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Engels' Dialectics of Nature

Preface
MARXISM 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
knowledge 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 individuality 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 revolutionary movement
afresh. Lenin saw that this could 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 point 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.

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 started 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 countless 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 development
of science.

But apart from political work, other intellectual tasks lay before Engels. Dühring had to be answered, and
perhaps Anti-Dühring, 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 manuscript consists of four bundles, all in
Engels' handwriting, save for a number of quotations from Greek philosophers in that of Marx. Part of
the manuscript is ready for publication, though, as we shall see, it would almost certainly have been
revised. Much of it merely consists of rough notes, which Engels hoped to work up later. They are often
hard to read, and full of abbreviations, e.g. Mag. for magnet and magnetism. There are occasional
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scribbles 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, such as "Wenn
Coulomb von particles of electricity spricht, which repel each other inversely as the square of the
distance, so nimmt Thomson das ruhig hin als bewiesen." Or "In der heutigen Gesellschaft, dans le
méchanisme civilisé, herrscht duplicité d'action, contrariété de l'interêt individuel avec le collectif; es ist
une queue universelle des individus contre les masses." The translation has been a very difficult task, and
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 hard to follow if one does not know the history of the
scientific practice and theory of that time. The idea of what is now called the conservation of energy was
beginning to permeate physics, chemistry, and biology. But it was still very incompletely realised, and
still more incompletely applied. Words such as "force," "motion," and "vis viva" were used where we
should now speak of energy. The essays on "Basic forms of motion," "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 controversies of his day. However many of these controversies are now settled. The
expression vis viva is no longer used for double the kinetic energy, and "force" has acquired a definite
meaning in physics. 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 terminology. Their interest lies not so much in their
detailed criticism 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 interesting, and it ends with a plea for a closer investigation of the
connection 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 transformed chemistry, and Thomson's electron theory has revolutionised physics. Here again,
the manuscript would certainly have been revised before publication. In a letter to Marx on November
23rd, 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 current whereas the electromotive force is proportional to the resistance multiplied by the
current. He compares these with the expressions for momentum and energy, discussed in the essay on
"The measure of motion - work," and points out that in each case we have simple proportionality
(momentum as velocity and electromotive force as current) when we are not dealing with transformation
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 a general law of motion which I was the first
to formulate." We can now see why this is so. The momentum and the electromotive force, having
directions, are reversed when the speed and current are reversed. But the energy remains unaltered. So
the speed or the current must come into the formula as the square (or some even power) since (-x) 2 = x2.

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-Dühring,[1] he supported the view, quite commonly held in the nineteenth
century, that we find truths such as mathematical axioms self-evident because our ancestors have been
convinced of their validity, while they would not appear self-evident to a Bushman or Australian black.
Now this view is almost certainly incorrect, and Engels presumably saw the fallacy, and did not have it
printed. I have little doubt that either he or one of his scientific friends such as Schorlemmer would have
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detected the mistake in the essay on "Tidal friction." But even as a mistake 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 incorrect 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 following some of the best astronomers and zoologists
of his day. The technical improvement of the telescope and microscope 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 calculus, though inapplicable to that branch of
mathematics as now taught, were correct in his own day, 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 mathematicians 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 Gödel has proved that they must fail. So the fact that
the calculus can be taught without involving the particular contradictions mentioned by Engels in no way
impugns the validity of his dialectical argument.

When all such 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 1930, 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 mode of behaviour of proteins appeared to
be very one-sided to most biochemists since every cell contains many other complicated organ
substances besides proteins. Only in the last four years has it turned out that certain pure proteins do
exhibit one of the most essential features of living things, reproducing themselves in a variety of
environments.

While we can everywhere study Engels' method of thinking with advantage, I believe that the sections of
the book which deal with biology are the most immediately valuable to scientists to-day. This may of
course be because as a biologist I can detect subtleties of Engels' thought which I have missed in the
physical sections. It may be because biology has undergone less spectacular changes than physics in the
last two generations.

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 inspired scriptures. The Condition of the Working Class in England in 1844, of which an
English translation had been published in America in 1885, was first published in England in 1892. In his
preface written after fortyeight years he says:

"I 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."

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

I have not yet mentioned the sections on the history of science. These are among the most brilliant
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passages in the whole book, but they represent a line of thought which was followed by Marx and Engels
in many of their books 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 to neglect the problems here dealt with. It is worthwhile 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, like Engels, they brought to their work robust common sense, and
also a sense of humour.

It was a great misfortune, not only for Marxism, but for all branches of natural science, that Bernstein,
into whose hands the manuscript came when Engels died in 1895, did not publish it. In 1924 he
submitted it (or part of it) to Einstein, who, though he did not think it of great interest from the standpoint
of modern physics, was on the whole in favour of publication. If, as seems likely, Einstein only saw the
essay on electricity, his hesitation can easily be understood, since this deals almost wholly with questions
which now seem remote. The manuscript was first edited by Riazanov, and printed in 1927. However,
Adoratski's edition of 1935 is more satisfactory, as several passages which made nonsense in the earlier
edition have now been deciphered.

Had Engels' method of thinking been more familiar, the transformations of our ideas on physics which
have occurred during the last thirty years would have been smoother. Had his remarks on Darwinism
been generally known, I for one would have been saved a certain amount of muddled thinking. I
therefore welcome wholeheartedly the publication of an English translation of Dialectics of Nature, and
hope that future generations of scientists will find that it helps them to elasticity of thought.

But it must not be thought that Dialectics of Nature is only of interest to scientists. Any educated person,
and, above all, anyone who is a student of philosophy, will find much to interest him or her throughout
the book, though particularly in Chapters I, II, VII, IX, and X. One reason why Engels was such a great
writer is that he was probably the most widely educated man of his day. Not only had he a profound
knowledge of economics and history, but he knew enough to discuss the meaning of an obscure Latin
phrase concerning Roman marriage law, or the processes taking place when a piece of impure zinc 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. And it 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
knowledge 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 sources
for its study are Engels' Feuerbach and Anti-Dühring, Lenin's Materialism and Empirio-criticism, and a
number of passages in the works of Marx. Just because it is a living philosophy with innumerable
concrete applications 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
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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 Dialectics to Nature.

At the present moment, clear thinking is vitally necessary if we are to understand the extremely
complicated situation in which the whole human race, and our own nation in particular, is placed, and to
see the way out of it to a better world. A study of Engels will 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.

J. B. S. HALDANE.
November, 1939.

Notes

1. See p. 314.
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Frederick Engels'

Dialectics of Nature

1. INTRODUCTION

MODERN natural 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 misfortune that overtook us at that time, and which the French term the
Renaissance and the Italians the Cinquecento, although it is not fully expressed by any of these names. It
is the epoch which had its rise 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 monarchies, 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 fighting one 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 anything new - but behind them the beginnings of the modern
proletariat, 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 Byzantium, in the antique statues dug out of the ruins of Rome,
a new world was revealed to the astonished West, that of ancient Greece: the ghosts of the Middle Ages
vanished 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 first time was
the world really discovered and the basis laid for subsequent world trade and the transition from
handicraft 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, taken over from the Arabs and nourished by the newly-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 mankind 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, who did not shine in a number of fields. Leonardo da Vinci was not
only a great painter but also a great mathematician, mechanician, and engineer, to whom the most diverse
branches of physics are indebted for important discoveries. Albrecht Durer was painter, engraver,
sculptor, and architect, and in addition invented a system of fortification embodying many of the ideas
that much later were again taken up by Montalembert and the modern German science of fortification.
Machiavelli was statesman, historian, poet, and at the same time the first notable military author of
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modern times. Luther not only cleaned the Augean stable of the Church but also that of the German
language; he created modern German prose and composed the text and melody of that triumphal hymn
which became the Marseillaise of the sixteenth century. The heroes of that time had not yet come under
the servitude of the division of labour, the restricting effects of which, with its production of
onesidedness, we so often notice in their successors. But what is especially characteristic of them is that
they almost all pursue their lives and activities in the midst of the contemporary movements, in the
practical struggle; they take sides and join in the fight, one by speaking and writing, another with the
sword, many with both. Hence the fullness and force of character that makes them r.omplete men. Men
of the study are the exception - either persons of second or third rank or cautious philistines who do not
want to burn their fingers.

At that time natural science also developed in the midst of the general revolution and was itself
thoroughly revolutionary; it had to win in struggle its right of existence. Side by side with the great
Italians from whom modern philosophy dates, it provided its martyrs for the stake and the prisons of the
Inquisition. And it is characteristic that Protestants outdid Catholics in persecuting the free investigation
of nature. Calvin had Servetus burnt at the stake when the latter was on the point of discovering the
circulation of the blood, and indeed he kept him roasting alive during two hours; for the Inquisition at
least it sufficed to have Giordano Bruno simply burnt alive.

The revolutionary act by which natural science declared its independence and, as it were, repeated
Luther's burning of the Papal Bull was the publication of the immortal work by which Copernicus,
though timidly and, so to speak, only from his deathbed, threw down the gauntlet to ecclesiastical
authority in the affairs of nature. The emancipation of natural science from theology dates from this act,
although the fighting out of the particular antagonistic claims has dragged out up to our day and in many
minds is still far from completion. Thenceforward, however, the development of the sciences proceeded
with giant strides, and, it might be said, 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 henceforth the reciprocal
law of motion would be as valid for the highest product of organic matter, the human mind, as for
inorganic substance.

The main work in the first period of natural science that now opened lay in mastering the material
immediately at hand. In most fields a start had to be made from the very beginning. Antiquity had
bequeathed Euclid and the Ptolemaic solar system; the Arabs had left behind the decimal notation, the
beginnings of algebra, the modern numerals, and alchemy; the Christian Middle Ages nothing at all. Of
necessity, in this situation the most fundamental natural science, the mechanics of terrestrial and
heavenly bodies, occupied first place, and alongside of it, as handmaiden to it, the discovery and
perfecting of mathematical methods. Great work was achieved here. At the end of the period
characterised by Newton and Linnaus we find these branches of science brought to a certain perfection.
The basic features of the most essential mathematical methods were established; analytical geometry by
Descartes especially, logarithms by Napier, and the differential and integral calculus by Leibniz and
perhaps Newton. The same holds good of the mechanics of rigid bodies, the main laws of which were
made clear once for all. Finally in the astronomy of the solar system Kepler discovered the laws of
planetary movement and Newton formulated them from the point of view of the general laws of motion
of matter. The other branches of natural science were far removed even from this preliminary perfection.
Only towards the end of the period did the mechanics of fluid and gaseous bodies receive further
treatment. Physics proper had still not gone beyond its first beginnings, with the exception of optics, the
exceptional progress of which was due to the practical needs of astronomy. By the phlogistic theory,
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chemistry for the first time emancipated itself from alchemy. Geology had not yet gone beyond the
embryonic stage of mineralogy; hence paleontology could not yet exist at all. Finally, in the field of
biology the essential preoccupation was still with the collection and first sifting of the immense material,
not only botanical and zoological but also anatomical and even physiological. There could as yet be
hardly any talk of the comparison of the various forms of life, of the investigation of their geographical
distribution and their climatic, etc., living conditions. Here only botany and zoology arrived at an
approximate completion owing to Linnæus.

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 nature. In whatever way nature itself might have
come into 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 gravitation". The earth had
persisted without alteration 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 had 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 established once for all when
they came into existence; like continually produced like, and it was already a good deal for Linnaus 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
everything 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 above Greek antiquity in
knowledge and even in the sifting of its material, it stood just as deeply below Greek antiquity in the
theoretical mastery of this material, in the general outlook on nature. For the Greek philosophers the
world was essentially something that had emerged from chaos, something that had developed, that had
come into being. For the natural scientists of the period that we are dealing with it was something
ossified, something immutable, and for most of them something that had been created at one stroke.
Science was still deeply enmeshed in theology. Everywhere it sought and found its ultimate resort in an
impulse from outside that was not to be explained from nature itself. Even if attraction, by Newton
pompously baptised as "universal gravitation", was conceived as an essential property of matter, whence
comes the unexplained tangential force which first gives rise to the orbits of the planets? 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 science 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 of a divine first
impulse. The highest general idea to which this natural science attained was that of the purposiveness of
the arrangements of nature, the shallow teleology of Wolff, according to which cats were created to eat
mice, mice to he eaten by cats, 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 knowledge, 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
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science of the future.

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 epoch- making work remained a secret to
them, and Laplace came long after them. We should not 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 Allgemeine Naturgesehichte 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 being in the course of time. If the
great majority of the natural scientists had had a little less of the repugnance to thinking that Newton
expressed in the warning: "Physics, beware of metaphysics!", they would have been compelled from this
single brilliant discovery of Kant's to draw conclusions that would have spared them endless deviations
and immeasurable amounts of time and labour wasted in false directions. For Kant's discovery contained
the point of departure for all further progress. If the earth were something that had come into being, then
its present geological, geographical, and climatic state, and its plants and animals likewise, must be
something that had come into being; it must have had a history not only of co-existence in space but also
of succession in time. If st once further investigations had been resolutely pursued in this direction,
natural science would now be considerably further advanced than it is. Rut what good could come of
philosophy? Kant's work remained without immediate results, until many years later Laplace and
Herschel expounded its contents and gave them a deeper foundation, thereby gradually bringing the
"nebular hypothesis" into favour. Further discoveries finally brought it victory; the most important of
these were: the proper motion of the fixed stars, the demonstration of a resistant medium in universal
space, the proof furnished by spectral analysis of the chemical identity of the matter of the universe and
the existence of such glowing nebular masses as Kant had postulated.

It is, however, permissible to doubt whether the majority of natural scientists would so soon have become
conscious of the contradiction of a changing earth that bore immutable organisms, had not the dawning
conception that nature does not just exist, but comes into being and passes away, derived support from
another quarter. Geology arose and pointed out, not only the terrestrial strata formed one after another
and deposited one upon another, but also the shells and skeletons of extinct 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 slow transformation of the earth. 2

Lyell's theory was even more incompatible than any of its predecessors with the assumption of constant
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 science, which more
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or less restricted each person to his special sphere, there being only a few whom it did not rob of a
comprehensive view. Meanwhile physics had made mighty advances, the results of which were summed
up almost simultaneously by three different persons in the year 1842, an epoch-making year for this
branch of natural investigation. Mayer in Heilbronn and Joule in Manchester demonstrated the
transformation of heat into mechanical energy and of mechanical energy into heat. The determination of
the mechanical equivalent of heat put this result beyond question. Simultaneously, by simply working up
the separate physical results already arrived at, Grove - not a natural scientist by profession, but an
English lawyer - proved that all so-called physical energy, mechanical energy, heat, light, electricity
magnetism, indeed even so-called chemical energy, become transformed into one another under definite
conditions without any loss of energy occurring, and so proved post factum along physical lines
Descartes' principle that the quantity of motion present in the world is constant. With that the special
physical energies, the as it were immutable "species" of physics, were resolved into variously
differentiated forms of the motion of matter, convertible into one another according to definite laws. The
fortuitousness of the existence of a number of physical energies was abolished from science by the proof
of their interconnections and transitions. Physics, like astronomy before it, had arrived at a result that
necessarily pointed to the eternal cycle of matter in motion as the ultimate reality.

The wonderfully rapid development of chemistry, since Lavoisier, and especially since Dalton, attacked
the old ideas of nature from another aspect. The preparation by inorganic means of compounds that
hitherto had been produced only in the living organism proved 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
organic 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
European colonies in all parts of the world by specialists living there, and further the progress of
paleontology, anatomy, and physiology in general, particularly since the systematic use of the
microscope and the discovery of the cell, had ar.cumulated 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 separate species of plants and animals become more and more inextricably
intermingled, but animals turned up, such as Amphioxus and Lepidosiren, that made a mockery of all
previous classification, and finally organisms were encountered of which it was not possible to say
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whether they belonged to the plant or animal kingdom. More and more the gaps in the

 paleontological record were filled up, compelling even the most reluctant to
acknowledge the striking parallelism between the evolutionary history of the 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 appeared 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 species 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 simultaneously it
was established that protoplasm and the cell, which had already been shown to be the ultimate
morphological constituents of all organisms, occurred independently as the lowest forms of organic life.
This not only reduced the gulf between inorganic and organic nature to a 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 moving in eternal flux and cyclical course.

Thus we have once again returned to the point of view of the great founders of Greek philosophy, the
view 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 brilliant intuition, is in our case
the result of strictly scientific research in accordance with experience, and hence also it emerges in a
much more definite and clear form. It is true that the empirical proof of this motion is not wholly free
from gaps, but these are insignificant in comparison with 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 branches of science —trans-planetary
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astronomy, chemistry', geology— have a scientific existence of barely a hundred years, and the
comparative method in physiology one of barely fifty years, and that the basic form of almost all organic
development, the cell, is a discovery not yet forty years old?

The innumerable suns and solar systems of our island 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 into the proper
motion of the stars. Obviously, this development did not proceed everywhere at the same rate.
Recognition of. the existence of dark bodies, not merely planetary in nature, hence extinct suns in our
stellar system, more and more forces itself on astronomy (Mädler); 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 nebulae, as Mädler maintains, are distant independent island
universes, the relative stage of development of which must be determined by the spectroscope.

How a solar system develops from an individual nebular mass has been shown in detail by Laplace in a
manner still unsurpassed; subsequent science 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 under such conditions, continued 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 extinct. 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 previously chemically indifferent elements become differentiated
chemically one after another, obtain chemical 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.

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 meteorological phenomena in the sense in which we now
understand 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
decreasing 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 exceed 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
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- we do not even know how many chemically different protein bodies there are - and since it is only
about ten years ago that the fact became known that completely structureless protein exercises all the
essential functions of life, digestion, excretion, movement, contraction, reaction to stimuli, and
reproduction.

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. Rut this
first cell also provided the foundation for the morphological development of the whole organic world; the
first to develop, as it is permissible to assume from the whole analogy of the palæontological record,
were 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 that mammal in
which nature attains consciousness of itself - man.

Man too arises by differentiation. Not only individually, 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
distinct from the monkey and the basis was laid for the development 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 tool, 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: 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, that the consequences of his activity can disappear only with the general extinction
of the terrestrial globe. And he has accomplished this primarily and essentially by means of the hand.
Even 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. Animals 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 of this history,
and the more accurately does the historical result correspond to the aim laid down in advance. If,
however, we apply this measure to human history, to that of even the most developed peoples of the
present day, we find that there still exists here a colossal disproportion between the proposed aims and
the results arrived at, that unforeseen effects predominate, and that the uncontrolled forces are far more
powerful than those set into motion according to plan. And this cannot be otherwise as long as the most
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essential historical activity of men, the one which has raised them from bestiality to humanity and which
forms the material foundation of all their other activities, namely the production of their requirements of
life, that is to-day social production, is above all subject to the interplay of unintended effects from
uncontrolled forces and achieves its desired end only by way of exception and, much more frequently,
the exact opposite. In the most advanced industrial countries we have subdued the forces of nature and
pressed them into the service of mankind; we have thereby infinitely multiplied production, so that a
child now produces more than a hundred adults previously did. And what is the result? Increasing
overwork and increasing misery of the masses, and every ten years a great collapse. Darwin did not know
what a bitter satire he wrote on mankind, and especially on his countrymen, when he showed that free
competition, the struggle for existence, which the economists celebrate as the highest historical
achievement, is the normal state of the animal kingdom. Only conscious organisation of social
production, in which production and distribution are carried on in a planned way, can lift mankind above
the rest of the animal world as regards the social aspect, in the same way that production in general has
done this for men in their aspect as species. Historical evolution makes such an organisation daily more
indispensable, but also with every day more possible. From it will date a new epoch of history, in which
mankind itself, and with mankind all branches of its activity, and especially natural science, will
experience an advance that will put everything preceding it in the deepest shade.

Nevertheless, "all that comes into being deserves to perish". Millions of years may elapse, hundreds of
thousands of generations be born and die, but inexorably the time will come when the declining warmth
of the 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 no longer find even there enough heat for
life; when gradually even the last trace of organic life will vanish; and the earth, an extinct frozen globe
like the moon, will circle in deepest darkness and in an ever narrower orbit about the equally extinct sun,
and at last fall into it. Other planets will have preceded it, others will follow it; instead of the bright,
warm solar system with its harmonious arrangement of members, only a cold, dead sphere will still
pursue its lonely path through universal space. And what will happen to our solar system will happen
sooner or later to all the other systems of our island universe; it will happen to all the other innumerable
island universes, even to those the light of which will never reach the earth while there is a living human
eye to receive it.

And when such a solar system has completed its life history and succumbs to the fate of all that is finite,
death, what then? Will the sun's corpse roll on for all eternity through infinite space, and all the once
infinitely diverse, differentiated natural forces pass for ever into one single form of motion, attraction ?
"Or" - as Secchi asks - "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 x 2 = 4, or that the attraction of matter
increases and decreases according to the square of the distance. In theoretical natural science, however,
which as far as possible builds up its view of nature into a harmonious whole, and without which
nowadays even the most thoughtless empiricist cannot get anywhere, we have very often to reckon with
incompletely 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, electric and magnetic
stress, chemical combination and dissociation, life and, finally, consciousness. To say that matter during
the whole unlimited time of its existence has only once, and for what is an infinitesimally short period in
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comparison to its eternity, found itself able to differentiate its motion and thereby to unfold the whole
wealth of this motion, and that before and a.fter this remains restricted for eternity to mere change of
place - this is equivalent to maintaining that matter is mortal and motion transitory. The indestructibility
of motion cannot be merely quantitative, it must also be conceived qualitatively; matter whose purely
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 itself, such matter has forfeited motion; motion which has lost the capacity of
being transformed into the various forms 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 quantity
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 Mädler) at least twenty million stars, the gradual extinction of
which is likewise certain. How did this transformation take place? We know just as little as Father Secchi
knows whether the future caput mortuum of our solar system will once again be converted into the raw
material of a new solar system. But here either we must have recourse to a creator, or we are forced to
the conclusion that the incandescent raw material for the solar system of our universe was produced in a
natural way by transformations 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 are ultimately destined to fall into one another, and one even calculates the
amount of heat which must be developed on such collisions. The sudden flaring up of new stars, and the
equally sudden increase in brightness of familiar ones, of which we are informed by astronomy, is most
easily explained by such collisions. Not only does our group of planets move about the sun, and our sun
within our island universe, but our whole island universe also moves in space in temporary, relative
equilibrium with the other island universes, for even the relative equilibrium of freely moving bodies can
only exist where the motion is reciprocally determined; and it is assumed by many that the temperature in
space is not everywhere the same. Finally, we know that, with the exception of an infinitesimal portion,
the heat of the innumerable suns of our island universe vanishes into space and fails to raise the
temperature of space even by a millionth of a degree centigrade. What becomes of all this enormous
quantity of heat? Is it for ever dissipated in the attempt to heat universal space, has it ceased to exist
practically, and does it only continue to exist theoretically, in the fact that universal space has become
warmer by a decimal fraction of a degree beginning with ten or more noughts? The indestructibility of
motion forbids such an assumption, but it allows the possibility that by the successive falling into one
another of the bodies of the universe all existing mechanical motion will be converted into heat and the
latter radiated into space, so that in spite of all "indestructibility of force" all motion in general would
have ceased. (Incidentally it is seen here how inaccurate is the term "indestructibility of force" instead of
"indestructibility of motion".) Hence 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 able to become
transformed into another form of motion, in which it can once more be stored up and rendered active.
Thereby the chief difficulty in the way of the reconversion of extinct 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
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itself even on the anti-theoretical Yankee brain of Draper. 3

It is an eternal cycle 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
development, 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 cycle 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 organic life develop, however innumerable the organic beings that have to
arise and to pass away before animals with a brain capable of thought are developed from their midst,
and for a short span of time find conditions suitable for life, only to be exterminated later without mercy,
we have the certainty that matter remains eternally the same in all its transformations, that none of its
attributes can ever be lost, and therefore, also, that with the same iron necessity that it will exterminate
on the earth its highest creation, the thinking mind, it must somewhere else and at another time again
produce it.

Notes

1. 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
arraignments of our solar system, so far as we are capable of comprehending them, aim st preservation of
what exists and at unchanging continuance. Just as since the most ancient times no animal and no plant
on the earth has become more perfect or in any way different, just as we find in all 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 perfect in itself." (Madler, Popular Astronomy Berlin, 1881, 5th edition, p.
316.)

2. The defect of Lyell's view - at least in its first form - lay in conceiving the forces at work on the earth
as constant, both in quality and quantity. The cooling of the earth does not exist for him; the earth does
not develop in a definite direction but merely changes in an inconsequent fortuitous manner.

3. "The multiplicity of worlds in infinite space leads to the conception of a succession of worlds in
infinite time." J. W. Draper, History of the Intellectual Development of Europe, 1864. Vol. 2, p. 325.
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Engels' Dialectics of Nature

II. Dialectics
(The general nature of dialectics to be developed as the science of interconnections, in contrast to
metaphysics.)

It is, therefore, from the history of nature and human society 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 interpenetration of opposites;
The law of the negation of the negation.

All three are developed by Hegel in his idealist fashion as mere laws of thought: the first, in the first part
of his Logic, in the Doctrine of Being; the second fills the whole of the second and by far the most
important part of his Logic, the Doctrine of Essence; finally the third figures as the fundamental law for
the construction of the whole system. The mistake lies in the fact that these laws are foisted on nature and
history as laws of thought, and not deduced from them. This is the source of the whole forced and often
outrageous treatment; the universe, willy-nilly, is made out to be arranged in accordance 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 look so extremely mysterious
in idealist philosophy at once become simple and clear as noonday.

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 laws.

We are 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 quantity into quality and vice versa. For our purpose, we could
express this by saying that in nature, 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 even rather obvious.

It is surely hardly necessary to point out that the various allotropic and aggregational states of bodies,
because they depend on various groupings of the molecules, depend on greater or lesser quantities 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
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into mechanical motion or vice versa, is not the quality altered while the quantity remains the same?
Quite correct. But it is with change of form of motion as with Heine's vices; anyone can 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 decomposition). Here, therefore, quantity and quality mutually correspond to each
other. So far it has not been found possible to convert motion from one form to another inside a single
isolated body.

We are concerned here in the first place with nonliving bodies; the same law holds for living bodies, 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
occurs. But this has a limit: if we succeed, as by evaporation, in obtaining the separate molecules in the
free state, then it is true that we can usually divide these still further, yet only with a complete change of
quality. The molecule is decomposed into its separate atoms, which have quite different properties from
those of the molecule. In the case of molecules composed of various chemical elements, atoms or
molecules of these elements themselves make their appearance in the place of the compound molecule;
in the case of molecules of elements, the free atoms appear, which exert quite distinct qualitative effects:
the free atoms of nascent oxygen are easily able to effect what the atoms of atmospheric oxygen, bound
together in the molecule, can never achieve.

But the molecule is also qualitatively 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
oscillations; by means of a change of position and of connection with neighbouring molecules it can
change the body into an allotrope or a different state of aggregation.

Thus we see that the purely quantitative 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
different 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 themselves 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 unalterable 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 into quality, a
consequence of the quantitative change of the quantity 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
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to glow; and every metal has its temperature of incandescence and fusion, every liquid its definite
freezing and boiling point at a given pressure - in so far as our means allow us to produce the temperature
required; finally also every gas has its critical point at which it can be liquefied by pressure and cooling.
In short, the so-called physical constants are for the most part nothing but designations of the nodal
points at which quantitative 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 changes of bodies as
a result of changed quantitative composition. That was already known to Hegel himself (Logic, Collected
Works, III, p. 488). As in the case of oxygen: if three atoms unite into a molecule, instead of the usual
two, we get ozone, a body which is very considerably different from ordinary oxygen in its odour and
reactions. Again, one can take the various proportions in which oxygen combines with nitrogen or
sulphur, each of which produces a substance qualitatively different from any of the others! How different
laughing gas (nitrogen monoxide N2O) is from nitric anhydride (nitrogen pentoxide, N2O5) ! The first is
a gas, the second at ordinary temperatures a solid crystalline substance. And yet the whole difference in
composition is that the second contains five times as much oxygen as the first, and between the two of
them are three more oxides of nitrogen (N0, N2O3, NO2), each of which is qualitatively different from
the first two and from each other.

This is seen still more strikingly in the homologous series of carbon compounds, especially in the simpler
hydrocarbons. Of the normal paraffins, the lowest is methane, CH4; here the four linkages of the carbon
atom are saturated by four atoms of hydrogen. The second, ethane, C2H6, 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 C3H8,
C4H10, etc., according t,o the algebraic formula CnH2n+2, so that by each addition of CH2 a body is
formed that is qualitatively distinct from the preceding one. The three lowest members of the series are
gases, the highest known, hexadecane, C16H34, is a solid body with a boiling point of 270º C. Exactly the
same holds good for the series of primary alcohols with formula CnH2n+20, derived (theoretically) from
the paraffins, and the series of monobasic fatty acids (formula CnH2nO2). What qualitative difference can
be caused by the quantitative addition of C3H6 is taught by experience if we consume ethyl alcohol,
C2H12O, 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 alcohol, C5H12O, 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; so
that one could even say that the intoxication, and subsequent "morning after" feeling, is also quantity
transformed into quality, on the one hand of ethyl alcohol and on the other hand of this added C3H6.

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 0 atoms in the molecule but nevertheless qualitatively distinct 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 C4H10 there are two, for C6H12 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
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that determines the possibility and, in so far as it has been proved, also the actual existence of such
qualitatively distinct isomers.

Still more. From 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 compound substances but also for the chemical elements
themselves. We now know that "the chemical properties of the elements are a periodic function of their
atomic weights" (Roscoe-Schorlemmer, Complete Text-Book of Chemistry, II, p. 823), and that,
therefore, their quality is determined by the quantity of their atomic weight. And the test of this has been
brilliantly carried out. Mendeleyev proved that various gaps occur 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 elements, which he termed
eka-aluminium, because it follows after aluminium in the series beginning with the latter, and he
predicted its approximate specific and atomic weight as well as its atomic volume. A few years later,
Lecoq de Boisbaudran actually discovered this element, and Mendeleyev's predictions fitted with only
very slight discrepancies. Eka-aluminium was realised in gallium (ibid., p. 828). By means of the -
unconscious - application of Hegel's law of the transformation of quantity into quality, Mendeleyev
achieved a 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, since here the quantities are accurately measurable and
traceable.

Probably the same gentlemen who up to now have decried 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 employed, and so they have been taught
nothing new.

But to have formulated for the first time in its universally valid form a general law of development of
nature, society, and thought, will always remain an act of historic importance. And if these gentlemen
have for years caused quantity and quality to be transformed into one another, without knowing what
they did, then they will have to console themselves with Moliere's Monsieur Jourdain who had spoken
prose all his life without having the slightest inkling of it.
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Engels' Dialectics of Nature

III. Basic Forms of Motion
Motion in the most general sense, conceived as the mode of existence, the inherent attribute of matter,
comprehends all changes and processes occurring in the universe, from mere change of place right to
thinking. The investigation of the nature of motion had, as a matter of course, to start from the lowest,
simplest forms of this motion and to learn to grasp these before it could achieve anything in the way of
explanation of the higher and more complicated forms. Hence, in the historical evolution of the natural
sciences we see how first of all the theory of simplest change of place, the mechanics of heavenly bodies
and terrestrial masses, was developed; it was followed by the theory of molecular motion, physics, 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 different branches of the knowledge of the forms of motion
governing non-living nature had attained a high degree of development could the explanation of the
processes of motion represented by the life process be successfully tackled. This advanced in proportion
with the progress of mechanics, physics, and chemistry. Consequently, while mechanics has for a fairly
long time already been able adequately to refer to the effects in the animal body of the bony levers set
into motion by muscular contraction and to the laws that prevail also in non-living nature, the
physico-chemical establishment of the other phenomena of life is still pretty much at the beginning of its
course. Hence, in investigating here 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-living nature.

All motion is bound up with some change of place, whether it be change of place of heavenly bodies,
terrestrial masses, molecules, atoms, or ether particles. The higher the form of motion, the smaller this
change 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 anything else.

The whole of nature accessible to us forms a system, an interconnected totality of bodies, and by bodies
we understand here all material existence extending from stars to atoms, indeed right to ether particles, in
so far as one grants the existence of the last named. In the fact that these bodies are interconnected is
already included that they react on one another, and it is precisely this mutual reaction that constitutes
motion. It already becomes evident here that matter is unthinkable without motion. And if, in addition,
matter confronts us as something given, equally uncreatable as indestructible, it follows that motion also
is as uncreatable as indestructible. It became impossible to reject this conclusion as soon as it was
recognised that the universe is a system, an interconnection of bodies. And since this recognition had
been reached by philosophy long before it came into effective operation in natural science, it is
explicable why philosophy, fully two hundred years before natural science, drew the conclusion of the
uncreatability and indestructibility of motion. Even the form in which it did so is still superior to the
present day formulation of natural science. Descartes' principle, that the amount of motion 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 expressions of the same law are at present current in natural science:
Helmholtz's law of the conservation of force, and the newer, more precise, one of the conservation of
energy. Of these, the one, as we shall see, says the exact opposite of the other, and moreover each of
them expresses only one side of the relation.
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When two bodies act on each other so that a change of place of one or both of them results, this change
of place can consist only in an approach or a separation. They either attract each other or they repel each
other. Or, as mechanics expresses it, the forces operating between them are central, acting along the line
joining their centres. That this happens, that it is the case throughout the universe without exception,
however complicated many movements may appear to be, is nowadays accepted as a matter of course. It
would seem nonsensical to us to assume, when two bodies act on each other and their mutual interaction
is not opposed by any obstacle or the influence of a third body, that this action should be effected
otherwise than along the shortest and most direct path, i.e. along the straight line joining their centres. It
is well known, moreover, that Helmholtz (Erhaltung der Kraft [The Conservation of Force], Berlin,
1847, Sections 1 and 2) has provided the mathematical proof that central action and unalterability of the
quantity of motion are reciprocally conditioned and that the assumption of other than central actions
leads to results in which motion could be either created or destroyed. Hence the basic form of all motion
is approximation and separation, contraction and expansion - in short, the old polar opposites of
attraction and repulsion.

It is expressly 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 conceived matter as the unity of attraction and
repulsion. What is to be understood 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 uncreatibility 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 - long before the natural scientific 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 poles exists only within
their unity and inter-connection, and, conversely, that their inter-connection exists only in their
separation and their unity only in their opposition. This once established, there can be no question of a
final cancelling out of repulsion and attraction, or of a final partition between the one form of motion in
one half of matter and the other form in the other half, consequently there can be no question of mutual
penetration or of absolute separation of the two poles. It would be equivalent to demanding in the first
case that the north and south poles of a magnet should mutually cancel themselves out or, in the second
case, that dividing a magnet in the middle between the two poles should produce on one side a north half
without a south pole, and on the other side a south half without a north pole. Although, however, the
impermissibility of such assumptions follows at once from the dialectical nature of polar opposites,
nevertheless, thanks to the prevailing metaphysical mode of thought of natural scientists, the second
assumption at least plays a certain part in physical theory. This will be dealt with in its place.

How does motion present itself in the interaction of attraction and repulsion? We can best investigate this
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in the separate forms of motion itself. At the end, the general aspect of the matter will show itself.

Let us take the motion of a planet about its central body. The ordinary school textbook of astronomy
follows Newton in explaining the ellipse described as the result of the joint action of two forces, the
attraction of the central body and a tangential force driving the planet along the normal to the direction of
this attraction. Thus it assumes, besides the form of motion directed centrally, also another direction of
motion or so-called "force" perpendicular to the line joining the central points. Thereby it contradicts the
above-mentioned 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 says, is caused only by
centrally acting forces. Equally, it introduces 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 centrally, 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. The rotational motion is obviously strongest at the equator of this
gaseous sphere, and individual gaseous rings separate themselves from the mass and clump themselves
together into planets, planetoids, etc., which revolve round the central body in the direction 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 directions, hut 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 sphere. But whatever hypothesis is assumed of the origin
of the rotation, it abolishes the tangential force, dissolving it in a special form of the phenomena of
centrally acting motion. If the one element of planetary motion, the directly central one, is represented by
gravitation, the attraction between the planet and the central body, then the other tangential element
appears 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
repulsion, 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 sees at a glance that the form of motion here conceived as repulsion is the same as that which
modern physics terms "energy." By the contraction of the system and the resulting detachment of the
individual bodies of which it consists to-day, the system has lost "energy," and indeed this loss,
according to Helmholtz's well-known calculation, already amounts to 453/454 of the total quantity 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
gravitation, as the earth in turn is with the sun; but unlike the earth it is incapable of a free planetary
motion. It can be set in motion only by an impulse from outside, and even then, as soon as the impulse
ceases, its movement speedily comes to a standstill, whether by the effect of gravity alone or by the latter
in combination with the resistance of the medium in which it moves. This resistance also is in the last
resort an effect of 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 surface we are concerned with
a situation in which gravitation, attraction, decisively predominates, where therefore the production of
the motion shows both phases: first counteracting gravity and then allowing gravity to act - in a word,
production of rising and falling.

Thus we have again mutual action between attraction on the one hand and a form of motion taking place
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in 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 mechanics, the repelling, raising
motion must be produced 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 attraction, gravitation, or, as they say, the force of gravity, is the most important, indeed the
basic, form of motion in nature.

When, for instance, a weight is raised and communicates motion to other bodies by falling directly or
indirectly, then according to the usual view of mechanics it is 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 string from which 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 remains attracted to the same extent by the earth, but the capacity
of this weight to produce movements has been lost.... We can, however, wind up the clock by the power
of the human arm, whereby the weight is once more raised up. As soon as this has happened, it regains
its previous operative capacity and can again keep the clock in motion." (Helmholtz, Popular Lectures,
German Edition, II. pp. 144 - 5.)

According to Helmholtz, therefore, it is not the active communication of motion, the raising of the
weight, that sets the clock into motion, but the passive heaviness of the weight, although this same
heaviness is only withdrawn from its passivity by the raising, and once again returns to passivity after the
string of the weight has unwound. 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 repulsion, for attraction. For the time being we shall simply put this on
record.

When this process, as far as terrestrial mechanics is concerned, 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 constituted it? For pure mechanics, it has disappeared. But we know now that it has by no means
been destroyed. To a lesser extent it has been conveyed into the air as 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 repulsion. On the contrary, as Helmholtz
correctly remarks, the attraction, the heaviness, remains what it previously was and, accurately speaking,
becomes even greater. Rather it is the repulsion communicated to the raised body by rising that is
mechanically destroyed by falling and reappears as heat. The repulsion of masses is transformed into
molecular repulsion.
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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. In the liquid state also, on continued addition of heat, it increases the motion 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 molecule by its chemical constitution, they move away individually in the
free state. With a still further addition of heat, this velocity is further increased, and so the molecules are
more and more repelled from one another.

But heat is a form of so-called "energy"; here once again the latter proves to be identical with repulsion.

In the phenomena of static electricity and magnetism, we have a polar division of attraction and
repulsion. Whatever 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 far as they are produced by
static electricity or magnetism and are able to develop unhindered, completely compensate one another,
as in fact necessarily follows from the very nature of the polar division. Two poles whose activities did
not completely compensate each other would indeed not be poles, and also have so far not been
discovered in nature. For the time being we will leave galvanism out of account, because in its case the
process is determined by chemical reactions, which makes it more complicated. Therefore, 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 15.96 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 rule,
repulsion is the active side of the process more endowed with motion or requiring the addition of motion,
while attraction 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 of elements and
is bound up on decomposition. And Helmholtz declares:

"This force (chemical affinity) can be conceived as a force of attraction.... This force of attraction
between the atoms of carbon and oxygen performs work 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 particles of carbonic acid must be in very violent
molecular motion, i.e. in heat motion.... When after they have given up their heat to the environment, we
still have in the carbonic acid all the carbon, all 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 being separated"
(Helmholtz, loc. cit., p. 169).

It is just as before: Helmholtz insists that in chemistry as in mechanics force consists only in attraction,
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 basic 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
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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 expression of motion. On the contrary,
they themselves prove in action that they are forms of one and the same motion by passing into one
another under given conditions. Mechanical motion of masses passes into heat, into electricity, into
magnetism; heat and electricity pass into chemical decomposition; chemical combination in turn
develops heat and electricity and, by means of the latter, magnetism; and finally, heat and electricity
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 measuring mass motion, heat, so-called
electromotive force, or the motion undergoing transformation in chemical processes.

We base ourselves here on the theory of the "conservation of energy" established by J. R. Mayer [1] in
1842 and afterwards worked out internationally with such brilliant success, and we have now to
investigate the fundamental concepts nowadays made use of by this theory. These are the concepts of
"force", "energy", and "work".

It has been shown above that according to the modern 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 abscissae 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
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, i.e. repulsion. But our earth itself allows
of the existence 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 portion of this heat into other forms of motion. Consequently, in
the solar system and above all on the earth, attraction already considerably preponderates 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 conceived as the
active side of motion, hence as "force" or "energy." On the contrary, on the earth to-day attraction has
already 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 motion - nevertheless, in point of fact and for terrestrial
processes, indeed for the whole solar system, is absolutely right in conceiving energy as repulsion.

The expression "energy" by no means correctly expresses all the relationships of motion, for it
comprehends only one aspect, the action but not the reaction. It still makes it appear as if "energy" was
something external to matter, something implanted in it. But in all circumstances it is to be preferred to
the expression "force."
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As conceded on all hands (from Hegel to Helmholtz), the notion of force is derived from the activity of
the human organism within its environment. We speak of muscular force, of the lifting force of the arm,
of the leaping power of the legs, of the digestive force of the stomach and intestinal canal, of the sensory
force of the nerves, of the secretory force of the glands, etc. 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-called force corresponding to the change. Then we carry this convenient method over to the
external world also, and so invent as many forces as there are diverse phenomena.

In Hegel's time natural science (with the exception perhaps of heavenly and terrestrial mechanics) was
still in this naive state, and Hegel quite correctly attacks the prevailing way of denoting forces (passage
to be quoted).[2] 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;
force is a kind of property which is separable from matter and put forward as a predicate - while soul, on
the other hand, is its movement, identical with the nature of matter." (Geschichte der Philosophie
[History of Philosophy], I, p. 208.)

To-day we no longer make it so easy for ourselves in regard to forces. Let us listen to Helmholtz:

"If we are fully acquainted with a natural law, we must also demand that it should operate without
exception.... Thus the law confronts us as an 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 substances,
the law of chemical affinities as a force 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 so on.
These names objectivise laws which in the first place embrace only a limited series of natural processes,
the conditions for which are still rather complicated.... Force is only 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 compulsory law of phenomena. Hence our demand to understand the phenomena 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. chit., pp. 189 - 191. Innsbruck lecture of 1869.)

Firstly, it is certainly a peculiar manner of "objectivising" if the purely subjective notion of force is
introduced into a natural law that has already been established as independent of our subjectivity and
therefore completely 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 entirely unknown force. The secret
meaning, however, of this interpolating is seen as soon as Helmholtz gives us examples: refraction of
light, chemical affinity, contact electricity, adhesion, capillarity, and confers on the laws that govern
these phenomena the "objective" honorary rank of forces. "These names objectivise laws which in the
first place embrace only a limited series 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, hut just because this is not the case. Just
because we are not yet clear about the "rather complicated conditions" of these phenomena, we often
resort here to the word force. We express thereby not our scientific 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 yet been explained, as a makeshift expression, it may pass for current usage.
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Anything more than that is bad. With just as much right as Helmholtz explains physical phenomena from
so-called refractive force, electrical force of contact, etc., the medieval scholastics explained temperature
changes by means of a vis calorifica 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. All 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 because of terrestrial mechanics, implies that only one part is active, effective, the
other part being passive, receptive; hence it lays down a not yet demonstrable extension of the difference
between the sexes to non-living objects. The reaction of the second part, on which 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 mechanics, namely where it is a matter of the simple transference of motion
and its quantitative calculation. But already in the more complicated physical processes it is no longer
adequate, as Helmholtz's own examples prove. The refractive force lies just as much in the light itself as
in the transparent bodies. In the case of adhesion and capillarity, it is certain that the "force" is just as
much situated in the surface of the solid as in the liquid. In contact electricity, at any rate, it is certain that
both metals contribute to it, and "chemical affinity" also is situated, if anywhere, in both the parts
entering into combination. But a force which consists of separated forces, an action which does not evoke
its reaction, but which exists solely by itself, is no force in the sense of terrestrial mechanics, the only
science in which one really knows what is meant by a force. For the basic conditions of terrestrial
mechanics are, firstly, refusal to investigate the causes of the impulse, i.e. the nature of the particular
force, and, secondly, the view of the one-sidedness of the force, it being everywhere opposed by au
identical gravitational force, such that in comparison with any terrestrial distance of fall the earth's radius
= (infinity).

But let us see further how Helmholtz, "objectivises" his "forces" into natural laws.

In a lecture of 1854 (loc. cit.., p. 119) he examines the "store of working force" originally contained in
the nebular sphere from which our solar system was formed. "In point of fact it received an enormously
large legacy in this respect, if only in the form of the general force of attraction of all its parts for one
another." This indubitably is so. But it is equally indubitable that the whole of this legacy of gravitation
is present undiminished in the solar system to-day, apart perhaps from the minute quantity that was lost
together with the matter ' We should now call this potential energy. 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 effective only on intimate contact of the various kinds of masses,
condensation had to take place before they came into play." If, as Hclmholtz does above, we regard these
chemical forces as forces of affinity, hence as attraction, then again we are bound to say that the
sum-total of these chemical forces of attraction still exists undiminished within the solar system.

But on the same page Helmholtz gives us the results of his calculations "that perhaps only the 454th part
of the original mechanical force exists as such" - that is to say, in the solar system. How is one to make
sense of that? The force of attraction, general as well as chemical, is still present unimpaired in the solar
system. Helmholtz does not mention any other certain 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 itself. "Its gravitation is neither lost nor diminished." What
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happens to carbon and oxygen as previously mentioned holds good for all chemical elements: the total
given quantity of each one remains, and "the total force of affinity continues to exist just as powerfully as
before." What have we lost then? And what "force" has performed the tremendous work which is 453
times as big as that which, according to his calculation, the solar system is still able to perform? Up to
this point Helmholtz has given no answer. But further on he says:

"Whether a further reserve of force in the shape of heat was present, we do not know." - But, if we may
be allowed to mention it, heat is a repulsive "force," it acts therefore against the direction of both
gravitation and chemical attraction, being minus if these are put as plus. Hence if, according to
Helmholtz, the original store of force is composed of general and chemical attraction, 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 us assume that the nebular
sphere with radius r, and therefore with volume 4/3(pi)r³ has a temperature t. Let us further assume a
second nebular sphere of equal mass having at the higher temperature T the larger radius R and volume
4/3(pi)R³. Now it is obvious that in the second nebular sphere the attraction, mechanical as well as
physical and chemical, can act with the same force as in the first only when it has shrunk from radius R
to radius r, i.e. when it has radiated into world space heat corresponding to the temperature difference T -
t. A hotter nebular sphere will therefore condense later than a colder one; consequently 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 calculation.

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 is possible. Since for the time being we cannot reverse the heat and
replace its repulsion by the equivalent attraction, we shall have to perform this reversal with the two
forms of attraction. Then, instead of the general force of attraction, instead of the chemical affinity, and
instead of the heat, which moreover possibly already exists as such at the outset, we have simply to put -
the sum of the repulsive motion or so-called energy present in the gaseous sphere at the moment when it
becomes independent. And by so doing Helmholtz's calculation will also hold, in which he wants to
calculate "the heating that must arise from the assumed initial condensation of the heavenly bodies of our
system from nebulously scattered matter." By thus reducing the whole "reserve of force" to heat,
repulsion, he also makes it possible to add on the assumed "heat reserve force". The calculation then
asserts that 453/454 of all the energy, i.e. repulsion, originally present in the gaseous sphere has been
radiated into space in the form of heat, or, to put it accurately, that the sum of all attraction in the present
solar system is to the sum of all repulsion, still present in the same, as 453: 1. But then it directly
contradicts the text of the lecture to which it is added as proof.

If then the notion of force, even in the case of a physicist like Helmholtz, gives rise to such confusion of
ideas, this is the best proof that it is in general not susceptible of scientific use in all branches of
investigation which go beyond the calculations of mechanics. In mechanics the causes of motion are
taken as given and their origin is disregarded, only their effects being taken into account. Hence if a
cause of motion is termed a force, this does no damage to mechanics as such; but it becomes the custom
to transfer this term also to physics, chemistry, and biology, and then confusion is inevitable. We have
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already seen this and shall frequently see it again.

For the concept of work, see the next chapter.

Notes

1. Helmholtz, in his Pop. Vorlesungen [Popular Lectures], II, p. 113, appears to ascribe a certain share in
the natural scientific proof of Descartes' principle of the quantitative immutability of motion to himself as
well as to Mayer, Joule, and Colding. "I myself, without knowing anything of Mayer and Codling, and
only becoming acquainted with Joule's experiments at the end of my work, proceeded along the same
path; I 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 investigations in
1847 in a little work entitled Uber die Erhaltung der 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,
mathematically very valuable, development that "conservation of force" and central action of the forces
active between the various bodies of a system are only two different expressions for the same thing, and
further a more accurate formulation of the law that the sum of the live and tensional forces in a 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 "indestructibility of force", and from his new
standpoint in 1845 he had much more brilliant things to say about the "relations between the various
processes of nature" than Helmholtz had in 1847.

2. See Appendix II, p. 881.
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Engels' Dialectics of Nature

IV. The Measure of Motion - Work
"On the other hand, I have always found hitherto that the basic concepts in this field (i.e. "the basic
physical concepts of work and their unalterability ") seem very difficult to grasp for persons who have
not gone through the school of mathematical mechanics, in spite of all zeal, all intelligence, and even a
fairly high degree of scientific knowledge. Moreover, it cannot be denied that they are abstractions of a
quite peculiar kind. It was not without difficulty that even such an intellect as that of I. Kant succeeded in
understanding them, as is proved by his polemic against Leibniz on this subject."

So says Helmholtz (Pop. wiss. Vorträge [Popular Scientific Lectures], II, Preface).

According to this, we are venturing now into a very dangerous field, the more so since we cannot very
well take the liberty of guiding the reader "through the school of mathematical mechanics." Perhaps,
however, it will turn out that, where it is a question of concepts, dialectical thinking will carry us at least
as far as mathematical calculation.

Galileo discovered, on the one hand, the law of falling, according to which the distances traversed by
falling bodies are proportional to the squares of the times taken in falling. On the other hand, as we shall
see, he put 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 a way that for constant mass it is
proportional to the velocity. Descartes adopted this latter law and made the product 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 forces into dead forces and live forces. The dead were the "pushes"
or "pulls" of resting bodies, and their measure the product of the mass and the velocity with which the
body would move if it were to pass from a state of rest to one of motion. On the other hand, he put
forward as the measure of vis viva, of the real motion of a body, the product of the mass and the square of
the velocity. This new measure of motion he derived directly from the law of falling.

"The same force is required," so Leibniz concluded, " to raise a body of four pounds in weight one foot
as to raise a body of one pound in weight four feet; but the distances are proportional to the square of the
velocity, for when a body has fallen four feet, it attains twice the velocity reached on falling only one
foot. However, bodies on falling acquire the force for rising to the same height as that from which they
fell; hence the forces are proportional to the square of the velocity." (Suter, Geschichte der Mathematik
[History of Mathematics], II, p. 367.)

But he showed further that the measure of motion mv is in contradiction to the Cartesian law of the
constancy of the quantity of motion, for if it was really valid the force (i.e. the quantity of motion) in
nature would continually increase or diminish. He even devised an apparatus (1690, Acta Eruditorum)
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which, if the measure mv 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 Schätzung der
lebendigen Kräfte [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 "
controversy which "dragged out for more than forty years and divided the mathematicians of Europe into
two hostile camps, until at last d'Alembert by his Traité de dynamique (1743), as it were by a final
verdict, put an end to the useless verbal dispute, for it was nothing else." (Suter, ibid., p. 366.)

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 occasion it is proportional to the velocity, and on
another to the square of the velocity? 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 it 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, mv
remains the measure of motion, and vis viva is only another expression for mv2/2, concerning which
formula we learn indeed that it is of great significance for mechanics, but now most certainly do not
know what significance it has.

Let us, however, take up the salvation-bringing Traité de dynamique and look more closely at
d'Alembert's "final verdict"; it is to be found in the preface. In the text, it says, the whole question does
not occur, on account of l'inutilité parfaite dont elle est pour la mécanique. This is quite correct for
purely mathematical mechanics, in which, as in the case of Suter above, words used as designations are
only other expressions, or names, for algebraic formulae, names in connection with which it is best not to
think at all. Nevertheless, since such important people have concerned themselves with the matter, he
desires to examine it briefly in the preface. Clearness of thought demands that by the force of moving
bodies one should understand only their property of overcoming obstacles or resisting them. Hence, force
is to be measured neither by mv2 nor by XXX, but solely by the obstacles and the resistance they offer.

Now, there are, he says, three kinds of obstacles: (1) insuperable obstacles which totally destroy the
motion, and for that very reason cannot be taken into account here; (2) obstacles whose resistance
suffices to arrest the motion and to do so instantaneously: the case of equilibrium; (3) obstacles which
only gradually arrest the motion: the case of retarded motion.

"Or tout le monde convient qu'il y a équilibre entre deux corps, quand les produits de leurs masses par
leurs vitesses virtuelles, c'est à dire par les vitesses avec lesquelles ils tendent à se mouvoir, sont égaux
de part et d'autre. Donc dans l'équilibre le produit de la masse par la vitesse, ou, ce qui est la même
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 à la fois, ou successivement, non pas deux, mais quatre ressorts semblables au premier,
neuf avec une vitesse triple, et ainsi du reste. D'où les partisans des forces vives [the Leibnizians]
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concluent que la force des corps qui se meuvent actuellement, est en général comme le produit de la
masse par le carré de la vitesse. Au fond, quel inconvénient pourrait-il y avoir, à ce que la mesure des
forces fût différente dans l'équilibre et dans le mouvement retardé, puisque, si on veut ne raisonner que
d'après des idées claires, on doit n'entendre par le mot force que l'effet produit en surmontant l'obstacle
ou en lui résistant?" (Preface, pp. 19-20, of the original edition.)

D'Alembert, 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 already said - for his équilibre is precisely the same thing as
the "dead 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,

"si dans ce dernier cas on mesure la force, non par la quantité absolue des obstacles, mais par la somme
des résistances de ces mêmes obstacles. Car on ne saurait douter que cette somme des résistances ne soit
proportionelle à la quantité du mouvement mv, puisque, de l'aveu de tout le monde, la quantité du
mouvement que le corps perd à chaque instant, est proportionelle au produit de la résistance par la durée
infiniment petite de l'instant, et que la somme de ces produits est evidemment la résistance totale."

This latter mode of calculation seems to him the more natural one, "car un obstacle n'est tel qu'en tant
qu'il résiste et c'est, à proprement parler, la somme des résistances qui est 1'obstacle vaincu; d'ailleurs, en
estimant ainsi la force, on a l'avantage d'avoir pour l'équilibre et pour le mouvement retardé une mesure
commune." Still, 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 very futile metaphysical discussion or a still more discreditable purely verbal dispute.

D'Alembert's proposal for reaching a reconciliation amounts to the following calculation:

A mass 1, with velocity 1, compresses 1 spring in unit time.

A mass 1, with velocity 2, compresses 4 springs, but requires two units of time; i.e. only 2 springs pcr
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 mv2 tomv.

This is the same argument that Catelan in particular had already employed against Leibniz; it is true that
a body with velocity 2 rises against gravity four times as high as one with velocity 1, but it requires
double the time for it; consequently the quantity of motion must be divided by the time, and =2, not =4.
Curiously enough, this is also Suter's view, who indeed deprived the expression "vis viva" of all logical
meaning and left it only a mathematical one. But this is natural. For Suter it is a question of saving the
formula mv in its significance as sole measure of the quantity of motion; hence logically mv2 is sacrificed
in order to arise again transfigured in the heaven of mathematics.

However, this much is correct: Catelan's argument provides one of the bridges connecting mv with mv2,
and so is of importance.

The mechanicians subsequent to d'Alembert by no means accepted his verdict, for his final verdict was
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indeed in favour of mv as the measure of motion. They adhered to his expression of the distinction which
Leibniz had already made between dead and live forces: mv is valid for equilibrium, i.e. for statics; mv2

is valid for motion against resistance, i.e. for dynamics. Although on the whole correct, the distinction in
this form has, however, logically no more meaning than the famous 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 in this double measure, how can we help it?

Thus, for instance, Thomson and Tait say (A Treatise on Natural Philosophy, Oxford, 1867, p. 102);
"Thequantity 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." And immediately below that they say: " The vis viva or kinetic energy of a moving body is
proportional to the mass and the square of the velocity conjointly."

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 contradiction, or even to disguise it. In the book by these 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 Kirchhoff's Vorlesungen über mathematische Mechanik [Lectures on Mathematical Mechanics] the
formulae mv and mv2 do not occur at all in this form.

Perhaps Helmholtz will aid us. In his Erhaltung der Kraft [Conservation of Force] he proposes to
express vis viva by mv2/2, a point to which we shall return later. Then, on page 20 et seq., he enumerates
briefly the cases in which so far the principle of the conservation of vis viva (hence of mv2/2) has been
recognised and made use of. Included therein under No. 2 is

"the transference of motion by incompressible 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 proportion as it increases in velocity. If, therefore, we imagine a weight m being raised with
velocity c by a machine in which a force for performing work is produced uniformly by some process or
other, then with a different mechanical arrangement the weight nm could be raised, but only with velocity
c/n, so that in both cases the quantity of tensile force produced by the machine in unit time is represented
by mgc, where g is the intensity 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 proportion to the square of the velocity.

In any case, it becomes evident here that mvand mv2 serve to determine two quite distinct processes, but
we certainly knew long ago that mv2 cannot equal mv, unless v=l. What has to be done is to make it
comprehensible why motion should have a twofold measure, a thing which is surely just as unpermissible
in natural science as in commerce. Let us, therefore, attempt this in another way.

By mv, then, one measures "a motion propagated and altered by mechanical powers "; hence this measure
holds good for the lever and all its derivatives, for wheels, screws, etc., in short, for all machinery for the
transference of motion. But from a very simple and by no means new consideration it becomes evident
that in so far as mv applies here, so also does mv2. Let us take any mechanical contrivance in which the

1883-Dialectics of Nature-ch4

http://www.marxists.org/archive/marx/works/1883/don/ch04.htm (4 of 9) [06/06/2002 16:26:15]



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, 1x20=m'v',
4x5. On the other hand, if we let each of the weights, after it has been raised, fall freely to the original
level, then the one, 1 kg., after falling a distance of 20 m. (the acceleration due to gravity is put in round
figures =10 m. instead of 9,81 m.), attains a velocity of 20 m.: the other, 4 kg., after falling a distance of
5 m., attains a velocity of 10 m.

mv2=1 x 20 x 20 =400 =m'v'2=4x10x10=400

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

But after each of the two bodies has fallen from its, height, its motion ceases. Therefore, mv appears here
as the measure of simple transferred, hence lasting, mechanical motion, and mv2 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 mv2 is
unaltered before and after impact. Both measures have the same validity.

'This is not the case on impact of inelastic bodies. Here, too, the current elementary textbooks (higher
mechanics is hardly concerned at all with such trifles) teach that before and after impact the sum of mv
remains the same. On the other hand a loss of vis viva occurs, for if the sum of mv2 after impact is
subtracted from the sum of mv2 before impact, there is under all circumstances a positive remainder. By
this amount (or the half of it, according to the notation adopted) the vis viva is diminished owing both to
the mutual penetration and to the change of form of the colliding bodies. The latter is now clear and
obvious, but not so the first assertion that the sum of mv remains the same before and after impact. In
spite of Suter, vis viva is motion, and if a part of it is lost, motion is lost. Consequently, eithermv here
incorrectly expresses the quantity of motion, or the above assertion is untrue. In general the whole
theorem has been handed down from a period when there was as yet no inkling of the transformation of
motion; when, therefore, a disappearance of mechanical motion was only conceded where there was no
other way out. Thus, the equality here of the sum of mv before and after impact was taken as proved by
the fact that no loss or gain of this sum had been introduced. If, however, the bodies lose vis viva in
internal friction corresponding to their inelasticity, they also lose velocity, and the sum of mv after impact
must be smaller than before. For it is surely not possible to neglect the internal friction in calculating mv,
When it makes itself felt so clearly in calculating mv2.

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 same, this decrease of the sum of mv2 is still found.
Here, therefore, mv and mv2 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 mv2 expresses the quantity of
motion correctly, while the sum of mv expresses it incorrectly.

Such are pretty nearly all the cases in which mv is employed in mechanics. Let us now glance at some
cases in which mv2 is employed.
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When a cannon-ball is fired, it uses up in its course an amount of motion that is proportional to mv2,
irrespective 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 proportional to its mv2. Similarly, mv2 serves wherever it is necessary to
calculate the mechanical force required for overcoming a resistance.

But what is the meaning of this convenient phrase, so current in mechanics: overcoming a resistance?

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 height reached back to its original level. The quantity is measured by half the product of
the mass and the final velocity after falling, mv2/2. What then occurred on raising the weight?
Mechanical 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 appropriate means,
be reconverted into the same quantity of mechanical motion as was necessary to produce it. The potential
energy is only the negative expression of the vis viva and vice versa.

A 24-lb. cannon-ball moving with a velocity of 400 m. per 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 mechanical motion has vanished equal to mv2/2, i.e. (since 24 lbs. =12 kg.)
=12 X 400 X 400 X 1/2= 960,000 kilogram-metres. Wat has become of it? A small portion has been
expended in the concussion and molecular 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-hall 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
kilogram-metres, the quantity of heat corresponding to the above-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
ternperature of 1 kg. of water by 1º C. (which serves as the unit of heat) suffices to raise the temperature
of 1/0.1140 = 8.772 kg. of iron by 1º C. Therefore the 2,264 heat-units mentioned above raise the
temperature of 1 kg. of iron by 8.772 X 2,264 =19,860º C. or 19,860 kg. of iron by 1º C. Since this
quantity of heat is distributed uniformly in the armour and the shot, the latter has its temperature raised
by 19,860/2X12=828º, amounting to quite a good glowing heat. But since the foremost, striking end of
the shot receives at any rate by far the greater part of the heat, certainly double that of the rear half, the
former would be raised to a temperature of 1,104º C. and the latter to 552º C., which would fully suffice
to explain the glowing effect even if we make a big deduction for the actual mechanical work performed
on impact.

Mechanical motion also disappears in friction, to reappear as heat; it is well known that, by the most
accurate possible measurement of the two processes, Joule in Manchester and Codling in Copenhagen
were the first to make an approximate experimental measurement of the mechanical equivalent of heat.

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 of so-called electromotive force produced in
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a given time is proportional to the quantity of mechanical motion used up in the same period, being equal
to it if expressed in the same units. We can imagine this quantity of mechanical motion being produced,
not by a steam engine, but by a weight falling in accordance with the pressure of gravity. The mechanical
force that this is capable of supplying is measured by the vis viva that it would obtain on falling freely
through the same distance, or by the force required to raise it again to the original height; in both cases
mv2/2.

Hence we find that while it is true that mechanical motion has a two-fold measure, each of these
measures holds good for a very definitely demarcated series of phenomena. If already existing
mechanical motion is transferred in such a way that it remains as mechanical motion, the transference
takes place in proportion to the product of the mass and the velocity. If, however, it is transferred in such
a way that. it disappears as mechanical motion in order to reappear in the form of potential energy, heat,
electricity, etc., in short, if it is converted into another form of motion, then the quantity of this new form
of motion is proportional to the product of the originally moving mass and the square of the velocity. In
short, mv is mechanical motion measured as mechanical motion; mv2/2 is mechanical motion measured
by its capacity to become converted into a definite quantity of another form of motion. And, as we have
seen, these two measures, because different, do not contradict one another.

It becomes clear from this that Leibniz's quarrel with the Cartesians was by no means a mere verbal
dispute, and that d'Alembert's verdict in point of fact settled nothing at all. D'Alembert. might have
spared himself his tirades on the unclearness of his predecessors, for he was just as unclear as they were.
In fact, as long as it was not known what becomes of the apparently annihilated mechanical motion. the
absence of clarity was inevitable. And as long as mathematical mechanicians like Suter remain
obstinately shut in by the four walls of their special science, they are bound to remain just as unclear as
d'Alembert and to put us off with empty and contradictory phrases.

But how does modern mechanics express this conversion of mechanical motion into another form of
motion, proportional in quantity to the former? It has performed work, and indeed a definite amount of
work.

But this does not exhaust the concept of work in the physical sense of 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 electricity
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.

But how so? If a raised 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 energy 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 calculate but can also think dialectically.

Hence, by a consideration of the two measures of rnechanical motion, we arrive incidentally, easily, and
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almost as a matter of course, at the concept of work, which was described to us as being so difficult to
comprehend without mathematical mechanics. At any rate, we now know more about it than from
Helmholtz's lecture On the Conservation of Force(1862), which was intended precisely "to make as clear
as possible the fundamental physical concepts of work and their invariability." All that we learn there
about work is: that it is something which is expressed in foot-pounds or in units of heat, and that the
number of these foot-pounds or units of heat is invariable for a definite quantity of work; and, further,
that besides mechanical forces and heat, chemical and electric forces can perform work, but that all these
forces exhaust their capacity for work in the measure that they actually result in work. We learn also that
it follows from this that the sum of all effective quantities of force in nature as a whole remains eternally
and invariably the same throughout all the changes taking place in nature. The concept of work is neither
developed, nor even defined.[1] And it is precisely the quantitative invariability of the magnitude of
work which prevents him from realising that the qualitative alteration, the change of form, is the basic
condition for all physical work. And so Helmholtz can go so far as to assert that " friction and inelastic
impact are processes in which mechanical work is destroyedand heat is produced instead." (Pop.
Vorträge [Popular Lectures], II, p. 166.) Just the contrary. Here mechanical work is not destroyed, here
mechanical work is performed. It is mechanical motion that is apparently destroyed. But mechanical
motion can never perform even a millionth part of a kilogram-metre of work, without apparently being
destroyed as such, without becoming converted into another form of motion.

But, as we have seen, the capacity for work contained in a given quantity of mechanical motion is what is
known as its vis viva, and until recently was measured by mv2. And here a new contradiction arose. Let
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 h,
when, if the force of gravity is put as g, the magnitude of work =mgh. For the body m to rise freely to the
vertical height h, it requires a velocity v= (square root of)2gh, and it attains the same velocity on falling.
Consequently, mgh=mv2/2 and Helmholtz proposes " to take the magnitude mv2/2 as the quantity of vis
viva, whereby it becomes identical with the measure of the magnitude of work. From the viewpoint of
how the concept of vis viva has been applied hitherto... this change has no significance, but it will offer
essential advantages in the future."

It is scarcely to be believed. In 1847, Helmholtz was so little clear about the mutual relations of vis viva
and work, that he totally fails to notice how he transforms the former proportional measure of vis vivainto
its absolute measure, and remains quite unconscious of the important discovery he has made by his
audacious handling, recommending his mv2/2 only because of its convenience as compared with mv2!
And it is as a matter of convenience that mechanicians have adopted mv2/2. Only gradually was mv2/2
also proved mathematically. Naumann (Allg. Chemie [General Chemistry], p. 7) gives an algebraical
proof, Clausius (Mechanische Wärmetheorie [The Mechanical Theory of Heat], 2nd Cdition, 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) Clerk Maxwell (ibid., p. 88) gives an elegant algebraical proof of the deduction of
mv2/2 from mv. This does not prevent our two Scotsmen, Thomson and Tait, from asserting (ibid., p.
168): " The vis viva or kinetic energy of a moving body is proportional to the mass and the square of the
velocity conjointly. If we adopt the same units of mass as above (namely, unit of mass moving with unit
velocity) there is a particular advantage in defining kinetic energy as half the product of the mass and
the square of the velocity." Here, therefore, we find that not only the ability to think, but also to calculate,
has come to a standstill in the two foremost mechanicians of Scotland. The particular advantage, the
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convenience of the formula, accomplishes everything in the most beautiful fashion.

For us, who have seen that vis viva is nothing but the capacity of a given quantity of mechanical motion
to perform work, it is obvious on the face of it that the expression in mechanical terms of this capacity
for work and the work actually performed by the latter must be equal to each other; and that,
consequently, if mv2/2 measures the work, the vis viva must likewise be measured by mv2/2. But that is
what happens in science. Theoretical mechanics arrives at the concept of vis viva, the practical mechanics
of the engineer arrives at the concept of work and forces it on the theoreticians. And, immersed in their
calculations, the theoreticians have become so unaccustomed to thinking that for years they fail to
recognise the connection between the two concepts, measuring one of them by mv2, the other by mv2/2,
and finally accepting mv2/2 for both, not from comprehension, but for the sake of simplicity of
calculation! [2]

Notes

1. We get no further by consulting Clerk Maxwell. The latter says (Theory of Heat, 4th edition, London,
1875, p. 87): "Work is done when resistance is overcome," and on p. 183, " The energy of a body is its
capacity for doing work." That is all that we learn about it. [Note by F. Engels.]

2. The word "work" and the corresponding idea is derived from English engineers. But in English
practical work is called "work," while work in the economic sense is called " labour." Hence, physical
work also is termed "work," thereby excluding all confusion with work in the economic sense. This is not
the case in German; therefore it has been possible in recent pseudo-scientific literature to make various
peculiar applications of work in the physical sense to economic conditions of labour and vice versa. But
we have also the word " Werk" which, like the English word "work," is excellently adapted for signifying
physical work. Economics, however, being a sphere far too remote from our natural scientists, they will
scarcely decide to introduce it to replace the word Arbeit, which has already obtained general currency -
unless, perhaps, when it is too late. Only Clausius has made the attempt to retain the expression " Werk,"
at least alongside the expression " Arbeit." [Note by F. Engels.]
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Engels' Dialectics of Nature

V. 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
peculiarity that not only can it be re-transformed into mechanical 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. Mechanical 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 disappears 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 chronic impact,
impact is acute friction. The mechanical motion that disappears here, disappears altogether as such. It can
never be restored 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.

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 physics the mechanics of molecular motion, it has not been overlooked that this expression by
no 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, etc., are determined by the molecular constitution of the bodies concerned.
Similarly almost all the most important scientists now[1] regard 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)... the ether within the body can also participate" (Mechanische Wärmetheorie [Mechanical
Theory of Heat] I, p. 22).[3] But in the phenomena of electricity 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 mechanics of the ether, this
subject will include a great deal that is now of necessity allocated to physics.[4]

The physical processes in which the structure of the molecule is altered, or even destroyed, will be dealt
with later on: they form the transition from physics to chemistry.

Only with molecular motion does the change of form of motion acquire complete freedom. Whereas, at
the boundary of mechanics the motion of masses can assume 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 thermopile, it becomes identical[5] with light at a certain stage of radiation, and in its
turn reproduces mechanical motion. 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 relations that a given quantity of any one of these forms of energy
can be expressed in any other - in kilogram-metres, in heat units, in volts,[6] and similarly any unit of
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measurement can be translated into any other.

The practical discovery of the conversion of mechanical motion into heat is so very ancient that it can be
taken as dating from the beginning of human history.[7] Whatever discoveries, in the way of tools and
domestication of animals,[8] 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 immeasurable import of this gigantic advance impressed itself on the mind of
mankind. Long after the introduction of the use of bronze and iron the discovery of the stone knife, the
first tool, continued 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 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 European countries
insists that fire with miraculous powers (e.g. our German bonfire against epidemics) 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 dialectics of the process, the cycle of the process being completed
- for the first stage, at least. But history has its own pace, and however dialectical its course may be in the
last analysis, 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 steam 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 Frenchman, Papin, invented the first steam engine, and he invented it in
Germany. 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 principle 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 eighteenth 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
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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 satisfied 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 solving it, but solely a preconceived false
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-philosophical method.

In the seventeenth century heat was regarded, at any rate in England, as a property of bodies, as "a
motion of a particular kind, the nature of which has never 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, electricity, and magnetism, is a special
substance, and that all these peculiar substances differ from ordinary matter in having no weight, in being
imponderable.

Notes

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

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

3. See Appendix II, pp. 333-4.

4. This has certainly been verified in the sense that for modern physics the properties of particles can be
regarded as essentially repulsions 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 full of internal contradictions that the word is now
little used.

5. As we saw, some of the heat in a hot body takes the form of radiation. When the body gets red hot this
becomes partially visible (i.e. light).

6. This is, of course, a mistake. The volt is not an energy unit, as Engels would soon have known had he
ever had to pay an electricity bill!

7. Even Sinanthropus, a type of man very different physically from ourselves, possessed fire, though of
course we do not know how he made it.

8. The use of fire immensely preceded domestication.

Transcribed in 1998 for MEIA by slr@marx.org

 

1883-Dialectics of Nature-ch5

http://www.marxists.org/archive/marx/works/1883/don/ch05.htm (3 of 4) [06/06/2002 16:26:16]

mailto:slr@marx.org


Contents | next section | Marx Engels Archive

1883-Dialectics of Nature-ch5

http://www.marxists.org/archive/marx/works/1883/don/ch05.htm (4 of 4) [06/06/2002 16:26:16]



Engels' Dialectics of Nature

VI. Electricity [1]

ELECTRICITY, like heat, only in a different way, has also 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 omnipresence, 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 galvanic 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 atomic weights, there is order, relative certainty about what has been achieved, and
systematic, almost planned, attack on the territory still unconquered, comparable to the regular siege of a
fortress. In the theory of electricity there is a barren lumber of ancient, doubtful experiments, neither
definitely confirmed nor definitely refuted; , an uncertain fumbling in the dark, uncoordinated 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 discovery like that of Dalton, giving the whole science a central point and a firm
basis for research, is still to seek.[2] It is essentially this unsettled state of the theory of electricity, which
for the time being makes it impossible to establish 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.

If in 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 recommended 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 a work of the year 1840: An Outline of the
Sciences of Heat and Electricity, by Thomas Thomson. Old Thomson was indeed an authority in his day
; moreover he had already at his disposal a very considerable part of the work of the greatest electrician
so far - Faraday. Yet his book contains at least just as crazy things as the corresponding section of the
much older Hegelian philosophy of nature. The description of the electric spark, for instance, might have
been translated directly from the corresponding passage in Hegel. Both enumerate 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.

Still 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 negatively electrified on
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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 cooling, but in
winter the reverse; that with a high barometer and northerly wind they are strongly electric, positive if the
temperature is rising and I negative if it is falling, etc.

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 occupying 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 forces in succession 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 as
the atoms do theirs, in some way at present unknown to us and so the end of the whole. The ultimate
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 in both cases may, hereafter, prove to be the same." [3]

I have, adds Thomson, given this explanation of Faraday'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 materiality of the charged body does not as yet enter
into the process but is determined within it only in an elementary 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.) [4]

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, distinct variety of matter. And since in the spark electricity is apparently
exhibited as independent, free from any foreign material substratum, 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 a transient phenomenal form of a " force " momentarily freed from all matter. For us, of course,
the riddle is solved, since we know that on the spark discharge between metal electrodes real "metallic
particles" leap across, and hence in actual fact " the special materiality of the charged body enters into the
process."

As is well known, electricity and magnetism, like heat and light, were at first regarded as special
imponderable substances. As far as electricity is concerned, it is well known that the view soon
developed that there are two opposing 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 them by a third conducting body equalisation occurs, either suddenly or by means of a lasting
current, according to circumstances. 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.[5]

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 l/r, the latter signifying "the ratio . . . of the unit of

1883: Dialectics of Nature chapter 6

http://www.marxists.org/archive/marx/works/1883/don/ch06.htm (2 of 34) [06/06/2002 16:26:25]



electricity to the milligram." (Wiedemann, Lehre vom Galvanismus, etc. [Theory of Galvanism, etc.], 2nd
edition, III, p. 569). The ratio to a measure of weight can naturally only be a weight ratio. Hence one-side
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 formula derived by Weber sufficed only within certain limits, and Helmholtz, in particular, only a
few years ago calculated results that come into conflict with the principle of the conservation of energy.
In opposition to Weber's hypothesis of the double current 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
Wiedemann includes the remark: " This hypothesis could be linked up with that of Weber if to Weber's
supposed double current of electric masses ±½e flowing in opposite directions, there were added a
further current of neutral electricity, externally inactive, which carried with it amounts of electricity ±½e
in the direction of the positive current." (III, 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; both 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 assumption also that one flows and the other is at rest. If we adopt this last assumption how are we
to explain the inexplicable idea that negative electricity, which is mobile 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, ±½e, flow to the right.
First we assume that the two electricities, to be able to flow at all, must be separated from one another ;
and then, in order to explain the phenomena that occur on the flow of the separated electricities, we
assume that they can also flow unseparated. First we make a supposition to explain a particular
phenomenon, 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 gentlemen have the right to complain 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 to-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 Raoult, 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 special 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 possible 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 electricity, even exceeding that
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of light,[6] it remained difficult to overcome the view that here some material substance is in motion
between the molecules of the body.

Here the most recent theories put forward by Clerk Maxwell (1864), Hankel (1865), Reynard (1870), and
Edlund (1872) are in complete agreement with the assumption already advanced in 1846, first of all as a
suggestion by Faraday, that electricity is a movement of the elastic medium permeating the whole of
space and hence all bodies as well, the discrete particles of which medium 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 the body take part in this motion. As to the manner of this motion, the various theories are
divergent; those of Maxwell, Hankel, and Reynard, taking as their basis modern investigations of vortex
motion, explain it in various ways from vortices, so that the vortex of old Descartes also once more
comes into favour in an increasing number of new fields. We refrain from going more closely into the
details of these theories. They differ strongly from one another and they will certainly still experience
many transformations. But a decisive advance appears to lie in their common basic conception: that
electricity is a motion of the particles of the luminiferous ether that penetrates all ponderable matter, this
motion reacting on the molecules of the body. This conception reconciles the two earlier ones. According
to it, it is true that in electrical phenomena it is something substantial that moves, something different
from ponderable matter. But this substance is not electricity itself, which in fact proves rather to be a
form of motion, although not a form of the immediate direct motion of ponderable matter. While, on the
one hand, the ether theory shows a way of getting over the primitive clumsy idea of two opposed
electrical fluids, on the other hand it gives a prospect of explaining what the real, substantial substratum
of electrical motion is, what sort of a thing it is whose motion produces electrical phenomena .[7]

The ether theory has already had one decisive success. As is well known, there 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 electric specific inductive capacity of a body
is equal to the square of its index of refraction. Boltzmann has investigated dielectric coefficients of
various nonconductors 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 confirmed.[8]

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 contradictory 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
uncomfortable position of having to employ a mode of expression which it itself admits to 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 electricities in every molecule," etc. This is a
misfortune which for the most part, as already said, follows inevitably from the present transitional state
of science, but which also, with the one-sided empiricism particularly prevalent in this branch of
investigation, contributes not a little to preserving the existing confusion of thought.

The opposition between so-called static or frictional electricity and dynamic electricity or galvanism can
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, etc. We shall not here touch on the subform of static electricity, nor likewise on
magnetism, which is now recognised to be also a sub-form of electricity. The theoretical explanation of
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the phenomena belonging here will under all circumstances have to be sought in the theory of the
galvanic current, and consequently we shall keep mainly to this.

A constant current can be produced in many different ways. Mechanical mass motion produces directly,
by 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[9] 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 circumstances appears in
the form of heat, is converted under appropriate conditions into electric motion. Conversely, the latter
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 intervention of magnetism in the electro-magnetic machine; into heat -
throughout a closed circuit, unless other changes are brought about; into chemical energy - in
decomposition cells and voltameters introduced into the circuit, where the current dissociates compounds
that are attacked in vain by other means.

All these transformations are governed by the basic law of the quantitative equivalence of motion
through all its changes of form. Or, as Wiedemann expresses it: "By the law of conservation of force the
mechanical work exerted in any way for the production of the current must be equivalent to the work
exerted in producing all the effects of the current." The conversion of mass motion or heat into
electricity[10] offers us no difficulties here; it has been shown that the so- called "electromotive force"[11]

in the first case is equal to the work expended on that motion, and in the second case it is " at every
junction of the thermopile directly proportional to its absolute temperature " (Wiedemann, III, p. 482),
i.e. to the quantity of heat present at every junction measured in absolute units. The same law has in fact
been proved valid also for electricity produced from chemical energy. But here the matter seems to be
not so simple, at least for the theory now current. Let us, therefore, go into this somewhat more deeply.

One of the most beautiful series of experiments on the transformations of form of motion as a result of
the action of a galvanic cell is that of Favre (1857-58). He put a Smee cell of five elements in a
calorimeter; in a second 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. Each production in the cell of one
gram of hydrogen, or solution of 32·6 grams of zinc (the old chemical equivalent of zinc, equal to half
the now accepted atomic weight 65·2, and expressed in grams), gave the following results:

A. The cell enclosed in the calorimeter, excluding the motor: heat production 18,682 or 18,674 units of
heat.

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.

C. As B, but the motor in motion without however lifting a weight: heat in the cell 13,888, in the motor
4,769, together 18,657 units of heat.

D. As C, but the motor raises a weight and so performs mechanical work==131,24 kilogram-metres: heat
in the cell 15,427, in the motor 2,947, total 18,374 units of heat; loss in contrast to the above 18,682
equals 308 units of heat. But the mechanical work performed amounting to 131,24 kilogram-metres,
multiplied by 1,000 (in order to bring the kilograms into line with the grams of the chemical results) and
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divided by the mechanical equivalent of heat== 423,5 kilogram-metres, gives 309 units of heat, hence
exactly the loss mentioned above as the heat equivalent of the mechanical work performed.

The equivalence of motion in all its transformations is, therefore, strikingly proved for electric motion
also, within the limits of unavoidable error. And it is likewise proved that the " electromotive force " of
the galvanic battery is nothing but chemical energy converted into electricity, and the battery itself
nothing but an apparatus that converts chemical energy on its 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.

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 electromotive 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 even without chemical action, to the energy set free by chemical action? And if it is a source of
energy independent of the latter, whence comes the energy furnished by it?

This question in a more or less unclear form constitutes the point of dispute between the contact theory
founded by Volta and the chemical theory of the galvanic current that arose immediately afterwards.

The contact theory explained the current from the electric 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 circuit. The pure contact
theory regarded any chemical changes that might thereby occur as quite secondary. On the other hand, as
early as 1805, Ritter maintained that a current could only be formed if the excitants reacted chemically
even before closing the circuit. In general this older chemical theory is summarised by Wiedemann (I, p.
284) to the effect that according to it so-called contact electricity "makes its appearance only if at the
same time there comes into play a real chemical action of the bodies in contact, or at any rate a
disturbance of the chemical equilibrium, even if not directly bound up with chemical processes, a
`tendency towards chemical action' between the bodies in contact."

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 successors 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 chemical
action makes the battery capable of producing the current and its performance 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
case for the contact theory. In so far as it 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 ascribe a particular
effect to the first available apparent cause that showed itself on the surface, regardless of whether motion
was thereby made to arise out of nothing- notions that directly 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
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