,

And it is just this compound which is supposed to be

eternal and able to endure. all the changes of tempera-
ture, pressure, lack of nourishment, and air, ete., in
space, although even its upper temperature limit is so
low—Iess than 100° (.. The conditions for the existence
of protein arc infinitely more complicated than those
of any other known carbon compound, because not only

! It is noteworthy that Engels questioned the eternity of the chemical
elements. It is now, of course, a commonplace that they can be trans-
formed, and it is at least conceivable that all carbon has been formed
from hydrogen and neutrons
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physical and chemical functions, but in addition
nutritive and respiratory functions, enter, requiring a
medium which is narrowly delimited, physically and

‘chemically—and is it this. medium that one must

suppose- has maintained itself from eternity under all
possible changes ? - Liebig * prefers, ceteris paribus, the

" simpler of two hypotheses,” but a thing may appear

very simple and yet be very complicated.  The assump-
tion of innumerable continuous series of living protein
bodies, tracing their descent from one another through
all eternity, and which under all circumstances always
leave sufficient over for the stock to remain well assorted,
is the most complicated assumption possible.” More-
over, the atmospheres of the heavenly bodies, and
especially nebular a.tmosphcres, were originally glowing

" hot and therefore no place for protein hodies—hence

in the last resort space must serve as the great reservuoir,
a reservoir in which there is neither air nor nourishment,
and with a temperature at which certainly no protein
can function or maintain itself !

Ad. 2.—The vibrios, micrococei, cte., of which we
are speaking, are heings already considerably differen-
tiated—protein granules-! that have excreted an outer
membrane, but no nueleus. The series of protein bodies
capable of development, however, forms « nucleus first
of all and becomes a cell—the cell membrane is then
a further advance {Amaeba spherococeus). Hence the
organisms with which we have been dealing here belong
to a series which, by all previous analogy, proceeds
barrenly into a blind allcy, and they cannot be numbered
among the ancestors of the higher organisrs.

What Helmholtz says of the sterility of attempts to
pmduce life artificially is pure childishness. Life is

A Thebe organisms include other substances {e.g. fats and waxes}
hesides proteins, The argument is hnwever quite correct :f applled to
the smaller viruses.
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the mode of existence of protein bodies, the essential
element of which consists in continual, metabolic inter-
change’ with the natural enviromment outside them, and
~ which ceases with the cessation ‘of this metabolism,
‘bringing about the decomposition of the protein.l If
success is ever attained in preparing protein bodies

chemically, they will exhibit the phenomena of life and.

carry -out metabolism, however weak and short-lived
they may be.2 ' But it is certain that such bodies could
at most-have the form of the very crudest monera, and
~ probably much lower forms, but by no means the form
of organisms that have become differentiated by an
evolution lasting thousands of years, and in which the
cell membrane has become separated from the contents
and a definite inherited form assumed. So long,

however, as we know no more of the chemical compo- -

sition of protein than we do at present, and therefore
for probably another hundred years to come cannot

think of its artificial preparation, it:is ridiculous to

complain that all our efforts, eté., have failed !
“Against the above assertion that metabolism is the

characteristic activity of protein bodies may be put the

objection of the growth of Traube’s * artificial cells.”
But here there is merely unaltered absorption of a
liquid by endosmosis, while metabolism consists in the

absorption of substances, the chemical composition: of _

which is altered; which are assimilated by the organism,
and. the residua’ of which are excreted together with

. 1 Buch metabolism can also occur in the ease of inorganic bodies and
in the long runm it occurs everywhere, since chemical reactions take place,
even if extremely slowly, everywhere. The difference, however; is that
inorganic hodies are destroyed by this metabolism, while in organic
};}odie}: ]it'is the necessary condition for their existence. [Note by F.

ngels. . o

* We now doubt whether all proteins would do so. A number have
been isolated, though none have yet been made from their elements.
Some, however, carry out some of the processes of life.. Hemoglobin
absorbs and takes up oxygen; pepsin digests other proteins, virus
nucleoprotein even reproduces itself in a favourable environment.
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the decomposition ‘products of the organism itself
resulting - from -the life process.! The- significance of
Traube’s *“ cells > lies in the fact that they show endos-
mosis and growth as two things occurring also in in-
organic nature and which can be exhibited without any
carbon. ' '

The newly arisen protein granule must have had the
capacity of nourishing itself from oxygen, carbon
dioxide, ammonia, and some of the salts dissolved in the
surrounding water. Organic nutritive substances were
not present,? for the granules surely could not devour
one another., This proves how high above themn are the
present-day  monera, even without nuclei, living on
diatoms, etc., and therefore presupposing a number of
differentiated organisms. " :

Reaction.—Mechanical, physical (alias heat, ete.)
reaction is exhaﬁst_e_d ‘with each occurrence of reaction,
Chemical reaction alters the composition of the reacting
body and is only renewed if a further quantity of the
latter is added. Only the organic body reacts inde-
pendently, of course within its sphere of power (sleep),
and assuming the supply of nourishment—but this supply
of nourishment is effective only after it has been assimi-
Iated, not immediately, as at lower stages, so that here -
the organic body has an independent power of reaction,
the new reaction must be brought about by it. '

"1 N.B.--Just as we have to speak of invertebrate vertebrates, so
also here the wunorganised, formless, undiiferentiated granule of
protein is termed an organism-~dialectically this is permissible because
just as the vertebral column is implicit in the notochord so in the protein
granule on its first origin the whole infinite series of higher organisms
lies included * in itself > as if in an embryo. [Note by F. Engels.]

* It now seems likely that simple organic substances were present
in the primordial ocean, synthesised by the ultra-violet rays of the sun-
light, which in the absence of oxygen and ozone were less absorbed in
the upper atmosphere. These would not have decayed in the absence
of bacteria, and could therefore have served as food for the first living
{or semi-living) things. T
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- ddentity -and- Difference.—The dialectical relation is
already 'seen in the differential calculus, where de is
infinitely small, but yet is effective and performs every-

Mathematics—Nothing appears more solidly based
than the difference of the four species, the elements of all
mathematics. Yet right at the outsct multiplication is

seen to be an abbreviated addition, and division an .

abbreviated subtraction, of a definite number of equal
numerical magnitudes; and in one casc—when the
divisor is a fraction—division is even carried out by
multiplying by the inverted fraction. In algebraic
calculation the thing is carried much further. Every
subtraction (a—b) can be represented as an addition
(—b+4a), every division -g as a multiplication a};.
In caleulations with powers of magnitudes one goes
much further still. All rigid ditferences between the
kinds of calculation disappear, ‘everything allows of

being presented in the opposite form. A power can’

be put as a root (z2=+/2%), a root as a power {1/z=a!).
Unity divided by a‘power or root.can be put as a power
of the denominator (-i_ =g 1 =a:"3) < Maultiplication
o : Ve o . a3 _ o

or division of the powers of a magnitude. becomes
converted into addition or subtraction of their exponents.
Any number can be conceived and expressed as the
power of any other number (logarithms, y=a%). And
this transformation of one form into the opposite one
is no idle trifling, it is one of the most. powerful levers of
mathematical science, without which to-day hardly

any of the more difficult calculations arc carried out.

"If negative and fractional powers alone were abolished
from mathematics, how far could one get 2 = - _
(—.—=+,= =+, /~1, ete., to be expounded earlier.)
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“The turning point in mathematics was Descartes’
variable magnitude. -With that came motion and hence
dialecties. in mathematics, and at once also of necessity
the differential and integral calculus, which moreover
immediately begins, and which on the whole was perfected

~ by Newton and Leibniz, not discovered by them.

Asymaptotes.—Geometry begins with the discovery 13hat
straight and curved are absolute opposites, that straxgl_lt
is absolutely inexpressible in curved, and curved in
straight, that the two are incommensurable. Yet even
the caleulation of the circle ! is only possible by ex-
pressing " its periphery in straight lines. For curves
with. asyinptotes, however, straight becomes totally
merged in curved, and curved in straight ; just as much
as the notion of parallelism : the lines are not parallel,
they continually approach one another and yet never
meet ; the arm of the curve becomes more. and more
straight, without ever becoming entirely so, just as in
analytical geometry the straight line is regarded as a
curve of the first order with an infinitely small curvature.

~ The z of the logarithmic curve 2 may become ever so

large, y can never=~0.

Zero Powers.—Of importance in the logarithmic series :
0 ‘1 2 38 log. .
100 10! 102 103
through unity ; hence also constants raised to a variable
power g*=1, if z=0. a&°=1 means nothing more than
the conception of unity in its connection with the other
members of the series of powers of a, only there has it

) (1]
any meaning and can. lead to results 3 (Zm" = —),

All variables pass somewhere

P

I

1 I.e. the expression of its circurnference in terms of its radius.

¢ I.e. the rectangular hyperbola zy=¢. - : . .
- 3 The expression  in the bracket is meaningless as it stands. How-
ever Engels’ writing is by no means easy to decipher and we cannot
be sure what Engels actually wrote, . :
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otherwise not at all. * From this it follows that unity
also, however much it may appear identical with itself,
includes within it an infinite manifoldness, since it can -
be- the zero power of any other possible number, and
" that this manifoldness is not merely imaginary is proved |
on each occasion that unity is conceived as a particular -

unity, as one of the variable results: of a process (as a
‘momentary magnitude or form of a variable) ini’ con-
nection with this process. o Lo

Straight and curved in the differential calculus ! are in
last resort put as equal: in the differential triangle, the
hypotenuse of which forms the differential of the arc (in

the tangent method), this hypotenuse can be regarded

“comme une petite ligne tout droite qui est tout a la
fois I'élément de l'arc et celui de la tangente *—if now
the curve is regarded as composed of an infinite number
of straight lines, or also, however, * lorsqu’on la considére
comme rigoureuse ; puisque le détour 3 chaque point
M étant infiniment petit, la raison derniére de Pélément
-de la courbe & celui de la-tangente est evidemment une

»

raison d'égalité.”’ Here, therefore, although the ratio .

continually approaches equality, but asymplotically in
accordance with the nature of the curve, yet, since the
contact is limited to a single point which has no length,
it is finally assumed that equality of straight and curved
has been reached. Bossut, Caleul. diff. et intdgr.
[Differential and Integral Calculus], Paris, An. VI, I,
p. 149. . In polar curves the differential imaginary
abscisse 2 are even taken as parallel to the real abscissa
and operations based on this, although both meet at
the pole ;- indeed, from it is deduced the equality of two
triangles, one of which has an angle precisely at the

! This was, of course, written before * rigorous ¥’ proofs based on
the theory of limits were introduced into most books on the -calculus,
Engels is quite correct concerning the caleuhus as taught in his day.

% In modern terminology radii vectores. . : :

R
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point of intersection of the two lines, the parallelism of
which is the whole basis of the equality ! Fig. 17.

“When the mathematics of straight and curved lines
has thus pretty well reached exhaustion a new almost
infinite field is opened up by the mathematics that
conceives curved as straight (the differential triangle)
and siraight as curved {curve of the first order with in-
finitely small curvature). O metaphysics !

Ether.'—If the ether offers resistance at all, it must
also offer resistance to light, and so at a certain distance
be impenetrable to light. That however ether propagates
light, being its medium, necessarily involves that it should
also offer resistance to light, otherwise light could not
set it in vibration. This the solution of the contro-
versial questions raised by Midler 2 and mentioned by
Lavrov.2 : :

Fericbrates.—Their essential character : the grouping
of the whole body about the nervous system. Thereby
the development to self-consciousness, etc., becor.nes
possible, In all other animals the nervous system is a
secondary affair, here it is the basis of the whole organi-
sation ; the nervous system, when developed to a certain
extent—by posterior elongation of the head ganglion
of the worms—takes possession of the whole body and
organises it according to its needs. ‘

Radiation of Heat into Interstellar Space—All ‘the
hypotheses cited- by Lavrov of the renewal  extinct
heavenly bodies (p. 109) 3 involve loss of motion. The
heat once radiated, i.e. the infinitely greater part of the

1 Few physicists now believe in the ether as they did fifty years ago,
The notion had to be abandoned when it was shown that motion of
bodies relative to it could not be detected. Engels’ note, therefore,
has validity only as a comment on the physical ideas of his time.

# See Appendix I, p. 852,

* See Appendix IL, p. 353,

fekd
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original motion, is and remains lost. Helmhoitz says,
up to now, 458/454. Hence one finally arrives after
all at the exhaustion and cessation of motion. The
question is only finally solved when it has been shown
how “the heat radiated into space becomes utilisable
again. The theory of the transformation of motion puts
this question categorically, and it cannot be evaded by
extending the period of operation or by evasion. That,
however, with the posing of the question the conditions

for its solution are simultaneously given—c’est autre
chose. The transformation of motion and its inde- .

structibility were first discovered hardly thirty years ago,
and it is only guite recently that they have been further

analysed and followed up in regard to their conse- .

quences. The question as to what becomes of the
apparently lost heat has, as it were, only been neitement
posée since 1867 (Clausius). No wonder that it has not
yet been solved ; it may still be a long time hefore we

arrive at a solution with our small means. But it will

be solved, just as surely as it is certain that there are no
miracles in nature and that the original heat of the nebular
ball is not communicated to it miraculously from outside

the universe. The general assertion that the amount of

motion is infinite, and hence inexhaustible, .is of equally
little assistance in overcoming the difficulties of each
individual case; it too does not suffice for the revival
of extinet universes, except in the cases provided for
in the above hypothesis, which are always bound up

with loss of force and are therefore only temporary -

cases. The cycle ! has not been traced and will not be
until the re-utilisation of the radiated heat shall have
been discovered. .

Newton’s Parallelogram of Forces in the solar system
is true at any rate for the moment when the annular bodms'

! See note to p. 24
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separate, because then the rotational motion comes into
contradiction with itself, appearing on the one hand as
attraction, and on the other hand as tangential force.
As soon as the separation is complete, however, the
motion is again a unity. That this separation must
oceur is a proof for the dialectical process.

Bathybius.1—The stones in its flesh are proof that the
original form of protein, still lacking any differentiation
of form, already bears within it in germ the capacity for

skeletal formation.

- Understanding and Reason.—This Hegelian' distine-
tion, according to which only dialectical thinking is
reasonable, has a definite meaning. All activity of the -
understanding we have in common with animals :
induction, deduction, and hence also abstraction (Dido’s 2
generic concepts : quadrupeds and bipeds), anal, ysis of
unknown objects (even the cracking of a nut is a be-
ginning of analysis), synthesis (in animal tricks), and, as
the union of both, experiment (in the case of new obstacles -
and unfamiliar situations). In their pature all these
modes:- of procedure—hence  all means of scientific
investigation that ordinary logic recognises—are abso-
lutely the same in men and the higher animals. They
differ only in degree (of development of the method in
cach case). The basic features of the method are the
same and lead to the same results in man and animals,
so long as both operate or make shift merely with these_
elementary methods.

On  the other- hand, dialectical thought—precisely
beeause it pre-supposes investigation of the nature of
concepts—is only possible for man, and for him only
at a comparatively high stage of development (Buddhists -
and Greeks), and it attains its full development much

! See Appendix 11, p. 353. ¢ Hngels had & dog called Dido.
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later still through modern philosophy—and yet we have .
the colossal results already among the Greeks (!) which

-go far in anticipating investigation.

Chemistry, in which analysis is the predominant form

of investigation, is nothing without its complementary
pole : synthesis.

To the Pan-Inductionists.—With all the induction in
the world we would never have got to the point of
becoming clear about. the process of induction. Only
the analysis of this process could accomplish this.
Induction and deduction belong together as necessarily

as synthesis and analysis. Instead of one-sidedly -
raising one to the heavens at the cost of the other,

one should seek to apply each of them in its place, and
that can only be done by bearing in mind that they
belong together, that each completes the other.

According to the inductionists, induction would be an -

infallible method. It is so little so that its apparently
surest results arc everyday overthrown by new dis-
coverics. Light corpuscles, caloric, were results of
induction. Where are they now ? Induction taught us

that all vertebrates have a central nervous system .
differentiated into brain and spinal cord, and that the

spinal cord is enclosed in cartilaginous or bony vertebre
—whence indeed the name is derived. Then Admphiozus
was revealed as a vertebrate with an undifferentiated
central nervous strand and without vertebrz. In-
duction cstablished that fishes are those vertebrates
which throughout life breathe exclusively by means
of gills. Then animals come to light whose fish
character is almost universally recognised, but which,
besides gills, have also well-developed lungs, and it
turns out that every fish carries a potential lung in the
swim bladder. Only by audacious application of the
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theory of evolution did Heckel rescue the inductionists,
who were feeling quite comfortable in thesc contra- -
dictions. If induction were really so infallible, whence
come the rapid successive revolutions in classification
of the organic world ? - They are the most characteristic
product  of induction, and yet they annihilate one
another.

The Kinetic theory has to show ! how molecules that
strive upwards can at the same time exert a downwards
pressure and-—assuming the atmosphere as more or less
permanent in relation to interstellar space—how in
spite of gravity they can move to a distance from the
centre of the earth, bui nevertheless, at a certain distance,
although the force of gravity has decreased according
to the square of the distance, are yet compelled by this
force to come to a stop or to return,

Claustus—if correct—proves that the universe has
been created, ergo that matter is creatable, ergo that it
is destructible, ergo that also force, or motion, is creatable
and destructible, ergo that the whole theory of the
** conservation of force” is nonsense, erge that all its
consequences are also nonsense.

The notion of an actual chemically uniform matler—
ancient as it is—{fully corresponds to the childish view,
widely held even up to Lavoisier, that the chemical
affinity of two hodies depends on each one containing a
eommon third body (Kopp, Entwicklung, p. 105).2

Hard and fast lines are incompatible with the theory of
evolution. Even the border line between vertebrates
and invertebrates is now no longer rigid, just as little

! This has now been accomplished,
* See Appendix II, p. 3534,
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is that between fishes and amphibians, while that
between birds and reptiles dwindles more and more
every day. Between Compsognathus and Archeop-
teryz ! only a few intermediate links are wanting, and
birds’ beaks with teeth crop up in both hemispheres.
* Either this—or that!” becomes more and more
inadequate. Among lower animals the concept of the
individual cannot be established at all sharply. Not

- only as to whether a particular animal is an individual

or a colony, but also where in - development one
individual ceases and the other begins (nurses).2

For a stage in the outlook on nature where all differ-
ences become merged in intermediate stages, and all
opposites are bridged by intermediate links, the old

metaphysical method of thought no longer suffices.

Dialectics, which likewise knows no hard and fast
lines, no unconditional, universaily valid “ either—or !
which bridges the fixed metaphysical differences, and
besides “-either—or ! * recognises also in the right place
*both this-—and that!” and reconciles the opposites,
is the sole method of thought appropriate in the highest
degree to this stage. For everyday use, for the small
change of science, the metaphysical categories retain
their validity.

Dialectics, so-called objective  dialectics, prevails .

throughout nature, and so-called subjective dialectics,

dialectical thought, is only the reflex of the movement"

in opposites which asserts itself everywhere in nature,
and which by the continual conflict of the opposites

t Compsognathus, a bird-like reptilian fossil; Archeopteryz, a
fossil bird with teeth, a long bony tail, and claws on its wings.

¢ E.g. cells or organs whose function is to nourish another cell or
organ. Some parts of the placenta (after-birth) are of maternal and
some of fartal origin.  Is the endosperm of & maize grain which serves
as food for the embryo to be regarded as a separate individual ¥
Probably, smee it can inherit characters differing from those of the
embryo.
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and their final merging into one another, or into higher
forms, determines the life of nature. Attraction and »
Repulsion. Polarity begins with magnetism, it is
exhibited in one and the same body; in the case of
electricity it distributes itself over two or more bodies

- which become oppositely charged. All chemical pro-

cesses reduce themselves to processes of chemical
attraction and repulsion. Finally, in organic life the
formation of the cell nucleus is likewise to be regarded
as a polarisation of the living protein material, and
from the simple cell onwards, the theory of evolution
demonstrates how each advance up to the most compli-
cated plant on the one side, and up to man on the other, -
is effected by the continual conflict between heredity
and adaptation. In this connection it becomes evident

how little- applicable to such forms of evolution are

[ ”

categories like ** positive ” and * negative.” One can
conceive of heredity as the positive, conservative side,
adaptation as the negative side that continually destroys
what has been inherited, but one can just as well take
adaptation as the creative, active, positive activity,
and heredity as the resisting, passive, negative activity.
But just as in history progress makes its appcarance
as the negation of what exists, so here also—on purely
practical grounds—adaptation is better conceived as
negative activity. In history, motion in opposites is
most markedly exhibited in all ecritical epochs of the
foremost peoples. At such moments a people has only
the choice between the two horns of a dilemma : “ either

—or!” and indeed the question is always put in a way

quite different from that in which the philistines, who
dabble in politics in every age, would have liked it put.
Even the liberal German philistine of 1848 found himself
in: 1849 suddenly, unexpectedly, and against his will

.confronted by the question : a return to the old reaction

in an intensificd form, or continuance of the revolution
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up to the republic, perhaps even the one and indivisible -
republic with a socialist background. He did not-

spend long in’ reflection and "helped te create the
Manteuffel reaction as the flower of German libéralism.

Similarly, in 1851, the French bourgeois when faced

with the dilemma which he certainly did not expect: &
caricature of empire, pretorian rule, and the exploitation

of France by a gang of scoundrels, or a social-democratic

republic—and he bowed down before the gang of
scoundrels 50 as to be able, under their protection, to go
on explmtmg the workers, :

The Struggle for Life.—Until Darwin, what was stressed.

by his present adherents was precisely the harmonious co-
operative working of organic nature, how the plant
kingdom supplies animals with nourishment and oxygen,

and animals supply plants with manure, ammonia, and.

carbonic acid. Hardly was Darwin recognised before
these samc people saw everywhere nothing but struggle.
Both views are justified within narrow limits, but both
are equally one-sided and prejudiced. The interaction
of dead natural bodies includes both harmony and
collisions,” that of living bodies  conscious and un-
conscious co-operation equally - with conscious and
unconscious struggle. Hence, even in regard to nature,
it is not permissible one-sidedly to inscribe only

““struggle ”” on one’s banners. But it is absolutely childish

to desire tosum up the whole manifold wealth of historieal
evolution and complexity in the meagre and one-sided
phrase *‘ struggle for life.” That says less than nothing.

The whole Darwinian theory of the struggle for life is
simply the transference from society t6 organic nature
of Hobbes™ theory of bellum omnium contra omnes, angd
of the hourgeois cconomic theory of competition, as
well “as the Malthusian theory of population. When
once this feat has been accomplished (the unconditional
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Jjustification for which, .especially as regards the

Malthusian theory, is still very questionable), it is very
easy to transfer these theories back again from natural
history to the history of society, and altogether too
naive to maintain that thereby these assertions have
been proved as eternal natural laws of society.

Let us accept for a moment the phrase * struggle for
life ” for argument’s sake. The most that the animal
can achieve is to collect ; man produces, he prepares the
means of life in the widest sense of the words, which,
without him, nature would not have produced. This
makes impossible any immediate transference of the
laws of life in animal societies to human ones. Pro-
duction soon brings it about that the so-called struggle
for existence no longer turns on pure means of existence,
but on means for enjoyment and development. Here—
where the means of development are socially produced-—
the categories taken from the animal kingdom are already
totally inapplicable.! Finally, under the capitalist
mode of production, production reaches such a height
that society can no longer consume the means of life,
enjoyment, and development that have been produced,
because for the great mass of producers acecess to these ‘
means is artificially and foreibly barred; and there-
fore every ten years a crisis restores the equilibrium
by destroying not only the means of life, enjoyment, and
development that have been produced, but also 2 great.
part of the productive forces themselves. Hence the
so-called struggle for existence assumes the form: to
protect the products and productive forces produced by
bourgeois capitalist -society against the destructive,
ravaging effect of this capitalist social order, by taking
control of social production and distribution out of

! In particular the struggle ceases to be a Darwinian struggle for life. -
Even allowing for their lower infant mortality, the bourgeoisie breed
mare slowly than the workers, and if the\ win the struggle for wealth,
lose the struggle for life.
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the hands of the ruling capitalist class, which has become’

‘incapable of this function, and transferring it to the
produecing masses-—and that is the socialist revolution.

- Even by itself the conception of history as a series of -

elass struggles is much richer in content and deeper than
merely reducing it to weakly dlstmgu:shed phases of the
struggle for exmtence :

L’ighi and_darkness are certainly the most conspicuous

and definite opposites in nature; they have always

served as a rhetorieal phrase, from the time of the fourth

Gospel to the lumiéres of religion and philosephy in the .

_eighteenth century. Fick, p. 9: “ the law long ago
rigidly demonstrates in physies . . . that the form of
motion called radiant heat is identical in all essential
respects with the form of motion that we call light.”
Clerk Maxwell, p. 14 1: “ These rays (of radiant heat)

“have ali the physical properties of rays of light and are
capable of reflection, etc. . . . some of the heat-rays -

are identical with the rays of light, while other kinds
of heat-rays make no impression upon our eyes.”

Hence there exist dark light-rays,? and the famous
opposition between light and darkness .disappears from-
natural science in its absolute form. Incidentally, the

deepest darkness and the brightest, most glaring, light - |

have the same effect of dazzlmg our eyes, and 50 for us
also they are identical. -

The fact is, the sun’s rays - have different effects
according to the length of the vibration, those with the'
greatest wave-length communicate heat, those with

- medium wave-length, light, and those with the shortest

" wave-length,3 chemical action (Secchl p- 832 et seq.),

-1 See Appendix IT, p. 334. :

2 Now generally called infra-red rays, as  they have slower frequencies
than red light.

3 Le. ultra-violet mdi wion. X-rays, of course, have a still shorler
wave-length. ’ : :
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the maxima of the three actions being closely approxi-
mated, the inner minima of the outer group of rays, as
regards. their action coinciding within the light ray
group.! What is light and what is non-light depends
on the structure of the eye. Night animals may be
able to see even a part, not of the heat rays, but of the
chemical rays, since their eyes are adapted for shorter
wave-lengths than ours. The difficulty disappears if
one assumes, instead of three kinds, only a single kind
of ray (and scientifically we know only one and everything
else is a premature conclusion), which has different, but
within narrow limits compatible, eﬂ’ects according to the
wave-length.2 :

" Work.—The mechanical theory of heat has transferred
this category from economics into physics (for physio-
logically it is still a long way from having been scientifi-
cally determined), but in so doing it becomes defined in
quite a different way, as seen even from the fact that
only a very slight, subordinate part of economic work
{lifting of loads, ete.) can be expressed in kilogram-
metres. Nevertheless,. there is an ineclination to. re-
transfer the thermodynamical definition of work to the

~ sciences from which the category was derived, with

a different determination. For instance, without further
ado, to identify it wholesale with physiological work,
as in Fick and Wislicenus’ Faulhorn experiment,3 in
which the lifting -of a human body, say 60 kgs., to a
height of say 2,000 metres, i.c. 120,000 kilogram-metres,

is' supposed to express the physiological work done. -
In the physiological work done, however, it makes an

1 I.e. visible rays have slight heating and chemical effects.

2 This is, of course, correct, There is a continuous series of rays from
radio to y-rays, in which a quantitative change in the wave-length
shows itself in great qualitative differences. But this bas only been
discovered since Engels’ death,

® These two physiologists observed their metabolism (by collecting
urine, ctc )} when elimbing this mountain.
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enormous difference how this Hftiﬁg is effected : whether

by positive lifting of the load by mounting vertical

ladders, or whether along a road or stair with 45° slope
(militarily impracticable ground), or along a road with
a slope of 1/18, hence a length of about 86 kms. {but this
is questionable, if the same time is allowed in all cases).
At any rate, however, in all practicable cases a forward
motion also is. combined with the lifting, and indeed
‘where the road is quite level. this is fairly considerable
and as physiological work it cannot be put equal to zero.
In some places there even appears to be not a little
desire to re-import the thermodynamical category of
work back info economics ! (as with the Darwinists and
the struggle for existence), the result of which would be
‘nothing but nonsense. Let someone try converting
any skilled labour into kilogram-metres and then
determining wages by means of it! Physiologically

considered,” the human body contains organs which’

in their totality, from one aspect, can be regarded as a
thermodynamical machine, where heat is supplied and
eonverted into motion.? But even if one pre-supposes
constant conditions as regards the other bodily organs,
1t is questionable whether physiological work done,

even lifting, can be at once fully expressed in kilogram- -

mmetres, since within the body internal work is performed

at the same time which dees not appear in the result.3’

For the body_is not a steam engine, which only undergoes
friction and depreciation. Physiological work is only
possible with continued chemical changes in the body

itself, depending also on the process of respiration and

the work of the heart. Along with every muscular

! Compare Professor Soddy’s writings in our own time.

. ? This was commonly believed in Engels’ time, but is now kanown to
be untrue. - Chemical energy is not converted into heat before being
transformed into the energy of museular motion. )

* Thus an isolated musele may have an efficiency of nearly 50 per
cent., i.e..convert nearly half the available chemicaj energy. into work
but the efficiency of the body as a whole rarely rises to 25 per cent. ’
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contraction or relaxation, chemical changes oceur in
the nerves and muscles, and these changes cannot be
treated as parallel to those of coal in a steam engine.
One can very well compare two instances of physiological
work that have taken place under otherwise identical
conditions, but one cannot measure the physical work
of a man after the manner of that of a steam engine,
cte.; their external results, yes, but not the processes
themselves without considerable reservations. (All this
has to be greatly revised.)! - C

Induction and Analysis—A striking example of how
little induetion can claim to be the sole or even the
predominant form of scientific discovery occurs in
thermodynamics : the steam engine provided the most
striking proof that one can impart heat and obtain
mechanical motion.. 100,000 steam engines do not
prove this more than one, but only more and more forced
the physicists into the neeessity of providing an explana-
tion. Sadi Carnot 2 was the first seriously to set about
the task. DBut not by induction. He studied the steam
engine, analysed it, and found that in it the process
which mattered does not appear in pure form but is
concealed by all sorts of subsidiary processes. He did
away with these subsidiary circumstances that have no
bearing on the essential process, and constructed an
ideal steam engine (or gas engine), which it is true is as
little capable of being realised as, for instance, a geo-
metrical line or surface, but in its way performs the same -
service as these mathematical abstractions ; it presents
the process in a pure, independent, and unadulterated
form. And he came right up against the mechanical
cquivalent of heat (see the significance of his function (), -

! lven after sixty years it needs very little revision on the seientific
side, exeept that aceurate figures could be given proving the correctness
of all but one of Engels’ statements. ‘ o ’

? French physicist of the early nineteenth century.
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which he only failed to discover and see because he
believed in calorie. - Here also proof of the damage done
by false theories. o SRR

The successive development of the separate branches of
natural science should be studied. First of all, astronomy,
which, if only on account of the seasons, was absolutely
indispensable for pastoral and agricultural peoples.

Astronomy can only develop with the aid of mathematics. .

Hence this also had to be tackled. Further, at a certain
stage of agriculture and in certain regions (raising of
water for irrigation in Egypt), and especially with the
origin of towns, big building operations, and the develop-
ment of handierafts—mechanics. - This was soon needed

also for navigation and war. Moreover, it requires the -

aid of mathematics and so promotes the latter’s develop-:
 ment. - Thus, from the very beginning the origin and

development of the sciences has been determined by

production.

~ Throughout antiquity, smentlﬁc mvestlgatlon proper
remained restricted to these three branches, and indeed-
in the form of exact, systematic research it occurs for the

first time in the post-classical period (the Alexandrines, -

Archimedes, ete.). In physics and chemistry, which
were as yet hardly separated in men’s minds (theory
of the elements, absence of the idea of a chemical
- element), in botany, zoology, human and animal

anatomy, it had only been possible until then to collect -
facts and arrange them as systematically as possible. -
Physiology was sheer guesswork, as soon as one went -

beyond the most tangible things—e.g. digestion and.
excretion—and it could not be otherwise when even the

circulation of the blood was not known. At the end .
of the period, chemistry makes its appcarancc in its

primitive form of alchemy.,

If, after the dark night of the Middle Ages was ov el, .
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the sciences suddenly arose anew with undreamt-of
force, developing at a miraculous rate, once again we
owe this miracle to—production. In the first place,
following the crusades, industry developed enormously
and brought to light a quantity of new mechanical
(weaving, clock-making, milling), chemical (dyeing,
metallurgy, alcohol), and physical (lenses} facts, and
this not only gave enormous material for observation,
but also itself provided quite other means for experi-
menting ' than previously existed, and allowed the
construction of new instruments; it can be said that
really systematic experimental science had now. become
possible for the first time. Secondly, the whole of
West - and Middle Europe,. including Poland, now
developed in a connected fashion, even though’ Italy

was still at the head in virtue of its old-inherited civili-

sation. Thirdly, geograplucal diseoveries—made purely
on behalf of gain and, therefore, in the last resort, of
production—opened up an infinite and hitherto in-
accessible amount of material of a meteorological,
zoological, botanical, and physiological (human) bearing.
Fourthly, there was the printing press.

‘Now—apart from mathematies, astronomy, and
mechanies which were already in existence—physies
beeomes definitely separate from chemistry (Torricelii,
Galileo—the former in connection with industrial water-
works studied first of all the movement of fluids; see
Clerk Maxwell). Boyle put chemistry on a stable basis
as a science, Harvey did the same for physiology
(human and animal) by the discovery of the blood

citeulation. Zoology and botany remain at first col-

lecting seiences, until palmontology appeared on the
scenc—C(uvier—and shortly afterwards came the dis-
covery of the cell and the development of organic
chemistry. Therewith comparative morphology and
physiology became possible and from then on hoth are
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true sciences. Geology was founded at the end of the
last century, and recently anthropology, badly so-called,
enabling the transition from morphology and physiology

of man and human races to history. This to be studied

" further in detail and to be developed.

Clausius’ second law,® etc., however it may be
formulated, shows energy is lost, qualitatively 2 if not
~quantitatively. Entropy cannot be destroyed by natural
means but it can certainly be created. The world clock
has' to be wound up, then’it goes on running until it
arrives at a state of equilibrium from which only a

miracle can set it going again. The energy expended

in winding has disappeared, at least qualitatively, and

can only be restored by an impulse from outside. Hence,.

an impulse from outside was necessary at the beginning
also, hence, the guantity of motion, or energy, existing
in the universe was not aIways the same, hence, energy
has been artificially created, 7.e. it must be ereatable,
and therefore destructible. 4d absurdum ! '

Dv}ﬁérence between the situalion at the end of the
ancient world, ca. 300—and at thé end of the Middle
Ages—1458 :

1. Instead of a thin strip of civilisation along the coast
of the Mediterranean, stretching its arms sporadically
in the interior and up to the Atlantie coast of Spain,
France, and England, which could thus easily be broken
through and rolled back by the Germans and -Slavs
from the North, and by the Arabs from the South-East,
there was now a closed area of civilisation—the whole of
West Europe with Scandmawa Poland, and Hungary
as advance posts.

i See Appendix II, p. 355.

* ILe. other forms of energy are degraded Lo heat, and high-tempera-

ture heat to low-temperature heat,
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2. Instead of  the contrast between the Greeks, or
Romans, and the barbarians, there are now six civilised
peoples with civilised languages, not counting the
Scandinavian, ete., all of whom had developed to such
an extent that they could participate in the mighty rise-
of literature in the fourteenth century, ensuring a far
more diversified culture than that of the Greek and
Latin languages, which were already in decay and dymg
out at the end of ancient times.

3. An infinitely higher development of industrial
production and trade, created by the burghers of the
Middle Ages ; on the one hand production more perfected,
more varied .and on a larger scalé, and on the other
commerce much stronger navigation being infinitely
more enterprising since the time of the Saxons, Friesians,
and Normans, and on the other hand also the amount of
inventions and importation of oriental inventions,
which not only for the first time made possible the
importation and diffusion of Greek literature, the mari-
time discoveries, and the bourgeois religious revolution,
but also gave them a quite different and quicker range
of action. In addition they produced a mass of scientific

facts, although as yet unsystematised, such as antiquity

never had (the magnetic needle, printing, type, flax
paper, used by the Arabs and Spanish Jews since the
twelfth century, - cotton. paper gradually making its
appearance since the tenth century, and already more
widespread in the thirteenth and fourteenth centuries,
papyrus quite obsolete in Egypt since the Arabs)-—
gunpowdcr, lenses, mechanical ‘clocks, great progress
hoth of chronology and of mechanics.

{Sec below concerning inventions.)

In addition material provided by travels -(Marco
.Bolo, ca. 1272, ete.).

General education, even though still. ha.d muoh morc-
widespread owing to the universities.
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With the rise of Constantinople and the fall of Rome,

antiquity comes to an end. The end of the Middle -

Ages is mdlssolubly linked with the fall of Constanti-

nople. The new age hegins with the return to the_'

Greeks ~ Negation of the negat:on P
sttorzcal Matemal.mInventwns o

B.C. -
- Fire-hose, water- clock ca. 200 B C Street paving
: (Rome) : el
Parchment ca..160. -
CA.D. '

‘Water-mill on the M. oselle ca. 340, in Germany in the
tlme of Charles the Great.”

First signs of gla.ss wmdows street hghtmg in Antloch
ca. 870.

Silk-worms from Chma, ca. 550 in Greece.

Pens in the sixth century. :

- Cotton paper from China to the Arabs in the seventh
centurv, in the ninth in Italy. '

* Water organs in France in the eighth century

* Silver mines in' the Harz worked smce the tenth
century. - '

Windmills about 1000,

Notes, Guido of Arezzo’s musieal scale, ¢a. 1000.

Sericulture introduced in Italv, cet. 1100:

Clocks with wheels—ditto. :

" Needle magnet from the Arabs to the Europeans ca.
1180.

Street paving in Parls 1184. _ -

Lensesin Florence, Glassmirrors.  YSecond half of

Striking elocks, cotton paper in F Tance. } thirteenth

Herring-salting. Sluices. century,’ .

Rag-paper—beginning of fourteenth century. )

Bills of exchange——mlddle of ditta.
~ First paper mill in Germany (\'uremberg) 1390.
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- Street lighting .in London Beginning - of - fifteenth
century S Lol o -
. Post in Venice—ditto.
‘Wood-cuts and printing—ditto.
Copper-cngmving————middlc ditto.

- Horse post in France 1464,

.. Silver mines in the Saxon Erzgebirge, 1471,
Hdrpsu,hord invented 1472, S
Pocket  watehes. . Air-guns. lr‘Iintlock———end- - of

flfteenth century. S : -
Spinning wheel 1530,

Diving bell 1538.
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" Halley, at the heginning. of the eighteenth century,
from the difference hetween the data of Hipparchus
and . Flamsteed on three stars, first gave the idea of
proper motion, p. 410. Flamsteed’s British Catalogue,
the first approximately accurate and comprehensive onc,
p. 420, then ce. 1750, Bradley, Maskelyne, and Lalande.

Crazy theory of the range of light rays in the casc of
enormous bodies and \Iddler s calculation based on this
—e@§ CYAZY 85 amthmg in Hcgel’ s Philosophy of Nature,
pp- 424-5.

The strongest (dppaunt) proper motion of a star—
701" in a century=11" 41”=one-third of the sun’s
diameter ;. smallest av i,rafn of 921 telescopic stars
565", some 4", Milky Way a series of rings, all with a
conmimon eentre of gravity, p. 1434,



220 DIALECTICS OF .NATURE

" The Pleiades Group, and in it Alcyone.;q Tauri, ,thel '
centre of motion for our island universe * as far as the -
most remote regions-of the Milky Way,” p. 448. - Period .

of revolution within the Pleiades group on the average
ca. two million years, p. 449. About the ‘Pleiades are
annular groups alternately poor in stars and rich in

stars. Secchi contests the possibility of fixirig a centre

as the present time. :
According to Bessel, Sirius and Procyon describe an
orbit about a dark body, as well as the general motion,
p. 450. Lo o
 Eclipse of Algol every 8 days, -duration 8 hours,
confirmed by spectral analysis, Seechi, p. 786. SRR
In the region of the Milky Way, but deep within it,

dense ring of stars of magnitudes 7-11; a long way

outside this ring.are the coneentric Milky Way rings, of
which we see two, In the Milky Way, according to
. Herschel, 18 million stars visibie through his telescope,
those lying within the ring being ca. 2 million or more,
hence over 20 million in all. In addition there is always
a non-résolvable glow in the Milky Way, even behind the
resolved stars, hence perhaps still further rings concealed
owing to perspective ? Pp. 451-2. .
~ Aleyone distant from - the sun 578 light years.l
Diameter of the Milky Way ring of separate visible stars,
at least 8,000 light years, pp. 462, 463. ~
The mass of the heavenly bodies moving within the
sun-Alcyone radius of 578 light years is caleulated at
118 million sun masses, p. 462, not at all in agreement
with the at most 2 million stars moving therein. Dark
bodies ? At any rate something wrong. A proof how
imperfect our observational bases still are.
For the outermost ring of the Milky Way, Midler
~ assumes a distance of thousands, perhaps of hundreds
of thousands, of light years, p. 464. R

1 Miidler’s figure, incorrect.
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A beautiful argument against the so-called absorption

-of light :.

* At any rate, there does exist a distance (from
which no further light can reach us), but the reason
is quite a different one. The velocity of light is

- finite ; from the beginning of creation to our day a

Jinite time has elapsed, and therefore we can only

- become aware of the heavenly bodies up to the distancg

which ' light has traversed in this .finite time!’""
(p. 466), _

That light, decreasing in intensity ‘accord_ing' to the
square of the distance, must reach.a point where it is no
longer visible to our eyes, however much the latter may
be strengthened and equipped, is quite obvious, and
suffices ! for refuting the view of Olbers that only light
absorption is capable of explaining the darkness of
space that nevertheless is filled in all directions withr
shining stars to an infinite distance. This is not in-
tended to mean that there does not exist a distance at
which the ether allows no further light to penetrate.

Nebule.—Of all forms, strictly circular, clliptieal,
or irregular and jagged. All degrees of resolvability,
merging  into total non-resolvability, where only a
thickening towards the centre can be distinguished.
In some of the resolvable nebulx, up to ten thousand
stars are perceptible, the middle mostly denser, very
rarely a central star of greater brilliance. " Rosse’s
giant telescope has, however, resolved many of them,
Herschel 12 counts 197 star aggregations and 2,300
nebul®, to which must be added those catalogued by

! Engels’ argument Is incorrect here. If space were cvenly filicd
with stars which had been shining for ever as brightly as those in our
neighbourhood, and there were no absorption, we should be roasted by
starlight !

. * These refer to the two Herschels, father and son, both first-rate
astronomers. .
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Herschel I1 in the southern heavens. The irregular ones
must be distant island universes,! since masses of vapour
can only exist in ethbnum in_globular or ellipsiodal
form. Most of them, moreover, are only just visible
even through the strongest telescopes. . At any rate the
circular ones can be vapour masses; therc: are 78 of
them - among the .above 8,500, - Herschel assumes
2 million, Médler—on the assumptlon of a true diaineter
“equal to 8,000 light years—30 million light vears distant
from us. Since the distance of any astronomical
system of bodies from the next one amounts to at least
a hundredfold the diameter of the system, the distance
of our universe from the next onec would be at least
50 times 8,000 light years =100,000 light years, in which
case with the several thousands of nebule we get far
beyond Herschel F’s 2 million, p. 492.

‘Secchi : The resolvable * nchula give a contlnuous
and an ordinary stellar spectrum. The nebule proper,

however, *“ in part give a continuous spectrum like the
D

nebulz in Andromeda, but usually they give a spectrum

. consisting of one or only very few bright lines, like the
nebule in Orion, in Sagittarius, in Lyra, and the
majority of those that are known by the name of

pl.:metary (circular} nebule,” p. 787. (The nebula in

Andremeda 'according to Madler, p. 495, is unresolvable

—the nebula in Orion is irregularly flocculent and, as it

were, puts out arms, p. 495. Those of Lyra and the

Cross are only slightly. elliptical, p. 498.) Huggins
found in the spectrum of Herschel’s nebule No. 4374,

three bright lines, * from this it follows immediately

that this nebula docs not consist. of an' aggregate of

separate stars, but is a frue nebula, a glowing substance

v Ie. systems of sturs like our own Milky Way. - Modern figures, of

course, differ appreciably from those given, hut are of the same gener'l!

order.
2 I.e. bodies which appenr #s nebule’ with a small lnle‘icope, but as
clusters of stars with a large one,
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in the gaseous state.” The lines belong to nitrogen (I}
and hydrogen (I), the third is unknown. Similarly for
the nebula in Orion. Even nebule that contain

.gleaming points (Hydra, Sagittarius), have these bright

lines, so that star masses in course of aggregation are
still not solid or liquid, p. 789. The nebula in Lyra
has only a nitrogen. line, p. 789. . The densest place of
the nebula in Orion is 1°, its whole extension 4°. -

Secchi : Sirius :

- Kleven years later (dccoxdmg to Bessel's calcula-
tion, Midler, p. 450) . . . not only was the satellite of
Sirius discovered in the form of a seif-luminous star
of the sixth magnitude, but it was also shown that
its orbit coincides with that calculated by Bessel.

. Since -then the -orbit also for Procyon and its com- -

panion has been determined by Auwers, although the
“satellite 1tself has not yet been seen ™ (p 793).

Secchi :'Fm:ed Stars : * Since the fixed stars, with the
exception of two or three, have no perceptible parallax,
they are at least ”” some 30 light years distant from us,
p. 799. According to Secchi, the stars of the 16th
magnitude (still d15t1ngu1shable in Herschel’s big

telescope) are 7,560 light years- distant, thosc distin-
guishable in Rosse’s telescope are at least 20,900 l:ght
years distant, p. 802.

Secchi, p. 810, himself asks If the sun and the whole
system becomes frozen; * are there forces in nature
which can put the dead system back into the original
state of glowing nebula and re- awaken 1t to new hfe 2
We do not know ”
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The transformation of 'quam‘:ity into_ quality =
“ mechanical ” world outlook, quantitative change
alters quality. . The gentlemen never suspected that !

" Identity and difference—necessity and chance—
cause and effect—the two main opposites which, treated
separately, become transformed into one another.. ‘

And then “ first prineciples ” must help.

. Just as Fourier ! is a mathematical poem and yet still
used, so Hegel a dialectical poem.. " o T

.~ Hegel's conception of force and its expression, cause.
and effect as identical, is proved by the change of form of
matter, where the equivalence is shown mathematically.
This had already been recognised in measurement.
Force is measured by its expression, cause by effect. -

- . The evolution of a concept, for instance, or of a
conceptual relation (positive and negative, cause and
. effect, substance and accident) in the historyof thought,
is related to its development in the mind of the individual
dialectician, just as the evolution of an organism in
paleontology is related to its development in embry-
ology (or rather in history and in the single embryo).
That this is so was first discovered by Hegel for concepts.
In historical development, chance plays its part, which
in dialectical thinking, as in.the development of the
embryo, is comprised in necessity. : - '.
Abstract and concrete. The general law of the change
" of form of motion is much more concrete than any single
“ concrete ” example of it.

! Fourier's mathematical theory of heat, in which he founded modern
harmonic analysis. Many of his theorems, as stated, were, false.
But they were not only beautiful, but of great practical value. They
have now been stated in their correet form, or at least more nearly so.
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. T?le significance of names. In organic chemistry the
significance of a body, hence also its name, is no longer
dett?rf]lined merely by its composition, but rather by its
posttion in the series to which it belongs. If we find,
‘therefore; that a body belongs to such a series, its olc’i
name becomes an - obstacle to understanding it and
must be replaced by a series name ! (paraffins, ete.),

sza:c‘kel’s . Nonsense.—Induction against deduction.
As if it were not the case that deduction —inference
and therefore induction also a deduction. This ccome.sf
from polarisation. ' '

By ‘induction it was discovered 100 vears ‘ago that
crabs and spiders were insects and all lower animals
were worms. By induction it has now been found that
this is nonsense and therc exist z classes. Wherein
thel? lies the advantage of the so-called inductive con-
clusion, which can be just as false as the deductive
conclusion, the basis of which.-is classification ?

Induct_i__on can never prove that there will never be a
mammal without lacteal glands. Formerly nipples
were the mark of a mammal. But the platypus has
none. .

The whole swindle about induction was invented by
thf:‘_'Eninshmen; Whewell, Inductive Sciences, com-
prising the purely mathematical side, and so the contra-
diction to deduction. ' Logie, old or new, knows nothing
of 'this. All forms of conclusion that start from single
things are experimental and based on experience, indeed
the inductive .conclusion even starts from A—FE—B
(general). |

! The organio chemists attem i . .
c pted to carry this out at a
held at Geneva in 1892, Thus valeric acid (originally so-caHedegggz:‘t?zz

‘it was made from velerian) may be called pentancie acid to show that

it can be derived from the five-carh idising i
corminal carbon atom, on paraffin pentgne by oxidising its

H
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It is also characteristic of the thinking capacity of our
natural scientists that Haeckel fanatieally champions
induction at the very moment when- the results of
induction—the systems of classification—are - every-
where put in question (Limulus ! a spider, 4dscidia 2 a
vertebrate or chordate, the Dipnoi,® however, being
fishes, in. opposition to all original definitions of amphibia}
and daily new facts are being discovered which over-
throw the entire previous classification by induction,
What a beautiful confirmation of Hegel's thesis that the
inductive conclusion is essentially a problematic one !4
Indeed, even the whole classification of organisms has
been taken away from induction owing to the theory of
evolution, and referred back to * deduction,” to heredity
—one species being literally deduced from ancther by
heredity—and it is impossible to prove the theory of
evolution by induetion alone, since it is quite anti-
‘inductive. - The concepts with which induction operates :
species, genus, class, have been rendered fluid by the

theory of evolution and so have become relative: but -

one cannot use relative concepts for induction.

Induction ‘and Deduction. Haeckel, History of
Creation, .pp.- 767, The . conclusion polarised  in
induction and deduction !

Polarisation.—¥or J. Grimm it was still a firmly
established law that a German dialect must be either
High German or Low German. = In this he totally lost
sight of the Frankish dialect. Because the written
Frankish- of the later Carolingian period -was High
German (since the High German shifting of consonants

! The king-crab, shown by Marx’s friend Ray Lankester to be an
arachnid, i.¢. related to the spiders and s«.orpzons, though not of course,
exactly a spider,

tadpole .
3 Lungfishes. - -
1 See \pp('mh\ll i 503

A sea-squirt. _’lhpugh‘the adult is sessile, the Lu‘h& resembles u
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had taken possession of the Frankish South-East), he
imagined that Frankish passed in one place into old High
German, in another place into French. It then remained
absolutely impossible to ecxplain the source of the
Netherland dialect in the ancient Salic regions.  Frankish
was only rediscovered after Grimm’s death : Salic in
its rejuvenation as the Netherland dialect, Ripuaric in
the Middle and Lower Rhine diaicets, which in part
have been shifted to'various stages of High German, and
in part have remained Low German, so that Frankish is-a
dialect that is both High German and Low German.

- Polarity.—A magnet, on being eut through, polarises
the neutral middle portion, but in such a way that the
old poles remain. On the other hand a worm, on being
cut into two, retains the receptive mouth at the positive,
pole and forms a new negative pole at the other end with
exerctory anus; but the old negative pole (the anus)

. nhow becomes positive, becoming a mouth,. and a new

anus or negative pole is formed at the cut end.! Foilg.
transformation of positive into negative.

Another example of polarity in Hicekel : 2 mechanism =
monism, and vitalism-or teleology ==dualism. Already

in Kant and Hegel ‘nner purpose is a protest against

dualism.3 - Mechanism  applied to life is a helpless.

_category, at the most we could speak of chemism, if

we do not want to renounce all understanding of names,
Purpose : Hegel. V, p. 205 : * Mechanism is revealed
as a striving of totality even by the faet that it seeks to
grasp nature for itself as a whoice which requires nothing
clse for its idea—a totality that is not fo be found in
purpose- and the cxtra-mundane understanding connected

! This is a rare type of regeneration, A worm more usually behaves
fike & magnet. '

* See Appendix T1L p. 355, 3 Bee Appendix T%, p. 350.
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with purpose.””  The point is, however, that mechanism

(and also the materialism of the eighteenth century):
does not get away from abstract necessity, and hence :

not from chance either. That matter evolves out of
itself the thinking human brain is for him a pure accident,
although necessarily determined, step by step, where it
happens. * But the truth is that it is the nature of
matter to advance to the evolution of thinking beings,
hence, too, this always necessarily occurs wherever the

conditions for it (not necessarily identical at all places.

and times) are present..

Further, Hegel, V, p. 206: * Hence this prihciple.

(mechanism) gives inits connection of external necessity
the consciousness of infinite freedom as against teleology,
which puts forward the trivialities and even the despic-
able aspects of its content as something absolute, in

which more general thought can only find itself infinitely -

eramped and even affected by disgust.”
‘In regard to this, moreover, the colossal waste of
matter and motion in nature. In the solar system there

are perhaps three planets at most on which life and think-

ing beings could exist—under present conditions. And
the whole enormous apparatus for their sake !

The inner purpose in the organism, according -to
Hegel, V, p. 244,1 operates through émpuise.  Pas irop

fort. “Tmpulse is ‘supposed to bring the single living.
being more or less into harmony with the idea of it..

‘From this it is seen how much the whole inner purpose

is itself an ideological determination. And yet Lamarck:

is contained in this."

Valuable self-eriticism of the Kantian thing in dtself,
that Kant too suffers shipwrecks on the thinking ego and.

likewise discovers in it an unknowable thing in itself.
Hegel, V, p. 256 ¢ seq. o ' o
: 1 See Appendix 1I, p. 836.
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When Hegel makes the transition from living to
knowing by means of propagation! (reproducti‘on)',::
there is to be found in this the germ of the theory of
evolution, that, organic life once given, it must evolve
by the déevelopment of the generations to a genus of
thinking beings. S

Thf-, Darwinian theory to be demonsirated as the
practical proof of Hegel’s account of the inner connection
between necessity and chance.?2

What Hegel calls reciprocal action is the organic body,
which, therefore, also forms the transition to conscious-
ness, i.e. from necessity to freedom, to the idea. .Sec
Logie, 11, conclusion. o

Transformation of quantity into gquality.—Simplest
eJ_campIe oxygen and ozome, where 2 : 3 produces quite
different properties, even in regard to smell. Chemistry
likewise explains the other allotropic bodies 3 merely by a
difference in the number of atoms in the molecule.

If Hegel4 sees nature as a manifestation of the eternal
*“idea ” in its alienation, and this is such a serinus crime,
what are we to say of the morphologist Richard Owen :
* the archetypal idea was manifested in the flesh under
diverse modifications upon this planet, long prior
to the existence of those animal species that actually
exemplify it (Nature of Limbs, 1849). If that is said
by a mystical natural scientist, Who,means' nothing
by it, it is allowed to pass, but if a philosopher says the
same thing, and one who means something by it, and
in fact aw _fond something correct, although in inverted
form, then it is mysticism and a terrible crime. ‘

:, ; Se; ﬂppendix II, p. 357.
.e. different forms of the same substance, for example graphite und
diamend. This explanation is now thought to hold i o en l
+ See Appendix 1. p. 358. W tho g in some cases only.
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The empiricism of - observation alone can never.

adequately prove necessity. Post hoc but not propter

hoc (Encyclopaedia, I, p. 84). This is so very correct

that it does not follow from the continual rising of the

sun in the ‘morning that it will rise again.to-morrow,
and in fact we know now that a time will come when
one morning the sun will not rise. But the 'proof of
necessity lies in human activity, in experiment; in wo?k :
if I am able to make the post hoc, it becomes identical
with the propter hoc.

Chance and Necessity.—Another contradiction in -

which metaphysics is entangled is that of c‘hance and
necessity. -What can be more sharply co_ntra.dlt.:tory t!lan
these two thought determinations ? How is it possible
that both are identical, that the accidental is necessary,
and the necessary is also accidental ? Commonsense,
and with it the great majority of natural scientists,
treats necessity and chance as determinations that exclude
one another once for all. © A thing, a circumstance, a
.'process is either accidental or necessary, but not boi.:h.
Hence both exist side by side in nature ; nature confains
all sorts of objects and processes, of which some are
accidental, the others neéessary, and it is only a matter
of not confusing the two sorts with one another.” Thus,
for instance, one assumes the decisive specific characters
to be necessary, other differences between individuals

of the same species being termed accidental, and this -

holds good of crystals as it does for plants anfi anilna,l.s.

Then again the lower group becomes accidental .in

relation to the higher, so that it is declared to be 2 mattf:r

of chance how many different species are included in

the genus Felis ! or Agnus, or how many genera and

orders there are in a elass,? and how many ind1v1_duals of
1 £ g. Felis catus, the cat, Felis lev, the lion, Felis onca, the jaguar.

2 This has assumed importance with the work of Willis and others,

who find definite laws governing these numbers. .
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cach of these species exist, or how many different species
of animals ocecur in a given region, or what in general
the fauna and flora is like. And then it is declared
that the necessary is the sole thing of scientific interest
and that the accidental is a matter of indifference to
science. That is to say: what can be brought- under
laws, hence what one knows, is interesting ; what cannot -
be brought under laws, and therefore what onc does not
know, is a matter of indifference and can he ignored.
Thereby all science comes to an end, for it has to investi-
gate precisely that which we do not know. It means to
say : what can be brought under general laws is regarded
as necessary, and what cannot be so brought as acci-
dental. Anyone can see that this is the same sort of
seience as that which proclaims natural what it can
explain, and ascribes what it cannot explain to super-
natural causes ;' whether I term thc cause of the in-
explicable chance, or whether I term it God, is a matter
of complete indifference as far as the thing itself is,

~concerned. Both' are only expressions which say: I

do not know, and therefore do not ‘helong to science.
The latter ceases where the requisite connection is
wanting. - :

In opposition to this view there is detepminism, which
has passed from French matcrialism into natural science,
and which tries to dispose of chance by denyving it

- altogether.  According to this conception only simple,

dircet necessity prevails in nature. That a particular
pea-pod contains five peas and not four or six, that a
particular dog’s tail is five inches long and not a whit
longer or shorter, that this year a particular clover
flower was fertilised by a bee and another not, and indeed
by preciscly one particular bee and at a particular time.
that a particular windblown dandelion seed has sprouted
and another not, that last night I was bitten by a flca
at_four o'clock in the morning, and not at three or five
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o’clock, and on the right shoulder and not on the left
calf—these are all facts which have been produced by an-
irrevocable concatenation of cause and effect, by an
unshatterable necessity of such a nature indeed that the
gaseous sphere, from which the solar system was derived,
was already so constituted that these events had to

happen thus and not otherwise. “With this kind of

necessity we likewise do not get away from the theo-
logical conception of nature.  Whether with Augustine
and Calvin we call it the eternal decree of God,- or
Kismet as the Turks do, or whether we call it necessity,
s all pretty much the same for science. There is no
question of tracing the chain. of causation in any of
these cases; so we are just as wise in one as in another,

the so-called necessity remains an empty phrase, and

with it—chance also remains what it wads before. As

long as we are not able to show on what the number of -

peas in the pod depends, it reJmaihs just a matter of
chance, and the assertion that the case was foreseen
already in the primordial constitution of the solar system
does not get us a step further.  Still more. A science
which was to set about the task of following back the
casus of this individual pea-pod in its causal concatena-
tion would be no longer science but pure -trifling;
for this same pea-pod alone has in addition innumerable
other individual, accidental-seeming qualities': shade of

colour, thickness, hardness of the pod, size of the peas,

not to speak of the individual peculiarities revealed
by the microscope. The one pea-pod, therefore,

would already provide more causal comnections for
following up than all the botanists in the world could

solve.
Hence chance is not here explained by necessity, but

rather necessity is degraded to the production of what

is merely accidental. If the fact that a particular pea-

pod contains six peas, and not five or seven, is of the
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same order as the law of motion of the solar system, or
the law of the transformation of energy, then as a matter
of fact chance is not elevated into necessity, but rather
necessity degraded into chance. Furthermore, however
much the diversity of the orgauic and inorganic species
and individuals existing side by side in a given area
may be asserted to be based on irrefragable necessity,
for the separate species and individuals it remains
what it was before, a maiter of chance. ¥or the indi-
vidual animal it is a matter of chance, where it happens
to be born, what medium it finds for  living, what
enemies and how many of them threaten it.” For the

‘mother plant it is a matter of chance whither the wind

scatters its seeds, and, for the daughter plant, where
the seed finds soil for germination; and to assure us
that here also everything rests on irrefragable necessity -
is a poor consolation. The jumbling together of natural
objects in a given region, nay more, in the whole
world, for all the primordial determination from efernity, -

remains what it was before—a matter of chance,

In contrast to both conceptions, Hegel came forward
with the hitherto quite unheard-of propositions that the
accidental has a cause because it is accidental, and just

- as much also has no cause because it is accidental ; -

that the accidental is necessary, that necessity deter-
mines itself as chance, and, on the other hand, this
chance is rather absolute necessity (Logie, 11, Book I,
2 : Reality).! Natural science has simply ignored these
propositions as paradoxical - trifling;2 as self-contra-

1 See Appendix II, p. 338. :

% Spience is now. beginning to tackle these guestions in connection
with quantum mechanics, and will doubtless tind a way of expressing
them less paradoxically than Hegel's. Meanwhile there seems to be
little doubt that many of the laws of ordinary physics are statistical
consequences of chance. events in atoms. But these chance events
are necessary, because, though we eannot predict what a given aton
will do, we can predict how many out of a Jarge number will go through a

- given process,

H*
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dictory nonsense, and, as regards theory, has persisted
on the one hand in the barrenness of thought of Wolffian
metaphysics, according to which a thing is either acci-

dental or necessary, but not both at once; or, on the

“other hand, in the hardly less thoughtless mechanical

determinism which by a phrase - denies chance in .

general only to recogmse it in pra.ctme in each par-
‘tieular case. ‘

While natural science continued to thmk i this way, ‘

‘what did # do in the person of Darwin ?

~ Darwin, in his epoch-making work, set.out from the
widest existing basis of chance. Precisely the infinite,
accidental differences between - individuals “within a
single species, differences which- become accentuated
until they break through the character of the species,
and whose immediate causes even ¢an be demonstrated
only in extremely few cases, compelled him to questlon

the previous basis of all regularity in biology, viz. -

the concept of species in its previous metaphysical
r1g1d1ty and unchangeablhty Without the concept of
species, however, all science was nothing. All its
branches needed the conecept of species as basis : human
anatomy and comparative anatomy—embryology,

zoology, palzontology, botany, cte.,, what were they .

without the concept of species ?. Al their results were
not only putin question but directly suspended. Chanee
overthrows necessity, as conceived hitherto (the material
of chance occurrénces which had accumuldated in the
meantime smothered and . shattered -the old idea of
necessﬂ:y) The previous idea of necessity breaks down.
To retain it means dictatorially to impose on nature as a

law a human arbitrary determination that is in contra-

diction to itself and to reality, it means to deny thereby

all inner necessity in living nature, it means generally

to proclaim the chaotic kmgdom of chance to. be the
sole law of living naturc. :

i
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“ Gilt nicht mehr der Tausves Jontof,” ! cry the biolo-
gists of all schools quite logically.

Darwin.

The Struggle for Ezistence—Above all this must be
strictly limited to the struggles resulting from plant and
animal over-population, which do in fact occur at definite -
stages of plant and lower animal life. But one must
keep sharply distinet from it the conditions in which
species alter, old ones die out and newly evolved ones
‘take their place, without this over-population: e.g. on
the migration of animals and plants into new regions
where new conditions of climate, soil, etc., are responsible
for the alteration. If there the individuals which become
adapted survive and develop into a new species by -
continually increasing adaptation, while the other more
stable individuals die away and finally die out, and with
them the imperfect intermediate stages, then this can
-and does proceed without any Malthusianism, and if the
latter should occur at all it makes no change to .the
process, at most it can accelerate it.

Similarly with the gradual alteration of the geo-
graphical, climatic, ete., conditions in a given region

. (desiccation of central Asia for instance) whether the

members of the animal or plant population there exert
pressure on one another is a matter of indifference ;
the process of evolution of the organisms that is de-
termined by it proceeds all the same. It is the same for
sexual selection, in which case too ’\Ialthuslanlsm is quite
unconcerned. -

Hence Heaeckel’s “ adaptation and heredity ™ also can
determine the whole process of evolution, without nced
for selection 2 and Malthusianism. '

} “Gone is the authority of the law and the prophets.” A line from

one of Heine’s poems. See Appendix II, p. 359.
2 The majority of biolugists doubt this to-day.
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Darwin’s mistake lies precisely in lumping together in

“ natural selection ’ or the * survival of the fittest ™

two absolutely separate things: !

1. Selection by the pressure of over-population, where

perhaps the strongest survive in the first place, but where

" the weakest in many respécts can also do so.

2. Selection by greater capacity of adaptation to
altered circumstances, where the survivors are better
suited to these circumstances; but where this adaptation-

as a whole can mean regress just as well as progress (for
instance adaptation to parasitic life is always regress). .
The main thing: that each advance in organic

evolution is at the same time a regression, fiXing
“one-sided evolution and excluding evolution along many.

other directions.?

This, however, ¢ basic law.

1 E.g. the North American rabbits have an cleven-year cyecle, in

which over-population leads to an epidemie Kkilling' most of them,"

Duaring the year or two of over-population they struggle with one
another, during the rest of the eycle there is room for themgagl]. " Haldane
htas stziessed the very different evolutionary effects of these two types of
struggle. :

.. ? E.g. the horse has only one to¢ on each foot, so cannot evolve -
it into a grasping, climbing, or swimming organ as, for example, the -
rat ceuld, though the horse is, of course, a better runmer than the

rat.’
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Dialectical logic, in contrast to the old, merely formal
logic, is not, like the latter, content with enumerating
the forms of motion of thought, .e. the various forms of

judgement and conclusion, ‘and placing them side by

side without any connection. On the contrary, it
derives these forms out of one another, it makes one
subordinate to another instead of putting them on an
equal level, it develops the higher forms out of the lower.
Faithful to his division of the whole of logic, Hegel
groups judgements as:

1. Judgement of inherence, the simplest form of
judgement, in which a general property is affirmatively
or negatively predicated of a single thing (positive

" judgement, the rose is red; negative, the rose is not

blue ; infinite, the rose is not a camel);
2. Judgement of subsumption, in which a determina-
tion relation is predicated of the subject; singular

- judgement : this man is mortal ; particular : some,
‘many men are mortal ; universal : all men are mortal,

or man is mortal ; .

8. Judgement of necessity, in which its substantial
determination is predicated of the subject; categorical
judgement : the rose is a plant; ‘hypothetical judge-
ment : if the sur rises it is daytime: disjunctive:
Lepidosiren is either a fish or an amphibian ;

4. Judgement of the notion, in which is predicated of
the subject how far it corresponds to its general nature or,
as Hegel says, to the notion of it; assertoric judgement :
this house is bad ; problematic : if a house is constituted
in such ahd such a way, it is good; apodeictic: the
house that is constituted in such and such a way is good.

1. Single Judgement. 2 and 8. Special. 4. General.

However dry this sounds here, and however arbitrary
at. first sight this classification of judgements may here
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and there appear, yet the inner truth and necessity of

this - grouping will be illuminating for anyone who

studies the brilliant exposition in Hegel's larger Logic
(Works, V, pp. 638-115). To show how much this
grouping is based not only on the laws of thought but
also on"laws of nature, we would like to put forward
here a very well-known example outside this connection,

That friction produces warmth was already known
practically to prehistoric’ man, who discovered the
making of fire by friction perhaps more than 100,000
years ago,! and who still earlier warmed cold parts of
the body by rubbing. But from that to the discovery
that friction is in general a source of heat, who knows
how many thousands of years elapsed ? Enough that
the time came when the human brain was sufficiently

developed to be able to formulate the judgement:

friction is a source of keal, a judgement of mherence
and indeed a positive one.

‘Still further thousands of years passed until, in 1842,
Mayer Joule, and Colding investigated this special
process in its relation to other processes of a similar
kind that had been discovered in the meantime, 3. e.
as regards its immediate general conditions, and formu-

lated the judgement : all mechanical motion is capable -

of being converted into heat by means of friction.
So much time and an enormous amount of empirieal
. knowledge were required before we could make the
advanee in knowledge of the object from the above

positive judgement of mherence to this universal ]udge- X

ment of subsumption.

But from now on things went quickly. Only three
years later, Mayer was able, at least in substance,- to
raise the judgement of qubsumptmn to thelevel at which
it now stands.

1 Even Sinanthropus pekinensis. w/ whio probably lived over 100,000 years
ago, and was anatomically very different from modem man. used ﬁre
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Any form of motion, under conditions fixed for each
case, is both able and compelled to undergo transforma-
tion, directly or indirectly, into any other form of motion :

- a judgement of the notion, and moreover an apodeictie
_ one, the highest form of judgement altogether.

- What, therefore, in Hegel appears as a development,_

of the thought form of judgement as such, confronts us

here as the development of our empirically based
theoretical knowledge of the nature of motion-in general.
This shows, however, that laws of thought and laws of
nature are necessarily in agreement with one another, if
only they arc correctly known. '
We can- conceive the first judgement as that of
singularity; the isolated fact that friction produces heat
is registered. The second judgement is that of particu-

larity : a special form of motion, mechanical motion,

exhibits the property, under spectal conditions (through
frmtmn) of passing into another special form' of motion,
viz. heat. The third judgement is that of universality :
any form of motion proves able and compelled to
undergo transformation into any other form of motion.
In this form the law attains its final expression. By new
discoveries we can give new examples of it, we can give it a
new and richer content. But we cannot add anything
to the law itself as so formulated. In its universality,
equally universal in form and content, it is not susecep-
tible of further extension : ‘it is an absolute law of nature.
Unfortunately we are in a difficulty about the form
of motion of protein, alias life, so long as we are not
able to make protein.! :

1 We cannef vet make proteins, but we cean prepiire some of them

- pure, and, if not alive, they are certainly lively. Thus the pure protein

pepsin will break up at leasi its own weight of another protein per

second, and can break ap about a million times its weight of protein

before wearing out, Others can ‘carry out other similar processes.
We are now beginuing to study their = form of motion ™ while doing
these things. IT we knew enough about their structure to he able to
wiathe them, Hids woudd, of conrse, he casicr, s
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Individuality, particularity, universality——these are .

the three determinations in which the whole * Theory of

"the Notion ” moves.! Under these heads, Pprogression

takes place not in one but in many modalities, from the
single to the particular and from the particular to the

universal, and this is often enough exemplified by Hegel .
- 'as the progression : individual, species, genus.  And now:
the Haxckels come forward with their induction and
trumpet it as a great fact—against Hegel—that there is
progression from the single to the particular and then to
the universal (1), from the individual to the species and
then to the genus—and then permit deductive conclusions -

which are supposed to lead further. These people have

got into such a deadlock over the opposition between '

induction and deduction that they reduce all logical forms,

of coqclusibn to these two, and in so doing do not notice
that (1) they are unconsciously employing quite different
forms of conclusion under these names, {2} .deprive them-:

selves of the whole wealth of forms of conclusion in so far
as it cannot be forced under these two, and (8) thereby

convert both forms, induction and deduction, into sheer

nensense. . R

The above, moreover, demonstrates that judgements

involve not Kant’s * power of judgement * alone, but -

at least some power of judgement,

Hofmann (4 Century of Chemistry under the Hohen-
zollerns?) cites The Philosophy of Nature, with a quotation
from Rosenkranz, the belletrist whom no real Hegelian

recognises. To make the philosophy of nature responsible

for Rosenkranz is as foolish as if Hofmann were to make
the Hohenzollerns responsible for Marggraf’s discovery
of beet sugar. . S : NS

!, ¥ Bee Appendix II, p. 359.
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The eternal laws of nature become transformed more
and more’ into historical ones. That water is fluid

from 0°-100°C. is an eternal law of nature, but

for it to be valid, there must be (1) water, (2) the
given temperature, (8) normal pressure.! On the moon
there is no water, in the sun only its elements,
and the law does not exist for these two heavenly
bodies. - '

The laws of meteorology are also eternal, but only for
the earth or for a body of the size, density, axial inclina-
tion,; and temperature of the earth, and on condition that

‘it has an atmosphere of the same mixture of oxygen and

nitrogen and with the same amounts of water ‘vapour
being evaporated and precipitated. 'The moon has no
atmosphere, the sun one of glowing metallic vapours ;
the former has no meteorclogy, that of the latter is
quite different from ours. _ ‘

Our whole official physics, chemistry, and biology is
exclusively geocentric, calculated only for the -earth.
We are still quite ignorant of the conditions of electric
and magnetic stress on the sun, fixed stars, and nebule,
even on the planets of a different density from ours.?
On the sun, owing to the high temperature, the laws of
chemical combination of the elements are suspended
or only momentarily operative at the limits of the solar
atmosphere, the compounds becoming dissociated again
on approaching the sun. The chemistry of-the sun,
however, is in process of arising, and is necessarily
quité different from that of the earth, not overthrowing
the latter but standing outside it. In the nebule

T We could to-day add a fourth condition. The water must be the
standard mixture of light and heavy water. For ordinary water is -
now known to be a mixture of at least six slightly different compounds.
No doubt our successors will discover still more conditions. :

2 We now know quite a lot about these matters, thanks to the
spectroscope. We know, for example, that many of the atoms in-

the sun’s atmosphere which absorb light are electrically charged, that
the sunspots have magnetio fields, and so on. R
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perhaps there do not exist even those of the 65 elemehts 1
which are possibly themselves of compound nature.
Hence, if we wish to speak of general laws of nature that

are uniformly applicable to all bodies-—from the nebula .
to man—we are left only with gravity and perhaps the.

most general form of the theory of the transformation
-of energy, vulgo the mechanical theory of heat.? But,
on its general logical application to all phenomena of
nature, this theory itself becomes converted into a
historical presentation of the successive changes occurring
in a system of the universe from its origin to its passing

away, hence into a history in which at each stage different-

laws, i.. different phenomenal forms of the same

universal motion, predominate, and so nothing remains

as continually and. umversally valid except—-—-motwn.

Knowmg.——Ants have eyes dllfferen’rc _from ours, they
can see the chemical (?) light rays ® (Nature, June 8;
1882, Lubbock), but as regards knowledge of these in-

visible rays to us, we are considerably mo_re advanced -
than the ants, and the very fact that we are able to -

demonstrate that ants can see things invisible to us, and
that this proof is based solely on perceptions made with
our eyes, shows that the special construction of the
human eye sets no absolute barrier to human cognition.

In addition to the eye, we have not only the other

senses but also our thought activity.  With regard ‘to
the latter again, matters stand exactly as with the eye.
“To know what can be discovered by our thinking, it is

no use, a hundred years after Kant, to try and find out

1 Ninety-two elements (not counting isotopes) are now known. Oniy
A few have yet been detected in gascous nebuliz, but it is rather doubtful
W hethcr many are absent,

¢ We can extend this list now to some laws governing the behaviour

of atoms, though even here the gases in the nebule emit light according.
{o rather differont laws to those on carth, because their atoms are so far
apart that they rarely collide.

4 f.e. what we now call uitra-violet rdduhon JBees can not merc#_v
see it, bul distinguisb colours within it. )
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the range of thought from the criticism of the intellect
or the investigation of the instrument of knowing.
That would be as if Helmholtz were to use the imper-
fection of our sight (indeed a necessary imperfection,
for an eye that could see all rays would for that very
reason see nothing af all),! and the construction of the
eye, which restricts sight to definite limits and even so
does not give quite correct reproduction, as proof that
the eye incorrectly or treacherously acquaints us with
the nature of what is seen. What can be ascertained

“by our thought is more evident from what it has already

discovered and is every day still discovering. And that
is already enough both in quantity and quality. On
the other hand, the investigation of the forms of thought,
the thought determinations, is very profitable and
necessary, and since Aristotle this has been svafematma]]y
undertaken only by Hegel.

 In any case we shall never find out how chemical rays

appear to ants.! Anyone who is worried at.this is

simply beyond help.

Natural scientists may adopt whatever attitude they

- please,, they will still be under the domination of philo-

sophy. It is only a question whether they want to be
dominated by a bad, fashionable philosophy or hy a
form of theoretical thought which rests on acquaintance
with the history of thought and its achicvements.

** Physics, beware of metaphvsms is quite right, but
in a contrary sense.

Natural scientists allow philosophy to prolong a

“pscudo-existence by making shift with the dregs of the

! For only cerfain rays can e brought to a foeus by a lens. If
our retina were sensitive to radio waves and X- rays we could not tell
from which direction they came, und would at Jeast be greatly handi-
(appcd in our vision.

¢ This is perhaps not absolutely certain.  We may lind that certain
physicul processes in human brains are always associated with a
partieutar kind of sensation. and identify simitar processes in ants.
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old metaphysics. Only when natural and historical
science has adopted dialectics will all the philosophiecal -

rubbisk—outside the pure theory of thought-—be
superfluous, disappearing in positive science.’ :

Hegel, Geschichte der Philosophie [History‘ of Philo-

sophyl—Greek philosophy (The Ancients’ Outlock. on
Nature), 1. ; ‘ '

‘Of the first philosophers, Aristotle says (Metaphysics,
"I, p. 8) that they assert : ' '

* from what all being is, and from what it arises as
the first thing of all, and into what it passes away as
the last thing of all . . . which as. substance (ovoia)
“always remains the same and only changes in its
determinations (mdfeot) this is the element (orowyeior),

and the principle (dox#) of all being. . . . For this

reascn :chey ‘hold that nothing comes into being
(ovre yiyveabar od8év). nor passes away, because
the same nature always persists * (p. 198).

Here, therefore, is already the whole original natural
materialism which at its beginning quite naturally
regards the unity of the infinite diversity of natural
pheromena as a matter of course, and seeks it in some

definite corporeal principle, a special thing, as Thales -

does in water,

Cicero says: “ Thales Milesius . . . aguam dixit

esse initium rerum, Deum autem eam mentem, quae
ex aqua cuncta fingeret ” (De Natura Deorum, 1, p. 10),
Hegel quite rightly declares that this is an addition of
Ciecero’s, and adds: * However, we are not concerned
here with this question whether, in addition, Thales
believed in God ; it is not a matter here of supposition,
belief, popular religion . . . and whether or no he
~ spoke of God as having created all things from that
water, we would not thereby know anything more of this

"
|
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being . . . it is an empty word without its idea,”
p- 209 (ca. 600-605). :

The oldest Greek philosophers were at the same time
investigators of nature: 7Thales, a geometrician, fixed
the year at 865 days, and is said to have predicted a
solar eclipse. dnazrimander constructed a sun cloek,

‘a kind of map (mepiuerpor) of land and sea and

various astronomical instruments. Pythagoras, a mathe-
matician, -
Anazximander of Miletos, according to Plutarch, Quest:
Convival., VIII, p. 8, makes “ man come from a fish,
emerging from the water on to the land,” p. 213. For’
him the dpyy) xai oroiyelov 70 dmepov! without deter-

'mining it as air or water or anything clse (Swpilwr),

Diogenes Lertius IT, paragraph 1.  This infinite correetly
reproduced by Hegel, p. 215, as ** undetermined matter

. (ca. 580).

Anaximenes of Miletos takes air as principle and basic

" element, declaring it to be infinite (Ciecro, Natura

Deorum, 1, p. 10) and that * everything arises from it,
in it everything is again dissolved” (Plutarch, De
placitis philos., I, p. 8). Here air dijp=mveipa: “ Just
as our soul, which is air, holds us together, so also a
spirit (mvedpa) and air held the whole world together.
Spirit and -air have the same meaning” (Plutarch).
Soul and air conceived as a general medium {ca. 555).
Aristotle already says that these more ancient philo-
sophers put the primordial essence in a form of matter :
air and water (and perhaps Anaximander in a middle
thing between both), later Heraclitus in fire, but none
in earth on account of its multiple composition (8wa 7w

- peyadopdpear).  Metaphysics, 1, 8, p. 217.

Aristotle correctly remarks of all of them that they
leave the origin of motion unexplained, p. 218 ¢t seq.
Pythagoras of Samos (ca. 540) : number is the basic
1 ** Beginning and clement is the infinite.”

&
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principle : ““ That number is the essence of all things, -
and the organisation of the universe as a whole in its .

determinations is a harmonious system of numbers and

their velations.”  Arvistotle, Metaphysics, 1, 5 passim.
Hegel justly points out “ the audacity of such language,

which at one blow strikes down all that is regarded by.

the imagination as being or as essential (true), and

annihilates the sensuous essence,’”” and puts the essence

in a thought determination, even if it is a very restricted ‘

and one-sided one. Just as number is subject to definite
laws, so also the universe; hereby its obedience to

law was expressed for the first time. To Pythagoras is-

ascribed the reduction of musical harmonies to mathe-

. matical relations. Likewise: “ The Pythagoreans put
fire in the centre, but the earth as a star which revolves

in a circle around this central body.” Aristotle, Meta-

-

physics, 1, 5. This fire, however, is not the sun;

nevertheless this is the  first inkling. that. the carth

moves.
Hegel on the planetary system : .

Y

the distances—mathematics has still not been able

to give any basis for it. The empirical numbers are
acceurately known; but it has all the appearance of

chance, not of necessity. Any approximate regularity-

in the distances is known, and thus with luck planets

between: Mars and Jupiter  have been guessed at,
where later Ceres, Vesta, Pallas, ete., were discovered H
but astronomy’ still did not lind a logical scries in

which there was "any sense.  Rather it looks with
contempt on the regular presentation of this series;

for itsell, however, it is an extremely important point
which must not he surrendered,” p. 267,

For all the naive materialisn of the total ol.ltfocyk, the

kernel of the later split is already to be found among
the most ancient Greeks.  Form Thales, the soul is

. . the harmonious element; which determines
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already something special, something different from the

. body (just as he ascribes a soul also to the magnet),
for Anaximenes it is air as in Genesis, for the Pytha- .

goreans it is already immortal and migratory, the body
being purely accidental to it. For the Pythagoreans,
also, the soul is. ““a chip of the ether J(ciwo’awacma;
aiflépos), Diogenes Lertius, VIII, pp. 26-8, where the
cold ether is the air, the dense ether the sea and
moisture. :

Aristotle correctly reproaches the Pythagoreans also :

with their numbers “ they do not say how moticn
comes into being, and how, without motion and change,
there is coming into being and passing away, or states
and activities of heavenly things.” Metaphysics, 1, 8. .
- Pythagoras is supposed to have known-the identity
of the morning and evening star, that the moon gets

its ‘light from.the sun, and finally the Pythagcrean

theorem.! ¢ Pythagoras is said to have slaughtered a

" heeatomb on discovering this theorem . .. and how-

ever remarkable it may be that his joy went so far on

that account as to order a great feast, to which the rich.

and the whole people were invited, it was worth the
trouble. It is joyousness of spirit (knowledge)-—at the
expense of the oxen,” p. 279. :

The Eleatics.
"1 Le. the theorem that the squarc on the longest. side of a right-

angled triangle is the sum of ihe squares on the shorter sides, e.g.
55=8%442% . .
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1

" 1. According to Hegel, infinite progress is a barren

waste because it appears onl iti
as efernal
same thing 1: 14141, ete. Y v repetition of t-he

2. Inreality, however, it is no repetition, buta develop-

ment, an advance or regression, and thereby it becomes

a necessary form of motion. This apart from the fact

that it is not infinite : the end of the earth’s lifetime can
already bfa foreseen. But then, the earth also is not the
whole universe. In Hegel's system, any development
was c}fcluded from the temporal history of nature
other.w."ise nature would not have been the other bein ’
of spu‘%t. But in human history the infinite progress 0%"
‘I‘{egfel‘ is recognised as the sole true form of existence of
asss,plrit:;’ :xcipt that fantastically this development is
umed to have an —in ion_
Hegelian philosogtes end___ in - the proQuctmn _.o_f the
8. There is also infinite knowing 2 questa z'nﬁniid' che
le cose non hanno in progresso, la hanno in gire,? Thus
the lffl.W of the change of form of motion is an infinite
one,'mcluding itself in itself. Such infinities, however
are in their turn smitten with finiteness, and t’)niy occm"

sporadically. So also —%
Core

Quaniity and Quality.—Number is the purest quanti-
tative determination that we know. - But it is chock-
ful.l of qualitative differences. 1. Hegel, number and
umity, multiplication, division, raising to a higher
power, extraction of roots, Thereby, what is not shown
in Hegel, qualitative differences already' make their
appearance : prime numbefs and products, - simple'.

!, * See Appendix II, p. 361. .

_? " This infinite, which things dq re i '
eireling.”—Galiani, Deilg Mon%tsa, gsgg? have in progress, they have in
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roots and powers. 16 is not merely the sum of 16 ones,
it is also the square of 4, the fourth power of 2. Still
more. Prime numbers - communicate new, definitely
determined qualities to numbers derived from them by
multiplication with other numbers ; only even numbers
are divisible by 2, .and there is a similar determination
in the case of 4 and 8. For 8 there is the rule of the
sum of the figures, and the same thing for 9 and also
for 6, in the last case in combination with the even
number. For 7 there is a special rule. These form the
basis for tricks with numbers which seem incompre-
hensible to the uminitiated. Hence what Hegel says,
quantum, p. 237,! on the absence of thought in arithmetic,
is incorrect. Compare, however, *“ Measure.”

As soon as mathematics speaks of the infinitely large
and infinitely small, it introduces a qualitative difference
which even takes the form of an unbridgeable qualitative
opposition. Quantities so enormously different from one
another that every rational relation, every comparison,
between them ceases, that they become quantitatively
incommensurable, The ordinary incommensurability
of the.circle and the straight line is also a dialectical
qualitative difference; but here it is the difference in
quantity of similar magnitudes that increases the difference
of guality to the point of incommensurability.

Number.—The single niumber becomes endowed with
quality already in the numerical system itself, and the
_quality depends on the system used. 9 is not only 1
added together 9 times, but also the basis for 90, 89,
900,000, etc. All numerical laws depend upon and are
determined by the system adopted. In dyadic and
triadic systems? 2 multiplied by 2 does not equal 4, but=

1 See Appendix II, p. 361. . :
¢ J.e, systems where 2 or 3, not 10, is the so-called radix, so that 100

in the dyadic system means one four plus no two plus no unit, and 11 in
the trisdio sysiem means one three plus one unit,



250 DIALECTICS OF NATURE

100 or =11. In all systems with an odd: basie number,
the difference between odd and even numbers falls to
the ground, e.g. in the system based on 5, 5=10, 10 =120,
- 15=80.1 Likewise in the same system the sums of
digits 8n of products of 3 or 9 (6=11, 9=14).2 - Hence
the basic number determines not only its own quality
but also that of all the other numbers, o

With powers of numbers, the matter goes still further :
any number can be conceived ay the power of any other
number—there are as many logarithmic systems ny
there are whole and fractional numbers, '

e negative magnitudes of algebra are real
only in so far as they are connected with positive magni-
tudes and only within the relation to the latter ; outside
this relation, taken by themselves, they are purely
Imaginary, In trigonometry and analytical geometry,
together with the branches of higher mathematics of
which these are the basis, they express a definite
direction of motion, opposite to the positive direction;
But the sine and tangent of the circle can be reckoned-
from the upper right-hand quadrant Just as well as
from the right-hand lower quadrant, thus directly
reversing plus and minys, Similarly, in analytical
geometry, abseissz 3 can be caleulated from the periphery
or from the centre- of the cirele, indeed in all ‘eurves
they can be reckoned in the direction usually denoted as
minus or in any desired direction, and still give a correct

! In each case the first Number of .the pair is in the ordinary notation,
the second in the system based on 5. . :
* Le. the rule valid in the ordinary scale of ten that, if 2 number is
divisible by 8.or 9, 50 is the sum of its digits, does not hold in the scale
of 5. (In this system an even number can be deteoted because the sunr
of its digits is even. E.g. 10032 in the seale of 5 (642 in the scale of 10)
is even because 1 +0+0+3492 s even, A multiple of 8 can be detected
because the difference between the sums of al i igits i
4 multiple of 8, e.4. 10032 is divisible by 8 because I40+2=018) -
% In madern terminology radii in polar co-ordinates.
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rational equation for the curve. Herc plus e:lc;sj:: ;lnle}j
as the complement of minus and vice versa. But alg

ats i i en
~ braic abstraction treats it as real and independent, ev

outside the relation to a larger, positive magnitude.

. - " . - - . ) f
icati athematies :  in the  mechanies o
Application of nmthcm.a | e
rigidplijmdies it is absolute, in that of gases ap}fro_mmrit:m
i ; difficult—in physics
that of fluids already more . in physies more
i - ive—in chemistry, simple eq
ntative and relative—in cb y equ
:[:;' the first.order and of the simplest nature—in _blolog.y

=0.

. st time > it

The differential calculus for the first time mji;ses

possible for natural science to 1'eprefsent -pr ?
mathematically and not only stafes : motion.

That positive and negative can be p}lt iy ;;111‘121,
irreépeetivc of which side is positive and which neg :

i ~—still more in
- this not only in analytical geometry S‘tl].l

~ physies-—see Clausius, p. 87 et seq.:

Zero, because it is the negation of any deﬁn;}te 3:2;11'1;&1:; ,
is not thereforc devoid of content. On t i ot lin;
zero has a very deﬁnit(_e‘conter}t. As tl}e do: o he
between all positive and ne‘g?,twe magmt_l;heer,posﬁive
| sole really neutral number, which can Ee']tljlnun{ber' ve
nor negative, it is not only a very de 11;1 e nu'n'lber,,--
also in itself more important. than'a‘a, ‘(;—, ¢ numbers
| ked off from it. In fact, zero 1s ric er ontent
:;?1::1 any other number. Put on the right of any o

B number, it gives in our system of numbers the tenfo
' <Ly

other
value. Instead of zero one could use here any _

. .
=) =Sl

This was true when Eng els. wrote lts but is so no longer There

&1 Feit : L of g B iz ' g =

is an exact athematics ﬂse. s, though the .aSe:s Ireated d,'.'le al)sl:ra,e

tions from xeallty, like llgld bodies. .Clle'llllstl}’ 15 NOw hlghly mathe-

il wnd e IllUdclﬂtels S0, Even- in pS\dlolog‘V a(ha.nced
Hl-l‘tl("l]. i bl-(:il("B

mathematics are needet n one. section that dealin, with tests of
ii 3 g

intelligence and the like.
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sign, but only on the condition that this sign taken by
. itself signifies zero =0, Hence it is part of the nature of
“zero itself that it finds this application and that it alone
can be applied, Zero annihilates every other number
with which it is multiplied ; united with any other
number as divisor or ‘dividend, in the former case it
makes this infinitely large, in the latter infinitely small ;

it is the only number that stands in a relation of infinity

to-every other number. ¢ can express every number

between — w0 and ~+ o, an

real magnitude. The real content of an equation first
clearly emerges when all its members have been brought

- on one side, and the equation is thus reduced ‘to zero.
value, as already happens for quadratic equations, and
is almost the general rule in higher algebra. A funetion,

F(z, y)=0 can likewise be put equal to 2, and this z,
although it is =0, differentiated like an ordinary de-
pendent variable and its partial differential quotient

determined.! A

The zero of every quantity, however, is itgelf quanti-
tatively determined, and only on’ that -account is it
. 