
r--··--

PEDLOSOPFUCALPROBL~ 
IN PHYSICAL SCIENCE 



STUDIES ·IN MARXISM, Vol. 7 

PHILOSOPHICAL . 
PROBLEMS IN 
PHYSICAL SCIENCE 

by .. 
HERBERT HORZ 

•• 
HANS.DIETER POLTZ 
HEINRICH PARTHEY .. 
ULRICH ROSEBERG 

KARL-FRIEDRICH WESSEL 

Rmled EnaHsii-Lupqe EcUtloa ldltM by 

. ERWIN MARQUIT 

on the IHuls of a ttGIUiadon by 

Salomea Gealn 

MARXIST EDUCATIONAL PRESS 
Minneapolis 



Manllt Educadonal Pre~~ 
c/o Department of Anthropology 
University of Minnesota 
215 Ford Hall, 224 Church Street S.E. 
Minneapolis, Minnesota 55455 

Revised English-Language Edition 
Copyright© Marxist Educational Press 1980 
All rights reserved 

Original edition published in German under the title 
Philosophische ProbleiM der Physik 

Copyright© VEB Deutscher Verlaa der Wissenschaften 
Berlin, German Democratic Republic, 1978 

Ubrary of Congress CataloaiDI in PubUcation Data 

Main entry und~ titles 

Philosophical problems in physical science. 

(Studies in Marxism; v. 7) 
Includes index. 
1. Science-Philosophy. 2. Dialectical 

materialism. I. Horz, Herbert. II. Marquit, 
Erwin, 1926- III. Series: Studies in 
Marxism (Minneapolis); v. 7. 
Q175.P5ll7 1980 500.2'01 80-13042 
ISBN 0-930656-14-8 
ISBN 0-930656-13-X (pbk.) 

Printed in the United States of America 

CONTENTS 

Editor's Foreword 7 

Authors' Preface 11 

CHAPTER ONE. The Interrelation of Marxist-Leninist 
Philosophy and the Natural Sciences 13 
1. Marxist-Leninist Philosophy as a Foundation of 

a World View, Epistemology, and Methodology 
of the Natural Sciences 13 

2. Philosophical Generalization of Our Knowledge of 
Natural Science 26 
a . Division of labor and cooperation between 

philosophers and natural scientists 32 
b. Assessment of philosophical views among natural 

scientists and philosophical "evaluation" of theories 
of natural science 33 

c. Unity of functions in Marxist-Leninist philosophy 33 

CHAPTER TWO. Materialism and Structure 35 
1. Matter or Substance? 35 
2. Lenin's Concept of Matter and the Structure of Matter 43 
3. What Is Structure? 47 
4. The Universality of Structures 51 
5. StagesofCoanitionofStructure 55 
6. The Material Unity of the World and Unified Theories 57 

CHAPTER THREE. · Materialist Dialectics and Physics 65 
1. Materialist Dialectics and the Development of Physics · 67 
2. Materialist Dialectics and the Subject Matter of Physics 73 
3. Dialectical Determinism 17 

a. Mechanical determinism and Newtonian mechanics 79 
b. Determinism and quantum mechanics 83 

4. The Problem of Interaction 84 
a . Interaction and measurement 86 
b. The classification of interactions 92 



S. Causality and Law 98 
a. Newtonian mechanics and the classical-mechanical 

form of causality 99 
b. Law and causality in dialectical materialism 102 
c. The statistical nature of quantum mechanics and 

the relation between law and causality 106 

CHAPTER FOUR. The Dialectics of the Process of 
Cognition in Physics 11 S 
1. Theory - Method - Methodology 117 
2. Dialectical Relationship of Observation and 

Experiment to Theory- Dialectical Materialism vs. 
Empiricism and Rationalism 120 

3. The Role of Observation, Experiment, and 
Measurement in the Experimental Method of Physics 129 

4. Epistemological and Methodological Problems 
of the Process of Physical Measurement 136 
a. Physical concepts and measure 136 
b. Specific features of the physical measuring 

process in rna<:rophysics and microphysics 138 
S. The Connecting Links among Theory and Experiment, 

Observation, and Measurement 144 
a. Models 146 
b. Hypotheses 149 

6. Mathematical-Theoretical Methods lSI 
7. Progress of Knowledge in Physics 153 

CHAPTER FIVE. Dialectical Materialism and 
Bourgeois Natural Philosophy 157 
1. The Natural Philosophy of Positivism 

and Neopositivism 159 
2. The Natural Philosophy of Neo-Thomism 

and Critical Realism 165 

NOTES 179 

INDEX 187 

7 

EDITOR'S FOREWORD 

This book is the (lfSt broad survey in Enalish of philosophical 
problems in the physical scieJWes written from the viewpoint of 
Mai:xist-Leninist philosophy. It examines in detail questions such 
as the nature of physical concepts, physical properties and quanti
ties, and causality and law. The power of Marxist-Leninist philos
ophy as an analyzing and synthesizing tool is clearly demonstrated, 
for example, in the discussion on causality, in which not only the 
difference between causality in Newtonian mechanics and quantum 
mechanics is discussed, but also the connection between them. 

Even in the socialist countries a book of such broad scope on 
philosophical questions in classical and modem physics is a rarity, 
and we owe its existence to the recognition by scholars and ped
agogues in the German Democratic Republic (GDR) of the impor
tance of philosophy in the training of scientific personnel. As a 
rule, the university programs in the socialist countries offer their 
students, regardless of the field of specialization, a general course 
on Marxism-Leninism, an important component of which is 
Marxist-Leninist philosophy. Much rarer, however, are courses 
on philosophical problems encountered within a given . field of 
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specialization. It was precisely for such a course, intended for stu
dents preparing for teaching careers in the physical sciences, that 
the German edition of this book was written by a team of outstand
ing GDR philosophers of natural science headed by Professor 
Herbert Horz of the Academy of Sciences of the GDR and Profes
sor Hans-Dieter Poltz of the Pedagogical Higher School at Erfurt. 

The original text was written for students who already had aca
demic training in Marxist-Leninist philosophy. The present edi
tion, however, is intended for faculty, graduate students, and re
searchers in the physical sciences and philosophy of natural science. 
Scientific workers with training in classical and quantum physics 
should not find the material in the book excessively difficult. Some 
previous contact with philosophy will be helpful, but not absolutely 
necessary, since brief expository material has been added as foot
notes or incorporated into the text. 

In several places in the original text the treatment of one or an
other philosophical question led to ideological discussions, usually 
connected with the role of physical-science teachers in a socialist 
country. Where it did not seem artificial these discussions have 
been generalized in the present edttion so as to be of interest to 
readers who do not see themselves primarily as teachers. Often, 
however, these passages simply have been dropped, especially if 
they were intended specifically for teachers in the GDR. 

Some brief remarks on the structure of Marxist-Leninist philos
ophy will be helpful to readers not already familiar with it. The 
term Marxism-Leninism is applied to three interconnected areas 
which were characterized by Lenin as philosophy, political econ
omy, and scientific socialism. The latter treats the transition from 
capitalism to socialism as a law-governed process and is contrasted 
with utopian socialism. In the socialist countries the term scientific 
communism is used instead, since the concern in these countries is 
the laws of transition from the lower stage, socialism, to the higher 
stage, communism, of what is generally referred to as the commu
nist socioeconomic formation. 

Marxist-Leninist philosophy, also, can be regarded as consisting 
of three components: dialectical materialism, historical material
ism, and the dialectical-materialist theory of knowledge. Historical 
materialism is concerned principally with the Marxist-Leninist the
ory of development and history of society, including the formation 
of social consciousness. Its relevance to the development of the 
physical sciences is discussed in the book. The theory of knowledge 
is dealt with in great detail throughout the book. 
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The original edition already contained a brief summary_ of the 
principal features of the Marxist-Leninist concept of philosophical 
materialism. This concept becomes increasingly clear as one pro
gresses through the book. On the other hand, .there wa~ no corr~
sponding initial exposition of the fundamental Ideas behmd maten
alist dialectics. For this reason, a brief summary of its principal 
features was added by the editor in the first section of chapter 1, 
along with some additional remarks later in the same section. 
These insertions can be readily recognized, since they are printed in 
smaller type. 

A brief introduction, similarly set off in smaller type, has been 
added by the editor to the second section of chapter 5. This section 
deals with a critique of specific forms of realism often encountered 
by students in West German schools and is therefore of special in
terest to teachers in the GDR. The editor's introduction summa
rizes some general features of philosophical realism and will help 
establish the relevance of the more specialized critique for the read
ers of the English-language edition. 

In general, the editor did not intentionally modify any of the 
ideas of the authors. Revisions were made entirely in the interest of 
clarity, to take into account the range of differences in background 
between readers in the GDR, for whom the original edition was 
written, and those likely to be reading the English-language edition. 

The revisions of the original text for the English-language edition 
and explanatory footnotes were made by the editor with the con
currence of the authors. Ultimate responsibility for differences in 
the two editions, however, rests with the editor of the present 
edition. 

The editor and the Marxist Educational Press express their grati
tude to Professor Manfred Buhr of the Academy of Sciences of the 
GDR for arranging the translation of the book and to the publisher 
of the German edition, the Deutscher Verlag der Wissenschaften, 
for making this edition in English available through the Marxist 
Educational Press. The editor also expresses his gratitude to Dr. 
Ulrich Roseberg for many fruitful discussions on the conceptual 
foundations of physics during a sabbatical year the editor spent in 
the GDR. The translator, Salomea Genin, is especially thanked for 
the high quality of her translation and for her numerous sugges
tions for improving this edition. 

University of Minnesota 
January, /980 

Erwin Marquit 



II 

AUTHORS' PREFACE 

The need for cooperation between Marxist-Leninist philosophers 
and natural scientists, demonstrated so well in the past by Marx, 
Engels, and Lenin, is even more important today. This applies 
both to the solution of problems of world view, epistemology, and 
methodology connected with the sciences, as well as to the further 
development of dialectical materialism and the natural sciences. 
The development of the relationship between Marxist-Leninist phi
losophy and the natural sciences is exceedingly complex and com
plicated. It continually unearths new scientific and methodological 
questions which are highly relevant for a world view, and therefore 
any tendency to oversimplify must be combated. This process of 
development can unfold in a meaningful way only if a broad spec
trum of persons, and not only a limited group of highly skilled spe
cialists, has sufficient knowledge about an individual scientific field 
and philosophy and understands the interconnections between 
them. 

The more general problems of Marxist-Leninist philosophy and 
the natural sciences described in the first part of the book are the 
foundation for those questions of philosophical materialism, ma
terialist dialectics, and the theory of knowledge that are discussed 
in close connection with the problems of physics in the chapters 
that follow. 

A final chapter contains a critique of some currents in bourgeois 
natural philosophy particularly relevant to philosophical problems 
of physics. 

We wish to thank the editor, Professor Erwin Marquit, and the 
Marxist Educational Press for the care they took in preparing the 
English-language edition of this book. 

Berlin and Erjurt 
January, 1980 

Herbert Horz 
Hans-Dieter Poltz 
Heinrich Parthey 
Ulrich Roseberg 

Karl-Friedrich Wessel 
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Chapter One 

THE INTERACTION OF MARXIST -LENINIST 
PHILOSOPHY AND THE NATURAL SCIENCES 

1. Marxist-Leninist Philosophy as a Foundation of a World View, 
Epistemology, and Methodology for the Natural Sciences 

Dialectical and historical materialism is, along with political econ
omy and scientific socialism/communism, one of the three compo
nents of the scientific world outlook of the working class. l When 
investigating the details of the relationship between Marxist-Lenin
ist philosophy and the natural sciences in general, and physics in 
particular, one must not lose sight of the unity of the Marxist
Leninist world view. All three components of Marxism-Leninism 
contribute answers to questions about the origins and structure of 
the world, the source of knowledge, the position of human beings 
in the world, the meaning of life, and the character of social pro
gress; and this contribution is made in conjunction with progress in 
science and the practical experiences of humankind. 

The historical function of the Marxist-Leninist view is to provide 
a theoretical orientation for the practical activity of the working 
class on the basis of the objective laws of development. The crite
rion for its truth is practice, and that is why it is not a faith, but a 
science. And what applies to Marxism-Leninism as a whole also 
applies, of course, to its theoretical foundation: Marxist-Leninist 
philosophy. 
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This philosophy was founded by Karl Marx, Frederick Engels, 
and Vladimir I. Lenin, as the gene~tion of the development of 
science (including the history of philosophy and the natural sci
ences) and of society. According to Marx, the key to understand
ing the development of the natural sciences and, in particular, the 
relationship between philosophy and natural science lies in political 
economy. He writes: 

The natul'tll scknces have developed an enormous activity and 
have accumulated an ever-growing mass of material. Philosophy, 
however, has remained just as alien to them as they remain to 
philosophy. Their momentary unity was only a chimerical illu
sion •. The will was there, but the power was lacking. Historiog
raphy itself pays reprd to natural science only occ:asionally, as a 
factor of enliahtenment, utility, and of some special great discov
eries. But natural science has invaded and transformed human 
life all the more pl'tlctically throuah the medium of industry; and 
has prepared human emancipation, althouJ]l its immediate effect 
had to be the furtheriDJ of the dehumanisation of man. Industry 
is the actual, historical relationship of nature, and therefore of 
natural science, to man. If, therefore, indwtry is conceived as 
the exoteric revelation of man's essential po'Wrs, we also pin an 
understandiDJ of the human essence of nature or the natul'tll es
sence of man. In consequence, natural science will lose its ab
stractly material- or rather, its idealistic- tendency, and will 
become the basis of human science, as it has already become -
albeit in an estranged form - the basis of actual human life, and 
to assume one basis for life and a different basis for scknce is as a 
matter of course a lle.2 

Marx did not stop at describing the social significance of the 
natural sciences. He used the philosophical generalization of the 
results of the natural sciences for his general scientific work. This 
is .e~pressed. in a l~tter to Lassalle dated January 16, 1861: "Dar
wm s book 1s very Important and it suits me well that it supports the 
class struggle in history from the point of view of natural sci
ence. . . . Despite all deficiencies, it not only deals the death blow 
to 'teleology' in the natural sciences for the first time but also sets 
forth the rational meaning in an empirical way."3 
. In the foreword to the second edition of Anti-Diihring, published 
m 1885, Engels writes: "But a knowledge of mathematics and nat
ural science is essential to a conception of nature which is dialec-
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tical and at the same time materialist. "4 In many of his works he 
demonstrated just how philosophy and natural science are inter
connected.· Writing about the necessity and purpose of such work, 
he comments: "It goes without saying that my recapitulation of 
mathematics and the natural sciences was undertaken in order to 
convince myself also in detail - of what in general I was not in 
doubt - that in nature, amid the welter of innumerable changes, 
the same dialectical laws of motion force their way through as those 
which in history govern the apparent fortuitousness of events; the 
same laws which similarly form the thread running through the 
history of the development of human thought and gradually rise to 
consciousness in thinking man.t•S Engels had no previous work on 
this subject to rely on and set himself the task of proving that dia
lectical laws, the dialectics of nature, are to be found in every sci
ence. "But to do this systematically and in each separate depart
ment, is a gigantic task, "6 wrote Engels. In his article, "On ·the 
Significance of Militant Materialism," Lenin explained the neces
sity of an alliance between philosophers and natural scientists, and 
he set tasks which are still topical: "Greater attention should be 
paid to it. It should be remembered that the sharp upheaval which 
modem natural science is undergoing very often gives rise to reac
tionary philosophical schools and minor schools, trends and minor 
trends. Unless, therefore, the problems raised by the recent revolu
tion in natural science are followed, and unless natural scientists 
are enlisted in the work of a philosophical journal, militant mate
rialism can be neither militant nor materialism. ,7 

Cooperation between Marxist-Leninist philosophers and natural 
scientists in the spirit of Marx, Engels, and Lenin means making 
Marxist-Leninist philosophy the foundation for the epistemological 
and methodological approach to research in the natural sciences. 
This cooperation also contributes to the further development of 
Marxism-Leninism through philosophical analysis and generaliza
tion of the results obtained in the individual scientific fields. 

The test of Marxist-Leninist philosophy is social practice and its 
contributions to the development of all sciences. Together with the 
other parts of Marxism-Leninism, this philosophy fulfills three 
closely interlinked functions in regard to the natural sciences. As a 
world view it- provides a unified philosophical orientation. for re-

·. search in the natural sciences, rejecting unscientific philosophical 
speculation as well as positivist claims that questions of world view 
are scientifically unanswerable and meaningless questions. Marx- : 
ist-Leninist philosophy can fulfill this function only if it is able to 
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generalize philosophically new knowledge in the natural sciences in 
such a way that the scientific world view itself becomes more pro
found, and its superiority over idealist and mechanical-materialist 
approaches to natural science is demonstrated with ever-greater 
clarity. 

This function of Marxist-Leninist philosophy is closely linked 
with its heuristic function. In the development of the natural sci
ences, Marxist-Leninist philosophy is heuristically effective if it 
succeeds in utilizing the philosophical knowledge of the natural sci
entist and the cooperation between natural scientists and philoso
phers for the acquisition of new knowledge. The encouragement 
given in the socialist countries for cooperation among philosophers 
and natural scientists has its origins in the attention paid to the 
question by Lenin, who stressed its theoretical and practical impor
tance. Through its specific possibilities for criticism of concepts, 
formation of hypotheses, and generalization, philosophy is able to 
play an imponant role in the acquisition of scientific knowledge. 
By fulfilling its heuristic function, Marxist-Leninist philosophy 
provides an epistemological and methodological foundation for 
natural science. Since it also does the same for the development of 
the social sciences and the technologically oriented sciences, it 
deepens our understanding of the unity of the sciences without ig
noring the specific features of the individual fields of scientific 
work. 

Dialectical and historical materialism, together with the other 
two components of Marxism-Leninism (political economy and sci
entific socialism/ communism), forms the theoretical basis for pol
icies followed in socialist societies and serves as a scientifically 
based guide to practical action. In this sense, the philosophy also 
has an ideological function affecting the development of the nat
ural sciences. In providing the basis for scientific cognition of ob
jective reality it forms motives and attitudes and promotes social 
action in the interest of progress, making it possible for individuals 
to integrate their personal experiences in society within a scientific 
world view. It enables the individual natural scientist to answer the 
ethical and moral questions faced by natural scientists in connec
tion with the development of their scienee and its application in 
society. 

The effectiveness of Marxist-Leninist philosophy, of Marxism
Leninism in its totality, depends on how the three functions are 
brought together and integrated. This effectiveness is reduced if 
any of these functions is isolated from the others, let alone if it is 
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ignored altogether. The philosophical process of generalization is 
of focal importance for fulfillment of the functions of Marxist
Leninist philosophy in connection with the natural sciences. Before 
we can examine this process of generalization more closely, we will 
detail briefly some important aspects of this philosophy. 

Marxist-Leninist philosophy approaches the problem of the or
igin and structure of the world as a whole and the source of 
knowledge about it in a consistently materialist way. Its basic posi
tion is that matter is primary to the mind, is neither creatable nor 
destructible. Everything which exists outside and independently of 
the mind, and can be reflected by it, is matter. The unity of the 
world lies in the unity of matter, and the objective interconnections 
among nature, society, and human thought are nowhere inter
rupted. The sciences investigate the law-governed connections of 
selected fields of objective reality and reflect the dialectics of. objec
tive structures in their real connections, in their motion and devel
opment. The source of our knowledge is the objectively existing 
connections which are outside and independent of our minds. Mat
ter and consciousness cannot be metaphysically torn apart. Con
sciousness can never be defmed as the logical negation of matter or 
vice versa. Therefore a consistent materialism can only be dialec
tical. Consistent philosophical materialism means not only the rec
ognition of the primacy of matter over mind, but also recognition 
of the material unity of the world and the existence of objective 
laws in nature and society. 

Materialist dialectics is the "science of universal interconnection,"8 the 
science "of the general laws of motion and development of nature, human 
society, and thought. "9 In taking into account the objective interconnec
tedness of all phenomena and processes, dialectics distinguishes three prin
cipal laws of the most universal kind: the law of transformation of quanti
tative changes into qualitative changes and vice versa, the law of the unity 
and struggle (or interpenetration) of opposites, and the law of the negation 
of the nega~ion. 

The dialectical conception of development lies in understanding develop
ment not as simple quantitative change, but as a process in which quanti
tative changes lead to qualitative changes, the latter opening up the path to 

· funher quantitative changes, hence the name law of transformation of 
(IJUlntitative changes into qualitative changes and vice versa. In any trans
fOrmation process the old qualities vanish and new qualities appear. But 
the destruction of the old qualities is not all-embracing. Some are carried 
over into the new state, but occur now under different conditions. For ex
ample, in the decay of a neutron into a proton, electron, and neutrino we 
are still left with a nucleon, and the system of decay products still has no 
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net electric charge. In other words, the process of qualitative change in
volves destruction with an aspect of preservation, a concept that is em
braced by the terms sublation or dialectiCIJI negation. • The concrete form 
of qualitative change depends on the specific conditions in which the 
change talces place. Changes may be gradual or relatively sudden and 
therefore embrace a unity of continuity and discontinuity. In spite of all 
gradualness, the transformation to a new state must be considered a leap, a 
break with the old state - it is the interconnections among the new 
qualities that are decisive for the subsequent course of development. 

The law of the unity and struggle of opposites (which can also be ex
pressed nonanthropomorphically as th~ law of the unity and interpenetra
tion of opposites) is the basis for all change. Metaphysical thought viewed 
pairs of opposites such as chance and necessity, universal and individual, 
content and form, essence and phenomena (or appearance), and continuity 
and discontinuity as mutually exclusive philosophical categories, each 
member of the pair standing in isolation from the other and never occurring 
simultaneously. Dialectics sees them in their unity and reciprocal interpen
etration. Consider, for example, the categories of the universal (or 
general) and the individual. The term book is a universal and is to be dis
tinguished from the individual book at which the reader is now looking. 
Book does not represent one single particular object, but a group of ob
jects, existing and potentially existing, having certain similarities. Never
theless, the universal does not exist only in thought, since universals are a 
source of interconnections among things. An individual book differs from 
other individual books and that is why they are individuals; but at the same 
time, individual books resemble one another in some aspect, they possess 
certain properties in common. That is what makes book a universal. Dif
ferences and unity are inherent in objects and processes and express their 
relationship to themselves and to other things and processes. The dialec
tical unity of the individual and the universal is the basis for theoretical 
generalization and for the practical utilization of the results of such gener
alization. 

In the view of materialist dialectics, all structures, and the processes that 
embrace them, arise out of the unity and interpenetration of dialectical op
posites (also called dialectical contradictions when the aspect of interpen-

•The tenn negation was already used in a dialectical context by Spinoza: "All deter
mination is negation." In logic determination is the rendering of a notion more 
definite by the addition of attributes. But logical determinations are inseparably 
connected with objectively real processses in nature, society, and thought, pro· 
cesses leading to new characteristics not present previously. This inseparable con· 
nection is recognized in materialist dialectics by the concept of the unity of the 
logical and the historical. Hence dialectical negation is an objectively real process, 
or the result in thought of such a process, in nature, society, and thought, and is to 
be distinguished from negation in formal logic, which represents a though't process 
in which the truth value of a statement is changed into the opposite truth value. 
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etration is to be stressed). The unity of opposites forms the basis of the rel
ative stability of phenomena. The opposition is relative, since one thing is 
an opposite only in relation to something else. When two opposites consti
tute a unity, their interaction or interpenetration produces a change in this 
unity, that is, the objective reality itself undergoes change. In this sense, 
the "struggle" is absolute.lO The struggle of opposites unfolds within a 
given unity until the incompatibility of the opposing sides, .aspects, and 
tendencies leads to a qualitative change. In the resolution of the "strug
gle" on one level, a new level of "struggle" emerges on a different basis, 
under new conditions, and with a different content. The operation of the 
law of unity and struggle of opposites has been demonstrated in all variety 
of processes and phenomena in the worlds of nature, society, and thought. 

The opposites embraced by the law are not limited to structural aspects 
of a unity, but also embrace the processes that go on within it, expressed 
through tendencies for the system to develop in one or another direction, 
ultimately leading to new structural forms. 

Conservation laws are one illustration of the operation of the law of the 
unity and struggle of opposites in physics. Conservation laws establish 
quantitative conditions for qualitative transformations (though, by them
selves, they are not sufficient to establish which changes actually occur). 
Such laws thus provide for quantitative continuity in the presence of qual
itative discontinuity. Apart from this dialectical unity of continuity and 
discontinuity, the unity of quantity and quality reflected in the laws is itself 
a dialectical unity of opposites. The quality of a thing is what makes it dif
ferent from other things. Quantity, however, can reappear in things of 
most widely differing quality. In a sense, quantity is a destroyer of quality, 
that is, it is quality negated, or, as Hegel stated it, quantity is sublated 
quality.ll 

Owing to its decisive role both in t.he structural characteristics of a sys-
• tern and in the processes that embrace it, the law of the unity and struggle 

of opposites can be considered to be the most important of the dialectical 
laws. 

The third law, the law of the negation of the negation, contains the 
source of the concept of progress and irreversibility. Development repre
sents a never-ceasing process of dialectical negation, in which certain old 
qualities vanish while others reappear in new circumstances and surround
ings to give qualitatively new states, in a process that is often described as 
spiral development. The fact that the emergence of the new is conditioned 
on the existence of the old, but not in a mechanically repetitive way, means 
that, despite t~ zigzags of history, there is a "general law-governed ten
dency for development from the simple to the complex, from the lower to 
the higher, the tendency of progressive ascending motion."l2 

The term objective dialectics is applied to the dialectics of the objective 
reality. It is objective in that this reality and its dialectical character are 
independent of our knowledge or thinking about it. Subjective dialectics is 
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the dialectics of thought about the material world and about thought itself. 
Subjective dialectics embraces the dialectical-materialistic theory of knowl
edge, including dialectical logic. "Dialectics is not only a theory (of objec
tive and subjective dialectics), but also a method. It is the method of the 
systematic and conscious application of laws and principles of dialectics 
for the practical and theoretical appropriation of the material world ... 13 

All research in the natural sciences is necessarily tied to a consistent 
philosophical materialism, at least in regard to phenomena in a 
given field. This certainly does·not mean that the natural scientists 
must consciously accept dialectical materialism. They can carry on 
their research even if they hold idealist views outside their field of 
specialization. In class-divided societies the social context within 
which science develops often leads to attempts to transfer unjusti
fiably to a given field of science the philosophical positions ac
quired outside the field. In all cases where natural scientists explic
itly take idealist positions, it can be fairly easily shown that there is 
a contradiction between the implicit philosophical assumptions of 
their work and their views about these assumptions. 

Heisenberg, for example, repeatedly speaks of modern atomic 
physics being the definite proof of Plato's victory over Democ
ritus. l4 He notes that in quantum mechanics a mechanistic-ma
terialist representation of the atom is very much out of place and 
that mathematics has come to play a fundamental role in the devel
opment of quantum mechanics. If, for this reason, he prefers 
idealism to materialism as a philosophical theory, this no longer 
has anything to do with his physical theories, but simply expresses a 
world view which he acquired during the course of his bourgeois
humanist education and which he deepened and consolidated in his 
further life, but which is quite independent of physics. When 
working on quantum mechanics he assumed that the objects whose 
laws he investigated as a physicist existed outside and indepen
dently of consciousness and that their general, necessary and essen
tial properties and relations could be reflected in our consciousness. 
Had he assumed the opposite and had he been consistent about it, 
he would not have been able to develop a physical theory for which 
the criterion of truth is experiment and observation. Today it is 
often claimed that his attempt to find a unified elementary particle 
theory is due to his idealist convictions. This would be true only if 
he had relied upon the mathematical program for this theory to tht. 
point that he considered experiment and observation superfluous to 
high-energy physics. Of course, progress in physical knowledge 
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can be made also by means of mathematical programs, as the devel
opment of matrix and wave mechanics has shown. However. they 
become a physical theory only when they can explain and predict 
experimental data. 

The example of Heisenberg's philosophical views shows that 
spontaneous materialism can arise out of research in the natural 
sciences. The epistemological roots of idealism, however, can also 
be found in this research . These roots can grow into a philosoph
ical system if the appropriate socioeconomic conditions for this 
exist. It is in this sense that one sbould understand our statement 
that all research in the natural sciences is tied to a consistent phil
osophical materialism in a given field. New physical knowledge, 
such as quantum mechanics, is possible only on the basis of a con
sistent materialism, even if the scientists involved explicitly hold 
different views. Abandoning this materialism would mean no 
longer accepting experiment and observation as criteria for truth, 
which would make it impossible to construct and uphold a physical 
theory. . 

What about objective idealism in the form of religion? Does not 
religious belief on the part of a natural scientist contradict our 
statement about materialism being the philosophical requisite for 
physical research? 

Natural scientists who believe in the possibility of arbitrary inter
ference in nature by a supernatural being will, of course, not be 
working scientifically whenever this possibility is allowed to influ
ence the result of their work. In other words, religion is never a 
philosophical assumption for research in natural science. How
ever, if the natural scientist assumes that the world was created by a 
supernatural being, who, at the same time, established the laws 
which embrace it, then scientific research is again possible. For re
search in the natural sciences, it is not religious belief which under
lies the philosophical foundations for a scientific approach, but the 
conviction that the world is governed by laws, at least in the fields 
under investigation. That the world and the laws governing it are 
the result of an act of creation is a hypothesis that goes beyond sci
entific research, one that cannot be confirmed by research. Hence 
it might just as well be abandoned. This takes us back to a materi
alist position. 

Our goal }).ere has not been to "refute" religion with science. 
What we have argued is that the validity of a religious belief can
not be established by science, nor can such a belief be a requir~ 
ment for science. The philosophical basis for physical research is 
materialism. 



22 1. Interaction of Philosophy and Natural Science 

The development of the natural sciences has continually deep
ened our knowledge about objective dialectics, especially after 
Engels' Dialectics of Nature. Engels and Lenin showed that the 
spontaneous materialism of the natural scientists is often not 
enough to resist the force of idealism. Especially in times of scien
tific revolutions, such as at the turn of the century and in the mid
twenties, there is a great danger that the lack of knowledge among 
physicists about materialist dialectics - both the objective dialec
tics of nature as well as the dialectics of the process of cognition -
may lead to the abandonment of materialist positions in favor of 
idealism. A conflict then arises,between philosophical materialism, 
on which scientific research must be based, and the researcher's un
derstanding of these foundations. Conclusions of an idealist na
ture drawn from developments in science are, as a rule, used by 
philosophers as supporting evidence for philosophical systems that 
fulfill a certain function in bourgeois ideology, but which usually 
have no relation whatever to the development of science. 

The basic principles of historical materialism make it possible to 
incorporate the overall development of science, including natural 
science, within the larger context of social development. 

Because the basic principles of dialectical and historical material
ism and of materialist dialectics objectively belong to the philo
sophical foundations of the natural sciences and afford a scientific 
explanation for the development of natural science, we speak of 
Marxist-Leninist philosophy as the foundation for a world view, 
epistemology, and methodology for the natural sciences. Needless 
to say, we do not claim that the majority of natural scientists ad
here to dialectical and historical materialism. This would neither 
be historically justified nor agree with present-day facts. To be an 
adherent of Marxist-Leninist philosophy involves much more than 
the acceptance of some of its basic principles as a philosophical 
requisite for scientific research. But even such an acceptance is not 
characteristic of natural scientists in the capitalist countries today, 
although the number taking an interest in dialectical materialism is 
growing constantly. To be considered an adherent of dialectical 
and historical materialism, a natural scientist must make a pro
found analysis of the philosophical requisites and consequences of 
scientific research and study this philosophy, above all, as a gener
alization of all the sciences and of all experience of social develop
ment, including, in particular, the revolutionary traditions of the 
working class. A materialist approach to nature and an idealist ap
proach to society cannot both arise from the same philosophical 
foundation. Physics alone will never lead to Marxist-Leninist 
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philosophy, just as philosophy alone does not generate physics. 
The statement that Marxist-Leninist philosophy does not gener

ate physics does not mean that this philosophy does not have im
portant consequences for physics. At first glance, this may not be 
directly evident from the methods used for research in physics. In
deed, in other fields, especially in the social sciences, the connec
tion between Marxist-Leninist philosophy and the results of scien
tific activity is more readily apparent. 

The following explanation can be offered: 
A basic function of science is to understand the world in order to pro

duce changes in it, both in the relationship of people to nature and to one 
another. In class-divided societies the dominant ideas of any epoch are 
those of the ruling class, since the class that has the means of material 
production at its disposal has control at the same time over the means of 
mental production.l5 The principal concern of ruling classes is the preser
vation of the relations of subordination and domination which character
ize exploitative modes of production. Hence it is not in the interest of rul
ing classes to create a science of social development and social change. 
Even during periods of social upheaval in which the revolutionary class is 
another exploiting class (for example, during the transition from feudalism 
to capitalism), the maintenance of the new relations of subordination and 
domination (of capital over labor) is viewed as a relationship that is ideal 
and not destined to change. The philosophical principle of divine law was 
used to justify feudal relations of production; in capitalist (or bourgeois) 
society the concept of natura/law became the characteristic philosophical 
principle. It was implicitly assumed that the laws themselves were not sub
ject to change. A scientific understanding of the laws of social develop
ment is, however, an absolute necessity for the transition from capitalism 
to socialism, where the working class, as the principal revolutionary class, 
has no material means at its disposal other than its ability to organize itself 
into a cohesive mass movement on the basis of the theoretical understand
ing that its historic role is to take control of the means of production and 
transform it into socially owned property. 

Marx, Engels, and Lenin, as leaders of this revolutionary class (although 
they themselves did not come from this class), took on the task of creating 
a science of society where no such science had existed previously. The need 
to develop a science of society with a focus on social change required the 
elaboration of dialectical materialism as the philosophical basis for the 
process of change. 

The natural sciences, however, have a much longer history as sciences. 
They were well established as sciences long before the systematization of 
dialectical and historical materialism as an integrated philosophical sys
tem. The impressive successes of Newtonian theory in the spheres of 

\, 
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celestial and applied mechanics were of great importance for the develop
ment of the technologies of production and transportation and led to the 
rapid development and consolidation of the scientific methodology on 
which classical mechanics was based. Despite the fact that this methodol
ogy concerned itself principally with change of place produced by external 
forces and not the internal development of bodies or systems of bodies that 
were undergoing mechanical motion, it was valid for the study of a broad 
range of motions of material bodies. What was not valid, as we shall see in 
chapter 3, was the philosophical generalization that led to a one-sided 
stress on the unchanging characteristics of all of nature. It was on this level 
that the influence of the dominant ruling-class ideologies about unchang
ing social relations was carried over into the philosophies of science. 

With the continued development of natural science, inconsistencies be
tween the metaphysical world view (i.e., views based on unchanging es
sence) and the actual behavior of the physical world became evident. Tech
niques for accommodating these inconsistencies were also developed. For 
example, the reductionist approaches that characterize mechanical mate
rialism are useful for studying certain types of relationships among dif
ferent levels of organization and integration of matter. On the other hand, 
a complete reduction is not, in principle, possible, so the physical sciences 
are broken up into a number of subfields, each concentrating on a 
different level or range of levels: particle mechanics, continuum mechan
ics, thermodynamics, electricity and magnetism, nuclear physics, atomic 
physics, physical chemistry, etc., to each of which reductionist techniques 
are then applied. Within the individual subfields reductionist techniques 
again prove to be incapable of dealing with wide ranges of problems, and it 
often becomes necessary to introduce a number of contradictory models 
such as the collective-oscillation model and independent-particle model of 
the nucleus. The dialectical character of the relationship among these 
levels and models is implicit in such approaches, even if it is not explicitly 
recognized as a philosophical principle. Although pre-Marxist philos
ophies of science were largely mechanistic when formulated explicitly as 
philosophies, they were, in fact, eclectic, and scientific practice actually 
contained many elements that reflected dialectical-materialist principles. 
This is why scientific progress was possible in the absence of a consciously 
applied dialectical-materialist methodology of science. The successes 
achieved under these conditions of philosophical eclecticism also make it 
difficult for many natural scientists to see the principles of Marxist-Lenin
ist philosophy as the explanation for the success of scientific methods that 
have been applied in practice. (See also the discussion in subsection 2b of 
this chapter.) 

Analysis of the history of the relationship between philosophy 
and the natural sciences has shown that any attempt to seek specific 
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results of the application of a philosophy to the development of a 
science solely on the basis of the fundamental principles of that 
philosophy will not be fruitful. This applies both ·to speculative 
natural philosophy as well as to other attempts to judge the truth of 
theories or of particular findings in the natural sciences by means 
of philosophical principles. Conversely, it is also clear from the 
historical material that it is not possible to draw direct conclusions 
about fundamental principles of philosophy from the findings of 
the individual sciences. This often leads to philosophical short
circuiting. 

Today the basic principles of Marxist-Leninist philosophy are 
available to us. But in order to be able to work with them, we must 
know how they arose. They are not arbitrary constructions of bril
liant philosophers, nor did they enter scientific consciousness 
through some form of revelation. What they are is the philosoph
ical process of generalization from the practical experfences of 
humanity during thousands of years of class struggles, and, in par
ticular, from the traditions of the revolutionary working class. But 
they are also the result of philosophical generalization of research 
in the individual fields of science on the background of the entire 
history of philosophy. We are interested in seeing how this process 
of generalization works for the natural sciences. In other words, 
what exactly is philosophical generalization of the results of natural 
science? Has the process of philosophical generalization been es
sentially completed by Marx, Engels, and Lenin, and do all our ef
forts in philosophical research merely lead us again and again to the 
confirmation of the basic principles already known to us? What is 
the object of present-day philosophical research on the new 
materials of the natural sciences? Can one use results from the 
analysis of the philosophical process of cognition for discussions 
on the heuristic function of Marxist-Leninist philosophy in the 
natural sciences? 

Here, a number of questions arise which require us to begin with 
a discussion of the philosophical process of generalization. 
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2. Philosophical Generalization of 
Our Knowledge of Natural Science 

We have already emphasized that the generalization of knowledge 
from the nat~ral sci~":ces ~as necessary for the further develop
ment of Marxtst-Lenmtst philosophy. Philosophical generalization 
does not ~ean finding something general, something that all sci
ences ha~e m comm~n. 0 It means examining such knowledge to see 
whethe~ It can contnbute to answering questions connected with a 
world vtew. Marx, Engels, and Lenin arrived at and verified fun
dame~ltal ph~los~~hical principles in this way. However, the value 
of a smgle sc~entt.ftc r~sult or of a whole science cannot be measured 
~y the contnbutton It makes to consolidating philosophical posi
tions. New funda~ental kn?wledge and a new emerging science 
are _usually ~ttractive matenal for philosophical generalization. 
~heu pote~ttal for deepening philosophical understanding is par
ticu.larly htgh. Therefore, it is not surprising that the results of 
baste !esearc? are of l?arti~ular interest for philosophers working 
o~ philosophical ~uesttons m the sciences. Furthermore, not every 
sctence can contnbute to the same degree to our understanding of 
the most fundamental questions of philosophy. 

The_ knowledge.gained from physical research can lead to phil
osophical conclusions about the origin and structure of the world 
as a whole and contribute to our understanding of the source of 
knowledge itself. Relativity theory, quantum mechanics unified 
"elementary" particle theory, and cosmological models a;e exam
ples o~ areas of research where discussions have assumed a phil
osophical character. 
H~wever, attempts were also made to draw conclusions from 

physics (e.g., from a mechanical-materialist position) about the 
place of human ~eings in the world and about the nature of social 
progress. Certamly such attempts will be repeated. We know, 
?owever, that we ca~not find the ans~ers to such questions in phys
I~s. The laws of soctal development mvolve a higher form of mo
tion of_ma!ter a~d cannot be explained in terms of the lower forms 
~f motion mvesttgated by physics. In physics one cannot even sen
stbly formulate questions about the meaning of life. But this does 
no! make them senseless questions. Too little attention has been 
patd up to now !o the implications of the epistemological analyses 
m modern physics for one aspect of the place of human beings in 
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the world, namely, their role in the process of cognition as deter
mined by the subject-object dialectic.* 

The basic principles of philosophical cognition ,discover~d 
through philosophical generalization by Marx, Engels, and Lemn 
are impressively borne out by practical human experience and 
should be considered to be part of our scientific knowledge. 

The fundamental philosophical principles are the starting point 
for the philosophical analysis of natural science, and they must 
continually be tested. Therefore, the first step in the philosophical 
analysis of new findings in natural science is to t~st the ~ew kn?w~
edge for compatibility with the fun~amental phtlo.sop?t~al pnnct
ples. In the confrontation of world vtews, such testmg IS Important 
in order to refute vulgarized, one-sided or distorted portrayals of 
dialectical materialism. Consider, for example, the discussions 
connected with the theory of relativity, where the relativity of space 
and time in regard to individual motion, i.e., the rejection of the 
concept of absolute space and absolute time, was used as an argu
ment against materialism. Unfortunately, a number of Marxists at 
that time also rejected the theory of relativity because they did not 
objectively analyze the false philosophical arguments.16 The thesis 
that space and time are forms of existence of mattert demands a 
detailed investigation of the dependence of the objective space-time 
structure on the motion of material objects and expresses the ma
terialist viewpoint that our space-time theories reflect objective re-

. lations between space and time. Proof that the theories coincide 
with the objective relations is a prerequisite for the further phil
osophical analysis of space-time relations, from which we form our 
views about the relationship of matter, motion, space, and time. 
These views then constitute the basis for the recognition of space as 
an objectively existing structure. One also needs to investigate such 
questions as the relationship between continuity and discontinuity 
and the irreversibility of time. But this takes us beyond the basic 
principles of philosophy. 

Because of their generality, the basic principles can provide only 
a framework for practical activity. They cannot provide clear 

*The subject-object dialectic refers to the process by which the human mind (the 
subject) forms its image of objective reality (the object) existing outside the 
mind. 

t"The basic forms of all being are space and time, and being out of time is just as 
gross an absurdity as being out of space." (Engels, Anti-Diihring, p. 64) This 
question is taken up in chapter 2, section 3, in connection with Lenin's develop
ment of Engels' ideas in Materialism and Empirio-criticism .17 
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g~ides to action eit.her. in one's daily life or in the development of 
sc1ence. But our a1m IS to develop our scientific world outlook in 
such a way that we can draw practical conclusions from it. We can 
do this only on the basis of our present scientific knowledge and 
current store of human practical· experiences. Strictly speaking, 
howev.er, eve~y new development takes place with a certain delay, 
for phllosophical research also needs time, and during this time the 
other sciences do not stand still. 

The aim of the philosophical generalization of the results of cur
rent research in the natural sciences is to formulate the basic prin
ciples of philosophy in such a \\!aY that our world outlook is further 
deepened and that this outlook leads to concrete human actions in 
all fields. 

To be fruitful for natural science, every general philosophical 
statement must be reformulated for the field in which it is -to be 
used. Let us take a look at the relationship, for example, between 
law and chance as applied to physics. By the term law we under
stand a general, necessary (i.e., reproducible and essential) connec
tion, that is, a connection determining the character of the pheno
me~a. This definition can be reformulated for classical physics by 
stattng that a law is a possible relation which is necessarily realized 
in the physical process under the conditions for which the law is 
valid. A chance occurrence is then the concrete form in which this 
necessity manifests itself in phenomena- in the tendency toward a 
given behavior as expressed in fluctuations about the law. This 
view of a law, as formulated for classical physics, is no longer suffi
cient for quantum mechanics. New material from the natural sci
ences demands further refinement of this philosophical concept. 
The quantum theory would justify the following expression of the 
concept of law: a law is a general, necessary, and essential connec
tion (basic principle), whereby the possible behavior of the system 
is necessarily realized (dynamic aspect), but where a number of 
possibilities exist for the behavior of the elements of the system, 
and these possibilities are realized at random (stochastic aspect); 
however, every chance realization of a possibility by an element oc
curs with a certain probability (probabilistic aspect). • As long as 
this concept of law is fruitful for physics, but not yet tested in the 
other sciences, it has a heuristic function in the latter. One can for
mulate the philosophical hypothesis that this concept of law, ac
quired from the philosophical generalization of quantum mechan
ics, is also meaningful for other sciences. Only when this hypothe-

•This concept of a statistical law is discussed in detail in chapter 3. 
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sis has been tested for the other sciences and shown to be valid for 
them can it be raised to the rank of a philosophical co~cept .. 

This takes us to a further link between general plltlosoph1cal 
knowledge, the basic principles, and the correspondin~ knowled~e 
of natural science namely, the philosophical hypotheSIS. Tne phil
osophical hypoth~sis can be formulated. on ~he ba~is .o~ a phi!
osophical analysis of the knowledge acqurred m the mdiVldual sci
ences. It represents a well-founded presump~ion of ~he validity ~f 
connection of one science to another. The ph1losoph1cal hypothesis 
is a step toward the extension of our philosophical knowledge. The 
philosophical generalization of knowledge. ~cquired in the nat~ral 
sciences and the establishing of the connecuon between world v1ew 
and the process of cognition in the natt~ral sci~nces is ~ffected 
through the philosophical hypotheses .. Wh1le the a1m of phllo~oph
ical generalization of o~r knowledge 10 the natural s~1enc~s. IS the 
extension of philosophical knowledge, the connection IS not ~ 
direct one but involves the basic philosophical principles associ
ated with ~ world view. There are also a number of links between 
the established findings and hypotheses of natural science on the 
one hand and the basic philosophical principles on the other. The 
basic philosophical principles are not d~re~ly confront~d by discov
eries in natural science, nor can theones m natural sc1ence be de
rived from the basic philosophical principles. Of all existing phil
osophical links between the basic principles of Marxist-Leninist 
philosophy and natural science, the philo~ophic.al state.ments and 
the philosophical hypotheses have been mvest1gated 10 greate~t 
detail. The possibility of other links cannot be excluded, but thts 
requires further philosophical investigation. . . 

We have now described three different degrees of generahzauon 
of philosophical knowledge. The basic philosopl}ical principles 
formulated by Marx, Engels, and Lenin represent the greatest 
degree of generalization and have the largest overall truth conte~t. 
The totality of human practice has confirmed that they prov1de 
satisfactory answers to the major questions. of world ~~tlook. 
These basic principles are formulated to deal w1th the spec1f1c tasks 
connected with the state of knowledge at a given time. This is what 
Lenin means when he writes: " Hence, a revision of the 'form' of 
Engels' materialism, a revision of his natural-philosophic~l propo
sitions is nor.only not 'revisionism,' in the accepted meanmg of the 
term, but, on the contrary, is an essential requirem~nt o~ Marx~ 
ism." 18 Engels had stated that with each epoch-makmg d1scove:y 
in the natural sciences, materialism would have to change Its 
form.l9 This has occasionally been misunderstood to mean that 



30 1. Interaction of Philosophy and Natural Science 

the philosophical basis for classical physics is mechanical material
ism, while modem physics needs dialectical materialism. We are 
convinced that dialectical materialism is the philosophical basis for 
the whole of physics, including classical physics.20 

Philosophical hypotheses are philosophical fmdings of the lowest 
degree of generalization and truth. They are closest to the natural
science hypotheses, and it is often difficult to separate them pre
cisely. Unlike natural-science hypotheses, they are not compelling 
consequences of a scientific discovery and therefore always exist as 
a field of possible hypotheses. If they are recognized as unfounded, 
this does not deny the validity of the scientific world outlook, be
cause the latter demands that we see phenomena in their own real 
connections and not in some nonexistent fantastic connection. 

It is neither surprising nor disturbing that philosophical hypoth
eses are often difficult to distinguish from natural-science hypoth
eses. In areas in which the hypotheses of philosophy and of nat
ural science come into closest contact, the aim cannot be to find an 
exact dividing line between philosophy and natural science. The 
emphasis must be on a better understanding of the actual connec
tion. 

The formulation of philosophical hypotheses that can help devel
op science demands not only a creative imagination, but, above all, 
a well-founded knowledge both of the particular scientific field and 
of philosophy (including its history). This task certainly cannot be 
the aim of all work done on philosophical problems connected with 
the development of science. However, if the necessity of establish
ing philosophical principles for the formulation of philosophical 
hypotheses for a given level of scientific development is denied, 
then philosophy is in danger of continually lagging behind the rap
idly developing sciences. It would then certainly not be justified 
to consider Marxist-Leninist philosophy as an epistemological, 
methodological, and general philosophical foundation for the de
velopment of science. 

The need to think more about epistemological and methodolog
ical questions within the framework of the heuristic function must 
not, however, lead us to neglect the function of philosophy to pro
vide a world view, because such neglect would put us in a positivist 
position. In the epistemological process in the natural sciences, 
Marxist-Leninist philosophy must fulflll its role as a world view 
and serve as an ideological guide to provide a direction for scien
tific development in the interests of society. Only on this basis can 
the heuristic function of philosophy in the epistemological process 
in the natural sciences be developed. 
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Heuristic function of Marxist-Leninist philosophy 

Philosophical generalization 
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Since this complicated connection between the basic philosoph
ical principles and the natural sciences is analogous to the connec
tion between philosophical principles and the social sciences, and 
since it also applies to generali~d social and individual experience, 
a similarly complicated picture results for the ideological function 
of Marxist-Leninist philosophy in the totality of social practice. 
Here we have links that need further research. 

The functions of philosophy and the links between the scientific 
world view of the working class and social practice are represented 
in the diagram. The diagram makes clear the connections between 
the natural sciences and Mar:xist-Leninist philosophy. The neces
sary separation of interconnected phenomena within the diagram 
must not be absolutized. In the investigation of concrete questions, 
to which we will now turn on the basis of the conception described 
above, we must always keep in mind the necessary unity of ideol
ogy, heuristic function, and world view, in which the world view 
plays the dominating role. This diagram displays a number of im
portant features of our conception. 

a. Division of /Qbor and cooperation between 
ph/losopMrs and natural scientists 

For their scientific work, as well as for their activities as members 
of a society, natural scientists need a scientific world view. The 
range of scientific work extends from well-established scientific 
knowledge to philosophical hypotheses. The exploration of phil
osophical problems in the natural sciences requires specialists with 
a well-rounded knowledge of philosophy and natural science. The 
scope of their scientific work extends from the basic principles of 
philosophy through the philosophical hypotheses which can be 
transformed into natural-science hypotheses. The overlappina 
fields can be extended on both sides, but then the philosopher no 
longer works as a philosopher and the natural scientist no longer as 
a natural scientist. This means that for research in natural science 
philosophers cannot simply rely on the truth of their scientific 
world view, nor can the natural scientist simply transfer the meth
ods that are successful in the natural sciences to philosophical re
search. In the collaboration between philosophers and the natural 
scientists, it is not necessary to extend the range of scientific work 
of each; philosophy and natural science can mutually develop in 
close interaction on an equal basis. 
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b. Assessment of philosophical views among natural sci~ntlsts and 
philosophical ''evaluation'' of theories of natural ~crence 

A world view cannot be formed directly from knowledge of natural 
science, nor can the laws of nature be deduced d~ectl~ from a 
world view. Without an analysis of the correspondmg l~nks, one 
can neither assess the validity of theories in the natural sctences on 
the basis of the philosophical explanations and reflectio~s of t.he 
natural scientists, nor must a valid theory in the natural ~ct~nces m
evitably lead the natural scientist to a dialecti~~ll-mat~nahs~ world 
view. A differentiated assessment of the phtl~sophical. vtews. ~f 
natural scientists demands not only the analysts of thetr explictt 
philosophical statements (often written in the form of a pop.ular 
scientific work or as a foreword to a book), but also an analysts of 
their scientific approach and the explicit or implicit philos<;>phical 
views on which this approach is based.21 Little is to be gained by 
appending an "-ism" to the work of a natural scientist. ~uch la.bel
ing can be useful in ideolegical struggles between world vtews, su~ce 
there the battle lines must remain clear. However, when one tn.es 
to clarify the relationship between philosophical v.iew~ and the e~ts
temological process in natural science, such labeling ts more a hin
drance than a help. 

c. Unity of functions in Marxist-Leninist philosophy 

Along with the continuing progress in natural sci~nce, ~1arxist
Leninist philosophy mu-st develop in such a way that tt conunues to 
carry out its various functions within t.he nat~ra.l scienc~s. Occa
sionally one comes across the view that tts heunsttc funcuon should 
be abandoned because of the negative consequences in the past that 
resulted from too narrow a conception of its functions as a world 
view and ideology. It is unfortunate that, in the past, incorrect 
theories in the natural sciences were accepted and correct ones re
jected because it was claimed that the latter were based on wrong 
philosophical and ideological premises, while the form~r. w.ere al
legedly philosophically and ideologically sound. Today tt ts ~mpor
tant to analyze this history in order to ens~re a ~o~stru~uve ap
proach to th6 interconnection between Mar~st-Lerurust phtlo~ophy 
and the natural sciences and thus to contnbute to a deepenmg o( 
this world view. We would be throwing out the baby with the bath: 
if we denied the possibility of using philosophy heuristically for the 
development of science. 
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At the same time, however, one must warn apinst overestimat
ing the achievements. While we have bad a n~ber of impressive 
results in the philosophical generalization of developments in nat
ural science and have a clearer understandina of the implications of 
world view and ideology to the development of science, we are still 
very much Jauing in the development of this heuristic function. 
Understanctably enough, Marx, Enaels, and Lenin dealt only a little 
with this aspect of the dialectical- and historical-materialist world 

·view. Their aim was to establish the world view. of the revolution
ary working class on fmn theoretical foundations, and for this the 
further development of the natural scienCes played only a subordi
nate role. The material gathered by the naturallciences at the time 
was sufficient to substantiate the basic philosophical principles. 
This does not mean, however, that the natural sciences can be ig
nored. Further research must be carried out to develop more fully 
the heuristic potential of Marxist-Leninist philosophy for research 
in the natural sciences, and this potential must be utilized to pro
vide an orientation to science to serve the interests of society and to 
solve the ethical and moral problems faced by natural scientists.22 

2. Materialism and Structure Jj 

Chllpt~r Two 
r 

MATERIALISM AND STRUCI'URE 

After the general description of the relationship between Marxist
Leninist philosophy and the natural sciences given in chapter 1, we 
will now investigate some important questions arising from th}s re
lationship, particularly iJl the pliysical sciences. 

I. MGtter or Subnt~~U¥1 

Consistent materialism is the decisive philosophical principle for 
physics as for all other fields. The recognition that_ matter is pri
mary in relation to consciousness forms the philosophical founda
tion of the dialectical- and historical-materialist solution of all epis
temological, ontological, and methodological problems. A phil- · 
osophical analysis of the history of physics shows that it is precisely 
that science which has been largely responsible for the development 
of a consistent materialism. 

The speculative attempts of Greek Atomists like Leucippus, Pe
mocritus, and Epicurus to create a materialism lie outside of phys
ics, at least by our present-day standards. Like their predecessors, 
Thales, Anaximander, Anaximenes, Heraclitus, and otbers, they 
assumed that the world can be explained out of itself and not in 
terms of idealist principles. In line with their conviction that the 
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many forms of phenomena must be reduced to their m'Ost simpl 
parts, the ancient Atomists postulated that all material objects cor 
sisted of indivisible particles. This was an important methodoloi 
ical theory, which was of great sijllificance for the emergence c 
physics. What is important for us today is not so much their vie' 
of the atoms themselves, but their assumption that observable o1: 
jects consist of parts and that an analysis of the behavior of thes 
parts can lead to knowledge about the object as a whole. It w11 
among the Greek Atomists that the idea was born that a single phc 
nomenon could be taken out of the totality of objective reality an 
examined in relative isolation, ·and the knowledge thus gained er: 
abies us to understand the phenomenon in objective interconne< 
tion with other phenomena. 

It is certainly not correct to consider atomism the theoretia 
starting point of materialism. Materialism is by no means tied t, 
atomism; also, the view that there are no ultimately indivisible ot 
jects is fully compatible with a materialist position. However, hi1 
torically. ancient atomism was a valuable world view and a phil 
osophical basis for developing a consistent materialism. It had 
direct heuristic influence on the scientific research associated witl 
the chemical atomism of the nineteenth century (Dalton, Be1 
zelius, and others). The epistemological and methodological poii 
tions of the ancient Atomists were heuristically fruitful for the de 
velopment of classical mechanics, through the work of Copernicus 
Galileb, Kepler. Newton, and others, which rmally led to the emer 
gence of physics as an independent science. 

Physics could develop only under the philosophical assumptio1 
that one could analytically isolate continually changing objects 
phenomena, and processes from their universal interconnectio1 
and that the laws discovered for these isolated objects also des 
cribed what. under definite conditions, could be general, necessar: 
and essential relations for the corresponding objects in the totalit: 
of their interconnections. The simplest assumption about the iso 
lated objects is to see them as unchangeable, althouah Heraclitu 
already knew that, strictly speaking, there. is nothing that is no 
subject to change. Classical mechanics showed that appropriat, 
idealizations of a large group of material objects is possible. It wa 
the development of thermodynamics, electrodynamics, and, abov' 
all, the theory of relativity and quantum mechanics which mad' 
clear the limits of the idealizations assumed in classical mechanics 
Today we know that the displacement of macrobodies moving a 
speeds considerably less than that of light is correctly reflected b: 
classical mechanics. From this we know that the physical proper 
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ties of the objects investigated by classical n,techanics, such as 
weight, inertia, impenetrability. and corporeality. do ~ot by !1f1Y 
means apply to all material objects. Therefore, '!~have. no diffi
culty today in rejecting all attempts to derme p~losophically t~e 
concept of matter in terms of the physical properties of the material 
bodies of mechanics. But this does not change th~ fa~ that ~he 
laws of motion of classical mechanics reflect the obJectiVe reality· 
The natural scientists who were responsible for the ~evelopment 
and elaboration of this theory knew very well that classical ~echan
ics is able to represent with sufficient accuracy the mechanical mo
tion that takes place outside and independently of human con
sciousness. Their findings give them sufficient reason to . adopt a 
spontaneously materialist attitude. . 

If they were also religious, as was the case for many of them~ It 
affected their work only insofar as they were unable to. cope With 
unsolved problems of their field. For example, Newton U.ttroduced 
the Creator to give the planets the first impulse and to carry out.the 
corrections necessary to prevent the solar ~ystem. from collaps1~g. 
With due respect to Newton's scientific achievements, Engels wntes 
in connection with the later attempts. by scientists t~ P?stulate a 
rust impulse from outside: "Copermcus, at the be~mng ~f the 
period, shows theology the door; Newton closes the penod With the 
postulate of a 4ivine first impu~e. "1 . 

Nevertheless, classical mechanics contrtbuted much. to an un~er
standing of philosophical materialism. One .example IS the realiza

. tion that there is no difference in natural SCience betw~n the mo
tion of "heavenly" and "earthly" bodies. Both move m ~rd-

. ance with Newton's laws of motion, which became the physical and 
mathematical basis for the Copernican system. In the seventeenth 
and eighteenth centuries this first theory of. natur~ science J?lared 
an important role in the struggle between philosophical matenalism 
and idealism. . 

As long as classical mechanics remained the only succer:sful ~~-
entific theory. false conclusions inevitably arose ~rom Its phll
osophical generalization. Seen from the vantage pomt of th~ pr~ 
sent day, it is quite understandable that t~e very s~ccess of.this sci
entific theory gave rise to the danger of Its becommg a p~losoph
ical principle and thereby being elevated to a. level of consider.ably 
greater generality than was justified. It was m the F~ench ~t
enment of the seventeenth and eighteenth cent~nc:s .that phil
osophical materialism was given a largely mechamsuc mterp~eta
tion. The philosophical concept of matter was defined through the 
mechanical properties of macroobjects, and a number of attempts 
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were made to transfer the laws of classical mechanics to the analysis 
of social development. The principal characteristics of mechanical 
materialism (matter is a substance with mechanical properties; all 
motion is reduced to change of place; law and causality are identi
cal; everything happens with absolute necessity; chance exists only 
at the intersection of two or more causal chains, etc.) are under
standable today as the logical consequence of the history of this 
philosophical school and the level of scientific knowledge at the 
time. There is, however, no reason to state that mechanical materi
alism is the inevitable consequence of classical mechanics, let alone 
that it was the philosophical basis for its development. In fact, 
mechanical materialism was historically the result of an unjustified 
philosophical generalization of classical mechanics. Today one can 
show2 that such an important part of mechanical materialism as 
Laplacian determinism does not even itself, strictly speaking, con
form with classical mechanics. Yet, it is necessary to assess pro
perly the merits of this philosophy. Engels writes on this: ''It is to 
the highest credit of the philosophy of the time that it did not let it
self be led astray by the restricted state of contemporary natural 
knowledge, and that- from Spinoza down to the great French ma
terialists - it insisted on explaining the world from the world itself 
and left the justification in detail to the natural sciences of the 
future."3 

Marx and Engels criticized mechanical materialism and its con
cept of matter at a time when its limitations for physics were by no 
means obvious. The foundations of their philosophical criticism 
were Hegel's dialectics, materialistically interpreted, and the find
ings of a number of other sciences, including their own historical 
materialism and political economy. 

The development of thermodynamics in physics first pointed to 
the narrowness of the mechanical-materialist concept of matter. 
However, the fact that the laws of thermodynamics could not be 
fully reduced to classical mechanics could have been interpreted as 
a purely technical difficulty which would not necessarily have 
caused scientists, on the basis of the state of knowledge during the 
second half of the nineteenth century, to revise the mechanical
materialist concept of matter. The development of electrodynamics 
led to more serious difficulties. In Newtonian mechanics the mo
tion of point masses was the object of investigation. In Maxwell's 
equations, however, the fields appeared as the independent objects 
of physical theory. After it became clear that the MaxweU field 
equations had solutions that represented the propagation of elec
tromagnetic waves and once the existence of these ·waves was 
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established experimentally, it was necessary, under the mechanical
materialist concept of matter, to search for a material carrier of 
these waves. This carrier, which was called the ether, had to have 
mechanical properties. The enormous difficulties presented by the 
ether theory were removed in 190S as a result of the abandonment 
of the ether by Einstein, and it was proved, further, that physical 
fields have an objectively real existence and cannot be identified 
with material stuff. Only two philosophical alternatives then re
mained. One was to change the now too-narrow concept of matter 
so as to embrace both stuff and fields. The second was to hold fast 
to the earlier concept of matter and give up philosophical material
ism in favor of idealism. Both paths were taken by physicists and 
the corresponding schools were developed to accommodate the two 
approaches. . . 

The proclamation of idealism led to many episte~ol~glcal and 
methodological difficulties. Idealism could be mamtamed only 
with the aid of increasingly complicated philosophical construc
tions, w~ich had to be devised so as not to impede progress in phys
ical research. Very often, however, this did not succeed. For exam
ple, Poincar~'s ideas on conventionalism prevented hi~ fr~m de
veloping the special theory of relativity. Mach, despite hts well
founded criticism of mechanistic positions, was unable, because of 
his subjective-idealist approach, to assess the sig~ificance o~ new 
fundamental physical ideas at two important pomts. He rejected 
the atom, because he accepted only the existence of things which he 
could directly and sensuously perceive - and atoms ~ere not per
ceptible. He was initially enthusiastic about the spec1al theory of 
relativity, but he became a strong opponent of relativist~c p~ysics 
after the general theory of relativity was developed and dissoctated 
himself from this school completely. However, from the examples 
given, one cannot conclude that physicists who take ide~list po~i
tions automatically become incapable of making new dtscove~es 
in physics. This can be seen, for example, from the work of H~ls
enberg and Jordan on the development of quantum mec:h~mcs. 
An analysis of each individual case reveals, however. that It 1s not 
the explicitly formulated idealist positio~, but .an im~licitly as
sumed materialism that constitutes the phtlosophical basis for new 
discoveries in natural science. 

The "crisis in physics" at the turn of the century led both to ~t
tempts to' give up materialism and to attempts ~o change the .Ph.ll
osophical concept of matter without aban~omng the ~aten~list 
standpoint. Here, too, complicated phystcal and philosophical 
questions had to be answered: Which physical knowledge could be 
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regarded as sufficiently well established that it could serve as the 
new physical basis for the philosophical definition of matter but at 
the same time guarantee that further progress would not ag~in lead 
to a situation in which one would either have to give up materialism 
or change the definition of matter? Which physical knowledge 
could encompass such general properties of objective reality that it 
could become a basic philosophical concept for a world view that 
would embrace nature, society, and thought? 

While the philosophically oriented physicists devoted much at
tention to the first question at the beginning of the twentieth cen
t~ry, har~ly anyone considere.d the second question. The majority 
e1ther stnctly separated the "exact natural sciences" from the 
"descriptive social and mental sciences" or were firmly convinced 
that all science could be reduced to physics and mathematics. Both 
attitudes were and still are represented in bourgeois ideology. For 
the first group this second question appears pointless, and for the 
other group the question seems to have a relatively simple answer. 

The situation at the turn of the century, especially after the devel
opment of the special theory of relativity, was a decisive one for the 
"crisis of physics." ThediscoveryofX-rays, the electron and nat
ural radioactivity, the introduction of Planck's quantum ~faction 
and special relativity theory created considerable difficulties fo~ 
mechanical materialism and its conception of substance, in accord
ance with which things and their properties and relations are re
garded in a metaphysical• and absolute way. The X-rays did not fit 
into the meehanistic view of the impenetrability of material objects. 
Radioactivity showed that even the simplest objects are by no 
means as immutable as mechanistic materialism had assumed. The 
quantization of physical quantities did not fit into a physical world 
view ~hich assumed that nature did not take jumps. One phil
osophical school among the physicists of that time concluded from 
these and other difficulties that one had to give up materialism and 
find a theoretical justification of idealism based on natural science. 
Another philosophical school of physicists tried to rescue the old 
materialist positions at all cost because only these positions ap
peared to be in harmony with the physical knowledge acquired up 
to that time. 

These fundamental conflicts among world views were necessarily 
part of the development of physics at the beginning of our century, 

•Here the term metaphysical denotes having an unchanging essence~ 
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but they went far beyond physics. After the defeat of the 1905 rev
olution in Russia, a strong group of theoreticians in working-class 
movements inside Russia and abroad were using the philosophical 
discussions in physics to undermine the materialist foundations on 
which the theoretical positions of these movements were based. 
Lenin thus found it necessary to make a profound study of the phil
osophical controversies around physics, the results of which were 
published in his book, Materialism and Empirio-criticism, in 1~8. 

Through his philosophical analysis of the state of phys1cal 
knowledge at that time, Lenin concluded that the mechanical-mate
rialist concept of matter had reached its limits. He pointed out that 
this did not mean that materialism had failed, but that one now 
needed to take seriously Marx and Engels' critique of mechanical 
materialism. The way out of the "crisis of physics'' philosophical
ly was not to adopt idealism, but to replace outdated mechanistic 
views with conscious materialist thinking. Lenin recognized more 
clearly than the physicists engaged in the conflict of world views 
that any new concept of matter formulated from within physics 
would sooner or later have to lead to serious problems of an episte
mological and methodological nature connected with a world 
view. That is why his philosophical solution, a continuation of the 
work of Marx and Engels, avoided defining the concept of matter 
within the framework of natural science. Since then, the concept of 
matter in Marxist-Leninist philosophy has been reflexively estab
lished as a basic philosophical concept: matter is defmed by its 
relationship to consciousness and consciousness, as a philosop~c~l 
concept is defined through its relationship to matter. Only Within 
the fr~ework of what Engels called the great basic question of 
philosophy that is, the relation of thinking and being, is a counter-

. posing of ~atter and consciousness absolute. Leni? defines ~he 
:: concept of matter as "a philosophical c~tegory ~enotmg the o.bJe~
·.tive reality which is given to man by hiS sensations, and wh1ch IS 

copied, photographed and reflected by our sensations, while exist
:' ing independently of them. •>4 

This philosophical definition, in contrast to the mechanical
; ·materialist concept of matter, is not bound to specific physical pro
. perties of material objects. Matter is not identified with substance. 
The "sole 'property' of matter with whose recognition philosophi-

. cal materialism is bound up is the property of being an objective 
reality, of existing outside the mind.''5 The view of matter as sub· 
stance, however, postulates the existence of an ultimate carrier of 
all properties and determinations of matter. · 

Atomism was an example of this. The atoms were considered the 
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carriers of all properties and determinations, and it was thought 
that the qualitative variedness of phenomena could be reduced to 
quantitative relations. Another example of the view of substance is 
to equate matter with stuff or field. A certain carrier or group of 
carriers is always assumed. This substance remains even when the 
properties and determinations change or disappear. Thus the sub
stance view asserts the existence of carriers of properties and rela
tions of material phenomena and objects, these carriers continuing 
to exist even when the properties are gone. 

Developments in physics brought to light a number of decisive 
arguments against this vie~ of matter. If such ~ubstance existed, 
then every property that we find in physics must either be due to it 
or not be due to it. In quantum mechanics, however, it is clear, for 
example, that some properties of microobjects are not due to a sub
stance, but are the result of objective interactions (see chapter 3). 
The wave-particle duality prevents us from viewing stuff and fields 
as substance. A concept of matter which sees field and particle as a 
unitary substance could not function as a fundamental philosoph
ical principle. 

In Materialism and Empirio-criticism Lenin dealt in detail with 
the relation between the concept of matter and the structure of 
matter, and he refuted the idealist attacks on dialectical material
ism's fundamental position. In doing so, he developed ideas of far
reaching significance. According to Lenin, the relativity of our 
knowledge about the structure of matter does not contradict the 
acceptance of an objective reality, while the philosophical view of 
structure provides an orientation for further scientific research. 
Lenin objected to the assumption of eternal, unchangeable sub
stances and emphasized the inexhaustibility of matter in its content. 
Since Lenin's time many philosophical discussions and important 
discoveries in the natural sciences have shed new light on these 
views. On the physical side there is progress, for example, in high
energy physics, which provides new ways of dealing with the ques
tion of ultimate building blocks of matter, a question which has a 
very important role in the history of philosophy. Demands are be
ing made on all sciences to solve methodological problems linked 
with structural investigations. However, philosophical structural
ism, particularly in France, led to a one-sided approach to science 
- to the neglect of the diachronic as compared to synchronic, the 
the historical as compared to the logical, and the human being as 
compared to the structure. 
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2. Lenin's Concept of Matter and the Structure of Matter 

Lenin made a distinction between philosophical ques'tions about 
the source of our knowledge and about the structure of matter. The 
~urce of our knowledge exists outside and independently of our 
mind and can be studied by it. This is pr.ecisely the content of 
Lenin's concept of matter. 

In the concept of matter, however, nothing is stated about how 
consciousness exists outside and independently of the mind. From 
the investigations into structure carried out in the sciences, which 
provide statements about the general relations and laws of 
objective reality, we draw our own philosophical conclusions. It is 
from the results of science itself that we obtain evidence for the 
philosophical thesis that matter is infinite in content and that there 
can be no final absolute truth about the structure of matter. Every 
concrete level" of knowledge, be it about physical, biological, or 
aocial objects, reveals different relations in the different sciences. 
Their essence can be known only through a large number of phe
nomena in which some aspect of the essence is always conserved. 
Therefore, science searches for general, necessary (i.e., reproduc
Ible), and essential connections, in other words, connections which 
4elermine the character of the phenomenon. These are the objec
tive laws. So it is not the "thing-in-itself" that is known, but each 
object is investigated within its interrelationships, whereby differ
ent relations can lead to different laws. That is why the question of 
whether we should concentrate our scientific investigations on 
things or structures is already tied to the philosophical approach to 
structure within the methodology of science. 
· It was Lenin's aim, like that of Feuerbach and Engels, to turn 
Kant's unknowable "thing-in-itselr' into a knowable "thing-for
~.'' In the dispute around this subject, the relationship between 
Structure and element did not yet play a special role. Lenin had to 
taunter the view of Mach which denied the existence of something 
outside and independent of our consciousness, or which denied 
even the possibility of such an existence. In comparison, even 
Kant's views were progressive, as Lenin stressed. But Lenin differ
entiated between Kant's and Feuerbach's "in-itself" and 
tommented that Feuerbach "rebukes Kant because for the latter 
the 'thing-in-itself' is an 'abstraction without reality'. For Feuer
bach the 'thing-in-itselr is an 'abstraction with reality', that is, .a 
world existing outside us, completely knowable and fundamentally 
not different from 'appearance'. "6 
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As soon as objects change and are subjected to study, the prob
lem is to find those relations which are valid for the objects but 
have not yet appeared in the process of co~nition. !ha{ is why ~e 
do not describe a falling stone when teachmg phystcs, but expla1n 
the law of free fall, which makes it possible for us to determine the 
behavior of freely falling bodies. This does not mean, however, 
that the reality recognized is the whole of reality. The materialist 
viewpoint demands that in the process of cognition. we accept po
tential object.s about whose structure we know nothmg. Although 
we can derive the laws of the potential objects from the laws of the 
existing objects, we can do this only within a framework t.hat estab
lishes the conditions for the existence of the laws. In this connec
tion Lenin noted that the progress made by science at the begin
nini of our century led some natural scientists to state: "Matter 
has disappeared." This idealist view has been encountered repeat
edly in the past, for example, in connection with the discovery of 
antiparticles, and we meet it even today. However, it has lost much 
of its force as an argument against materialis~ because Leni~'s 
definition of. matter is much better known today than at the begin
ning of the century. Already at that time, Lenin drew attention to 
the epistemological kernel of the statement: ''matter disappears,' • 
namely, that "the limit within which we have hit~erto known mat
ter disappears and that our knowledge is penetratmg deeper; prop
erties of matter are likewise disappearing which formerly seemed 
absolute immutable and primary· (impenetrability, inertia, mass, 
etc.) and which are now revealed to be relative and characteristic 
only of certain states of matter. For the sole 'property• of matter 
with whose recognition philoSophical materialism is bound up is 
the property of being an objective reality, of existing outside the 
mind. ''' 

Lenin rejected equating materialism with mechanistic, metaphys
ical materialism, which had declared the hitherto known relations 
to be the only existing real relations, and thus took the concept for 
the reality. Only dialectical materialism was able to clarify scien'tif
ically the relation between the relativity of our co&!lition and the 
recognition of objective reality by replacing the phys1cal concept of 
matter with a philosophical one. So the question of whether some
thing exists outside and independently of our consciousness must 
be sepapted from the question o_f how .it exists ~~d .what. its 
structure must be. To the latter question Lerun answers: Dialectical 
materialism insists on the approximate, relative character of ~ery 
scientific theory of the structure of matter and its properties. "8 

Dialectical materialism encourages .the investigation of new 
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structures, the discovery of hitherto unknown objects. Materialism 
demands recognition of facts and not their subordination to hither
to valid statements and principles about the structure of matter. 
Every new insight can only confirm the existence of something that 
is outside and independent of, and recognized by, th~ mind. It also 
points, in the epistemological process, to further unknown poten
tial objects whose structure can be investigated. In contrast to ob
jective idealism, dialectical materialism stresses the knowability of 
an. objects and processes by means of the dialectical-materialist 
theory of reflection, and, in contrast to subjective idealism, it pos
tulates the existence of known, as well as ·unknown, objects and 
processes outside and independent of our mind. No "ontological 
addition" to Lenin's concept of matter is necessary, because know
ability presupposes effects on the sense organs, while changes in the 
objects are the basis . of knowledge. This becomes very clear in 
Lenin's critique of Kant's agnosticism. A materialist must not stop 
at merely acknowledging the existence of objects outside and inde
pendent of our mind, but must also explain how we derive our 
kn9wledge from this objective source. Our knowledge is a reflec
tion of objective reality, which we perceive through the organiza
tion of sensuous phenomena with the aid of our empirical and the
oretical knowledge. That is why, for Lenin, too, recognition of ob
jective truth is fundamental to dialectical materialism. 

An "ontological addition" would be a step backward in phil
osophical thinkin& to the position of pre-Marxist materialism, 
when matter was tied to certain discernible structural properties of 
material objects. This was precisely the view that Lenin proved to 
be incorrect. One cannot accept the thesis that there is no absolute 

· truth regarding the structure of matter and then demand an onto
logical determination of the concept of matter which can be noth
ing more than a statement about some defmite physical structure or 
other defmite structure associated with a particular science. This 
would bind materialism, as a fundamental philosophical principle, 
to the state of knowledge pf individual sciences of a certain period. 

· The concept of matter de.fined by contrasting it with consciousness 
- whereby consciousness, narrowed epistemologically, signifies 
only a product of the development of matter and a property of 
matter, as well as the specific human form of reflection (the result 
of it) - is valid as long as humans act as conscious beings capable 
of cognition. Only the results of the process of cognition in the 
form of concepts, statements, and theories are counterposed to the 
material objects and processes in order to give the materialist 
answer to the basic question of philosophy, namely, that matter is 
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primary to the mind. Insofar as one is dealing with philosophical 
questions which do not touch upon this primacy, we .so beyond this 
counterposition and investigate, let us say, the relationship of the 
subject of cognition, as a unity of material and mental processes, to 
the object of cognition, which can have a material or ideal char
acter or both. And here, according to Lenin, we have reached the 
field of structural investigations for which the individual sciences 
deliver new insights that must be analyzed by the philosophers·. For 
materialists there can be no a priori statements of philosophy, but 
only the philosophical analysis of the material provided by the -in
dividual sciences, which helps us elaborate philosophical theses and 
set up philosophical hypotheses. 

The present-day significance of Lenin's conceptions is thus the 
following: 

First, in contemporary discussions on philosophical problems of 
the sciences, the two questions posed by Lenin have to be consider
ed. In the confrontation with idealism the question that is im
portant is what is the source of our knowledge. and this embraces 
the relation of human beings to their environment. This question 
must be separated from that regarding the structure of matter, new 
answers to which are continually being provided by research in all 
scientific fields. 

Second, Lenin gave a clear answer to the first question through 
his definition of matter and his proof that the relativity (i.e., the 
incomplete and approximate· character) of our knowledge of the 
structure of matter in no way contradicts the recognition of the ex
istence of objective reality. The acceptance of objective truth does 
not exclude the dialectic between relative and absolute truth, but 
demands rejection of fmal absolute truths about the structure of 
matter. 

Third, every direction of scientific research, insofar as it has the 
structure of matter as its basis, must be continually reexamined to 
ensure that it does not go beyond· a materialist approach. When it 
was shown, for example, that the ether hypothesis was not neces
sary to explain physical phenomena, the scientific orientation on 
which the search for ether was based had to be dropped. It is in this 
sense that a materialist orientation in the Sciences must be devel
oped on-the basis of the results of research in the individual sci-. . 
ences. 

Fourth, in connection with the growing significance of methodo
logical problems arising out of structural investigations, the phil
osophical understanding of the concept of structure should be fur
ther developed. 
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J. What Is Structure? 

Starting from the usual defmition of system in mathematics and 
logic as a set of elements together with a set of relations among 
these elements, and of structure as a set of relations, in philosoph
ical literature structure is often described as the invariant aspect of 
a system. This takes into account an essential aspect of this con
cept, although it is then, in fact, identified With the concept of law. 
Our defmition, however, of the structure of a system is: the totality 
of the essential and inessential, general and particular, necessary 
and contingent relations among the elements of a syst~ during a 
certain period of time. The behavior of a system depends on the el
ements and their structure as well as on the structure of the system. 
The essential behavior of a system, however, is determined by the 
totality of the laws governing the system. 

Laws exist on the basis of a complex of causal relations which 
must obviously have a certain structure, because recognition of ob
jective, relatively stable systems is a requisite for cognition. Thus, 

. the dialectical unity of conditionedness (transient relations) and de-
terminateness (relations in some defmite time interval) or of causal
ity and structure is the basis of cognition. A thought experiment 
which recognizes only universal interaction would not lead us to the 
knowledge of any object, because knowledge of the whole universe 
would be necessary for cognition. That is why we are not interested 
in the universal conditionedness at all times, but the conditioned
ness of the elements of a system during a certain time period and 
their determinateness. In this way we abstract from the structure of 
the elements and their external effects when we wish to acquire 
knowledge of the laws of the system. Furthermore, in the structure 
of the system we search for the general, necessary and essential re
lations. Therefore, the IXisis for the existence of laws is the causally 
conditioned and structurally determined motion of the elements in 
a system. Thus one must investigate, as an important dialectical 
factor, the relations between causality and stru~re. 

If the concept of law stresses general, necessary and essential re
lations in the concrete mediation of the connections bi causality, 
then this is possible because this mediation has an inner structure. 
The discussion in modern physics around the concepts of • 'place'' 
and "coordinate," of elementary lengths and structure of element- . 
ary particles shows us that in physical theory, too, the structure of 
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material objects must be taken into account. If one identifies struc
ture with law, then this determinateness in the causal conditioned
ness within the single object can no longer be seen, but is reduced to 
the essential structure. 

If mathematics and logic view structure undifferentiatedly as the 
totality of relations among the elements of a system, then the phil
osophical content cannot consist only in designating the essential 
relations by means of this concept of structure without indicating 
which concept embraces the totality of the other relations. The 
philosophical solution must make clear the significance of the dif
ferentiation of all relations into general and particular, necessary 
and contingent, essential and inessential, to give direction to a dia
lectical analysis and also to reveal the features that distinguish 
them. In this way, the content of this concept is pr~erved and not 
narrowed down. If we now tum to the concept of the structure of 
,matter as used by Lenin, we can then define it as the totality of rela
tions of material objects among themselves. Every concrete char
acteristic of material objects is subject to research in some partic
ular scientific field. Statements about it must be tested in practic~. 
General statements on structure derived by philosophy from the 
findings of the individual sciences must also be tested in the individ
ual sciences in a complicated process of cognition involving the 
elaboration of philosophical statements and formulation of phil
osophical. hypotheses. Such general statements also relate to the to
tality of relations ttiat material objects have to one another, rela
tions which can be general and particular, necessary and contin
gent, possible and actual, etc. 

The development of science continually brings forth new phil
osophical structural problems. The necessary philosophical anal
ysis of the new statements on structure must be tied to a defense of 
the materialist viewpoint. Interesting in this connection is Lenin's 
view of space and time: 

In his Mechanics, Mach defends the mathematicians who are in
vestigatins the problem of conceivable spaces with n dimensions; 
he defends them asainst the charse of drawins "preposterous" 
conclusions from their investigations .... For the materialists, 
by recosnizins the real world, the matter we perceive, as an objec
tive reality, have the right to conclude from this that all human 
concepts, whatever their purpose, that so beyond the bounds of 
time and space are unreat.9 

Here, too, the issue is the materialist approach to space and time 
on the one hand, and knowledge about space-time structures de-
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rived from the individual sciences on the other. Lenin gives his 
opinion on the former. This becomes clear in his critij:ism of 
Bazarov who "erred in confusing the mutability of human concep
tions of time and space, their exclusively relative character, with the 
immutability of the fact that man and nature exist only in time and 
space."lO In this philosophical question the issue is obviously not 
that of a statement on the objective space-time structures, for 
these, too, are subject to philosophical analysis. For Lenin it is 
clear that when we speak about objective space and mathematical 
space, we are talking about two different concepts of space. How
ever, the development of the sciences shows that one is not inde
pendent of the other. The theory of relativity proved the unity of 
matter, motion, space, and time. Moving material objects have, in 
their conditionedness, a space-time structure characterized by ma
terial processes taking place alongside and after one another. A 
universal world time and an absolute space do not exist. 

In functional analysis one understands abstract space to be a set 
of elements within which a limiting process can be considered. For 
some definite space, certain operations. like addition, multiplica
tion, etc., are defined for certain elements. Since objective space, 
or rather, objective space-time, is not a material object existing 
alongside others, but is a definite relationship among material ob
jects, the recognition of objective reality at the same time means re
cognition of the objectivity of space and time. It must be possible 
to verify space-time theories with the material objects. This applies 
to relativity theory as well as to other space-time theories. Such is 
the materialist approach on this matter to the basic question of 
philosophy: the relation of thinking and being. 

Some of Lenin's statements about the structure of space-time 
are, of course, based on our knowledge at the tum of the cer.tury 
and reflect the development of philosophical knowledge at that 
time. This was characteristic of his approach. He took what was 
then considered to be well-established scientific knowledge and 
generalized it philosophically on the basis of fundamen.tal princi
ples. Much more important, however, is his basic approach, which 
was to recognize the existence of objective space-time structures. 
Today one can express Lenin's arguments more precisely if one 
looks upon the thesis that space and time are forms of existence of 
matter as at;t expression of the view that the space-time theories in 
the individual scientific fields are reflections of the objective 
space-time structures of material objects and systems. Lenin:'s 
philosophical statement should not be understood as an opinion on 
the structure of space-time, but as a basic materialist viewpoint 



50 2. Materialism and Structure 

linked to the dialectical-materialist concept of the material unity of 
the world. 

Lenin's comments on the inexhaustibility of matter• and his re
jection of absolute substances are of great iD].portance for the inves
tigation of space-time structures. As objective space appears to be 
a part of the structure of material systems, one can also ask wheth
er spatial relations can always be considered to be absolutely inde
pendent of other relations. Obviously, this is no longer possible 

. with regard to temporal relations, which fact also confirms Lenin's 
view that nothing is absolute. Not only spatial and temporal but 
also other relations will undoubtedly characterize more than before 
the behavior of material objects in our theories. While it was suffi
cient for mass-point mechanics to specify the space coordinates of 
point masses, elementary particle theory must take into account a 
large number of characteristics of objects by means of various 
quantum numbers. To see mathematical space generally as a series 
of relations is in line with the views given here, because it is a gen
eralized view of space, wherein the structure of space is described 
by various operations. It is now much clearer than ever before that 
every philosophical analysis of physical knowledge must be based 
on the scientific nature of the materialist ·viewpoint, which stresses 
the primacy of matter over mind and thus also the primacy of the 
objective structure over the theory of this structure. Therefore, the 
structure of matter, as the totality of relations of material objects 
to one another, must be philosophically investigated on the basis of 
knowledge accumulated in the individual fields of science in order 
to determine the direttion for further research. 

Taking the structure of matter as the totality of relations among 
material objects, we can make a further conceptual differentiation 
which is already implied in the way philosophical language is used, 
although not always consciously. All material objects studied by 
science can be classified according to their general properties and 
assigned to broad groups designated as types of matter. In phys-

*"The 'essence' of things, or 'substance' is also relative; it expresses only the degree 
of profundity of man's knowledge of objects; and while yesterday the profundity 
of this knowledge did not go beyond the atom, and today does not go beyond the 
electron and ether, dialectical materialism insists on the temporary, relative, ap
proximate character of all these milestones in the knowledge of nature gained by 
the progressing science of man. The electron is as inexhaustible as the atom, nature 
is infinite, but it infinitely exists." (Lenin, Materialism and Empirio-criticism, ·p. 
262) 
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ics, these are particles and antiparticles- as well as fields. That one 
type of matter can change into another, such as ma~ter with 
and without rest mass, confirms the dialectical-materialist thesis 
about the unity of the world in its materiality. The types of matter 
are interconnected in their objective structure, motion, and devel
opment. It is these relations between the material objects which we 
describe as forms of matter and sometimes also as forms of 
existence of matter. The basic form in which matter exists is mo
tion, which, in the classics of Marxism, is called the mode of exis
tence of matter. The material motion forms the connection be
tween the material objects and determines and conditions their in-
ner structure and their place in the material system. · 

The structure of matter is thus the totality of relations between 
material objects, with account being taken of the dialectic of ob
ject and relations (which can change places in a concrete case) and 
the unity of the types and forms of matter. Here, thejorms of mat
ter are general relations among the objects, which are philosoph
ically expressed in the categories motion, interconnection, develop
ment, and space-time. The concretization of the type and modes in 
which these forms of matter exist leads to the forms of motion, the 
forms of interconnection such as caust1/ity and law, and to the 
forms of development. 

4. The UnlvRIIIlltY of Structww 

If we base ourselves on Lenin's defmition of matter and then ask in 
what way does Marxist-Leninist philosophy promote research in 
natural science, the answer can only be: the consequences arising 
from the materialist viewpoint must be consciously arrived at in a 
process in which the materials gathered from research in physics 
become the necessary foundation for the development of concepts 

•stolfandAntistoffln the original German text. There is a certain linguistic ambi
guity on this question. In English, the terms matter and antimatter are now often 
used in physics to denote either particles and antiparticles, respectively, or the more 
complex structures (e.g., nuclei and chemical elements) that may be formed from 
them, including corporeal (bodylike) forms, a concept which can be exten~ to in
clude gases. In Geiman, the terms Stoff and Antlstoff correspond to this more 
general use -of matter and antimatter. From the materialist viewpoint, however, 
fields are also forms of matter, so that the English terms matter and antimatter do 
not adequately distinguish particle or corporeal forms of matter from matC!fial 
fields, unlike the German term Stoff, which is not generally applied to fields. In 
the older natural-science literature in English one can encounter the term stuff used 
in the same sense as the German Stoff. 



52 2. Materialism and Structure 

and hypotheses. With the help of the principle that all material ob
jects have a structure, we will now show how to do this and use for 
an example some of the discussions that have taken place in ele
mentary particle physics. 

The recognition of the primacy of matter over consciousness is 
not only the presupposition for a scientific theory of knowledge, 
but also has further philosophical consequences. By accepting the 
primacy of matter and the knowability of material objects, one also 
.acknowledges the existence of objective connections. If the objec
tive connection is broken at any place, then knowability cannot be 
asserted. One can make the following thought experiment. In line 
with relativity theory, objective connection means that there is no 
material area which is not connected to other material areas 
through material processes, i.e., such connection produces effects 
which in principle must be perceivable by the sense organs and thus 
make knowledge possible. This can be a mediated (or indirect) ef
fect, it need not be direct. Let us now imagine some region existing 
in complete isolation, i.e., without any connection to other regions. 
Such a region would be an unknowable thing-in-itself. If it has n.o 
effect on others, i.e., is not linked to. other regions through material 
processes, the objective connection is broken at this place. This re
gion is fundamentally unknowable because cognition assumes at 
least mediated effects on the sense organs. 

Thus, the thesis that the world is, in principle, knowable is neces
sarily linked to the thesis about objective connections. Cognition, 
however, demands analysis, changes in reality, and emphasis on the 
essential aspects of an objective interaction. A requisite for cogni
tion is the hierarchy of relations within the objective connection, its 
division into systems which are not absolutely isolated from one an
other because of the objective connection, but which can be separ
ated in thought because of their relative stability. Only through 
this can we distinguish between inner and outer relatidns. Such sys
tems, as relatively independent parts of an objective connection, 
can interact with other systems only if they have an inner structure 
which mediates the interaction. However, no decision can be made 
on whether these systems consist of indivisible building blocks. 
Here we are not looking at higher systems of matter, but only phys
ical ones, and we ask whether ultimate building .blo.cks of matter 
exist. The history of science tells us at this point, that we must first 
clarify what we mean by ultimate building block. 

The mechanical-materialist view, which saw the point masses of 
classical mechanics as ultimate building blocks of matter defined 
only through spatial and temporal relations, quickly proved unten~ 
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able. ~~t elementary particle physics pointed to a new qifficulty. 
In collis1ons between two particles at high energies, other particles 
emerge, and these can be considered as parts of the whole. But they 
are also "elementary" particles. The criterion normally used for 
parts and whole in spatial quantities fails here. Heisenberg writes 

Therefore, it is best to describe these collision processes not by 
claiming that the colliding particles have been destroyed, but by 
speaking of the emergence of new particles out of the collision 
energies in accordance with the laws of relativity theory. One can 
say that all particles are made of the same basic substance, which 
one can call energy or matter, or one can state: The basic sub
stance "energy" becomes "matter" by taking on the form of an 
elementary particle. In this way, the new experiments taught us 
that the two apparently contradictory statements: "matter is in
fmitely divisible" and "we have the smallest units of matter" can 
be made compatible without getting into logical difficulties. II 

According to Heisenberg, the field is the basic substance of physi
cal processes. The particles are excitations of the field. By matter 
he understands here stuff or elementary particles. This leads us to 
the thought that Lenin's thesis on the inexhaustibility of matter can 
be made compatible with the assumption that there exist smallest 
units of matter. Inexhaustibility is no longer found in the varied
ness of physical objects, but in the relations among these objects. 
Then a finite number of ultimate particles would be inexhaustible 
in their relations. 

But there are also other possibilities for a physical approach to 
the problem of elementary particles. For Heisenberg, the question 
of the structure of particles is unimportant, because it is subordi
nated to the question of the structure of the fundamental sub
stance, but for other approaches, the problem of the structure of 
particles is an important one. Above all, the concept of divisibility 
needs to be clarified. The connection between the structure of par
ticles and divisibility can be illustrated by recent developments in el
ementary 'particle physics. In 1964, Gell-Mann and Zweig 
proposed a.. set of fundamental particles as the building blocks of 
the elementary particles. These hypothetical particles, called 
quarks, have fractional electric charges. An intense search for 
these particles began, but at this writing there is no confirmed evi
dence for them. However, there are a number of indirect indica
tions that this model is fruitful. For example, in 1968 Weinberg 
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and Salam made a promising attempt to unite quantum electrody
namics with the theory of weak interactions. In the last few years 
several particles have been found whose existence supports the 
quark model and the work of Weinberg apd Salam.• Investiga
tions of the structure of strongly interacting particles also contin
ues. The hypothesis that particles are pointlike (parton model) has 
again raised the question of the connection between structure of 
particles and divisibility. 

It is obvious that structure cannot be defined solely in terms of its 
space-time relations. On the other hand, a new type of divisibility 
has been proposed. Quantum numbers which hitherto have been 
regarded indivisible are now thought to be divisible or, equiva
lently, new quantum numbers have been introduced (the charmed 
quarks). The divisibility of quantum numbers leads to hypothetical 
particles whose existence must be conflrDled. The relationship of 
the structure of the elementary particles to the hypothetical parti
cles now has to be clarified and the structure of the quarks investi
gated. The introduction of new quantum numbers makes the struc
ture of particles even more complicated, so that even more quanti
ties have to be used than before in order to describe them. The 
problem of structure arises on a still lower level if one thinks not 
only of spatial divisibility, but also of the divisibility of the quan
tum numbers. One can also assume a complicated structure for the 
same level, but nevertheless the problems will not disappear. 

Here we see the connection between the philosophical thesis that 
systems have structure and elementary particle physics. Although 
philosophy cannot make any statements independently of the find
ings of the individual sciences, the general philosophical principles 
can have heuristic significance when linked with these findings. 

From this position one can also consider some aspects of the 
philosophical orientation of science. As we have already seen, 
structural investigations into modern physics are no longer directed 
at the structure of an uninteresting object in its space-time rela
tions, as was justifiably the case in mass-point mechanics. In its 
philosophical generalization, mechanical materialism concerned 
itself with the space-time relations of atoms, which resulted in com
plicated systems. It was denied that these sy~tems have laws of 
their own, and thus each system was reduced to its elementary parts 
and relations, at least, in principle. This orientation led to the ele
ments of the systems being treated as something primary. The 
•Still more recently, encouraging support has come for the grand unification the-
ories put forth in 1974. These theories unite the strong, electromagnetic, and weak 
interactions (but not gravitation) in one theoretical scheme. 
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body, the thing that belonged to the system, was the object of in
vestigation. Even modern physics has now shown that statistics 
should be regarded not just as an aid for dealing with the behavior 
of many parameters, but as a science that formulates essential laws 
for the parameters of physical systems. This makes it clear that 
complicated and complex systems have laws of their own, which 
Marxist philosophy recognized long ago. "These systems have not 
only an element structure, but also a system structure, on the basis 
of which system laws can be investigated. The investigation of 
structure in elementary particle physics is one part of the research 
on the structure of matter. The results already obtained from phil
osophical studies on the forms of matter based on research in the 
various sciences can be of heuristic value for solving philosophical 
problems in elementary particle physics. 

The direction of scientific research which arises out of the phil
osophical principle that material systems possess structures does 
not lead simply to the investigation of individual objects and the 
neglect of the structure of the system, but to the determination of 
the place of the object as one element in the system, and the deter
mination of the system structure in its essential aspects, and with it, 
the system laws. The role of the elements in determining the system 
character and the system laws must also be investigated. In this 
connection, further philosophical investigations must be conducted 
on questions such as divisibility, on the relation between symmetry 
and asymmetry, ori the part and the whole, and so on. Every the
ory of the structure of material objects in material systems and of 
the integrated structure of the entire system embraces a number of 
levels and types of relationships. 

5. Stages of Cognition of Structure 

The stages of cognition of structure can be considered logically as 
well as historically. In the philosophical and scientific literature in 
which this has been done, comparisons are frequently made be
tween modern science and the philosophy of ancient Greece and the 
Middle Ages. Such comparisons are based on analogies, and some
times ref~ence is made to the laws of development of thought, ac
cording to which the dialectical negation of synthetic views, 
through the investigation of a particular case, leads to a synthesis in 
the negation of the negation, which is not a return to the old, but 
includes the rational nucleus of an original view. 
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The following aspects of cognition of structure can be outlined: 
First, there is the historically evolving view of material objects 

and processes, in the course of which their many-sidedness was dis
solved in their space-time relations. The names of Copernicus, 
Galileo, Kepler, and Newton are associated 'Wit~ this development, 
according to which every structure is considered to be a space-time 
relation of qualitatively identical particles. In relation to the brilli
ant hypotheses of the Greek Atomists, this, too, represented impor
tant progress in knowledge, because it made it possible to compre-

. bend structures and to investigate them further. as we can see from 
the achievements of classical physics. ln the fmal analysis, how
ever, it also limited the structure of matter to one type of matter 
only, that is, to the ultimate indivisible particle, and limited the 
forms of matter only to those relations among particles which were 
expressed in the laws of classical mechanics. 

Second, the laws characteristic of particular objective systems 
must be taken into account. Engels pointed this out when he differ
entiated between the higher and the lower forms of motion and em
phasized their relative independence along with their inner connec
tion. Every system of structures has a place in the hierarchy of sys
tems which exist beside one another and mutually interpenetrate 
each other. but which can also be positioned in this hierarchy as a 

· particular general. This means that the essential system structures 
are dependent on one another, and the richness of relations among 
material objects becQmes evident. Nature is infinitely complicated. 
New objects with new properties and new relations among the ob
jects are continually being found. The forms of motion and de
velopment of matter range from physical to social movement, 
whereby the forms of matter in the various systems have their own 
specific natures. The area of our present concern, however, is the 
physical forms of motion. 

Third, general theories emerge on the basis of the inner connec
tion of the system structures and embrace the various fields 
through emphasis on their common structures. This also applies to 
the borderline areas among various sciences, such as the applica
tion of quantum theory to chemistry or the investigation of phys
ical-chemical laws of biological evolution. 

Fourth, general structural theories have been developed which 
make system-independent statements about structqres much as 
mathematics uses mathematical theories. An example is cybernet
ical systems theory, but one can start even with the whole of 
mathematics, which deals with possible relations of well-defined 
systems. In this connection we can also mention the recent creatfon 
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of a "structure theory" of mathematics with the aid of the theory 
of categories. 

We see that cognition of structure has several aspect§ and stages. 
There are no straight and direct paths to structural cognition which 
lead deductively from the general theory of structure to a certain 
system structure or inductively from a system structure of general 
theories to structural theories. 

6. The Material Unity of the World and Unified Theories 

In the history of physics tarious attempts have been made to devel
op a unified theory of all physical objects and relations. In the 
eighteenth and nineteenth centuries, all phenomena were reduced 
to the mechanical relationship of identity of the smallest particles, 
so that the unity of the world was seen as the unity of mechanical 
relations, and the unified theory was simply classical mechanics. 
Frederick Engels examined the philosophical consequences of such 
a viewpoint and, on the basis of the scientific knowledge of the day, 

. criticized the attempts to reduce all qualitative differences to quan
titative relations. This criticism is interesting, both from the view
point ofthe theory of science and of philosophy. Historically, one 
can make an interesting comparison between Engels' criticism of 
the mechanical-materialist world view and the actual further devel
opment of science. 

Engels objected to the view that one must reduce physiology, 
chemistry, etc., to mechanics, because this, he said, places imper
missible limitations on the subject matter of nonmechanical sci
ences. He pointed to the connection between the sciences, to their 
continuity, as well as to the differentiation which does not allow 
simple reduction: "In physics, however, and· still more in chem
istry, not only does continual qualitative change take place in con
sequence of quantitative change, the transformation of qua.ntity in
to quality, but there are also many qualitative changes to be taken 
into account whose dependence on quantitative change is by no 
means proven. That the present tendency of science goes in this 
direct~on can be readily granted, but does not prove that this direc
tion is the exclusively correct one, that the pursuit of this tendency 
will exhaust_ the whole of physics and chemistry ... 12 . 

As a dialeCtical materialist, Engels was a representative of mate
rialist monism. He did not, however, try to fit the objective qualit~ 
tive differences into a monistic world view, as did those natural sci
entists of the time who demanded the reduction of all systems and 
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relations to the change of place of qualitatively identical smaliest 
particles, all of which was to be described by means of the laws of 
classical mechanics. Engels did not follow the trend of the time, 
which was to reduce quality to quantity.. It was precisely those 
qualitative changes which could not be shown to be quantitatively 
conditioned that later led to the downfall of the mechanistic world 
view. One example is the already-mentioned attempt to under
stand the propagation of electromagnetic waves in the ether and the 
attempts to discover the nature of light. This was the starting point 
for relativity theory and quantum theory, which, in turn, served as 
starting points for the construction ·of an elementary particle 
theory. 

Engels tried to grasp the principal trends in the development of 
science, but he could not, of course, foresee furth~r developments 
in all their details. He did not live to see the discovery of radioac
tivity, the electron, and the theory of special relativity, nor did he 
know the results of the Michelson-Morley experiments, which 
(along with special relativity) established the nonexistence of the 
ether. In commenting on the scientific developments of his time, he 
criticized the strong belief of many natural scientists in the reduc
ibility of all relations to mechanical ones. He summed up the con
sequences of the mechanical view of nature: 

It explains all change from change of place, all qualitative differ
ences from quantitative ones, and overlooks that the relation of 
quality and quantity is reciprocal, that quality can become trans
formed into quantity just as much as quantity into quality, that, 
in fact, reciprocal action takes place. If all differences and 
changes of quality are to be reduced to quantitative differences 
and changes, to mecbanic:al displacement, then we inevitably ar
rive at the proposition that all matter consists of identical smallest 
particles, and that all qualitative differences of the chernic:al ele
ments of matter are caused by quantitative differences in number 
and by the spatial groupiq of those smallest particles to form 
atoms. But we have not aot so far yet.l3 

This consequence of the mechanistic approach to nature was not at 
all clear to many natural scientists, since they ·were not sufficiently 
interested in the philosophical analysis of their world view. The 
theory of the absolute qualitative identity of matter, as Engels cor
rectly commented, could neither be empirically proved nor dis
ptoved. This is just as true today. Indeed, the attempts to find a 
unified theory of elementary particles no longer means rejecting 
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qualitative differences. The history of science has forced us to be 
more careful. There is, however, no doubt that some scientists still 
dream of one all-embracing world theory. ' 

History proved Engels right in regard to mechanical ~aterialism. 
It prove~ impossible to reduce all relations, even within physics, to 
mechamcal ones. Here we need only point to the statistical inter
pretation of quantum mechanics and Heisenberg's indeterminacy 
relations, which. clearly show the difference between the behavior 
of classical and quantum objects. This does not, however, com
pletely negate the attempts to rmd a unified theory. First, there is 
no proof that some basic material substance, whose theoretical de
scription would supply a unified theory of nature, does not, after 
all, exist. Second, attempts for unity in science always have a heu
ristic character. Even if we did not achieve a unified theory of na
ture, there have always been more general theories that described 
objects and relations which, up to then, had been seen in separa
tion. Examples are Maxwell's theory and, later, the quantum 
theory. The latter did away with the absolute separation of waves 
and particles and brought them together to form a theory of phys
ical objects. 

The next major attempt to rmd a unified theory was the effort at 
the turn of this century to explain all properties of matter in terms 
of electromagnetic fields. The limitations of this viewpoint became 
clear even more quickly than the one-sidedness of mechanical ma
terialism. Above all,. the development of the quantum and relativ
ity theories showed the limits of a unified electromagnetic theory of 
nature. While classical mechanics was a theory of forces acting be
tween unchangeable particles, the introduction of the field concept, 
which played such an important role in electromagnetic theory, 
shattered the conception of unchangeable particles as the only 
physical objects. Not only the forces between particles were then 
investigated, but also the field relations and laws of a structural na
ture. Gravitation, and later the strong and weak interactions of el
ementary particles, could not, however, be reduced to the electro
magnetic interaction. Physics produced new discoveries which 
showed that such a reduction was impossible. The significance of 
the field concept for the explanation of material processes led to the 
idea that one could build up a unified field theory of matter. Ein
stein and Infeld expanded upon such ideas: 

Could we not reject the concept of matter and build a pure field 
physics? Wh~t impresses our senses as matter is really a great 
concentration of energy into a comparatively small space. We 
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could regard matter as the regions in space where the field is ex- · 
tremely strong. In this way a new philosophical background 
could be created. Its rmal aim would be the explanation of all 
events in nature by structure laws valid always and everywhere. 
A thrown stone is, from this point of view a changing field, where 
the states of greatest field intensity travel throuiJh space with the 
velocity of the stone. There would be no place, in our new phys
ics, for both field and matter, field being the only reality. This 
new view is suggested by the great achievements of field physics, 
by our success in expressing the laws of electricity, magnetism, 
gravitation in the form of structure laws, and fmally by the equiv
alence of mass and energy. Our ultimate problem would be to 
modify our field laws in such a way that they would not break 
down for regions in which the energy is enormously concen
trated.l4 

That was the idea at the bottom of Einstein's efforts to fmd a 
unified field theory of matter. It eliminates the previous separation 
between the types of matter, stuff and radiation, an idea which 
later found firmer support through the transformation of stuff into 
radiation. While Einstein interpreted stuff as matter, for himjield 
was an expression of structure and, in the final analysis, even an ex
pression of the spatial conditions alone. This was the third attempt 
to develop a unified physical theory. However, Einstein could not 
arrive at physically meaningful results. Although his concrete 
physical conception of the geometrization of all fields proved im
possible, this brilliant fundamental idea should not be thrown out 
altogether. Many elementary particle physicists continued to 
defend it. Heisenberg, for example, tried to work out a unified 
field theory of elementary particles. In quantum geometrodynam
ics the geometrization of physical processes becomes the founda
tion for the theoretical understanding of the behavior of elemen
tary particles. 

The aim of such a unified elementary particle theory is to reduce 
the qualitative variedness of elementary particles to a basic sub
stance or to a few basic relations. Such a theory would be able to 
account for all types of reactions and properties with the aid of one 
or several basic equations and thus make possible the theoretical 
prediction of undiscovered reactions and objects. .ijowever, apart 
from its usefulness for physics, a unified elementary particle theory 
would also provide deeper insights into other fields of research: in 
chemical reactions, in organisms, in human beings - elementary 
particle reactions take place everywhere. Here, by the way,' we 
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find an answer to the question frequently raised about the social 
usefulness of an elementary particle theory. No doubt one could 
simply dismiss the question by pointing out that basic ;esearch re
veals its significance for human society only after much time has 
passed. Igor Tamm noted that Heinrich Hertz, when asked about 
the practical purpose of the electromagnetic waves he had discov
ered, replied: "They will never have any practical significance." A 
few years later, wireless telegraphy was invented. Tamm does not 
share the scepticism of many scientists about the useful application 
of an elementary particle theory .1 5 The first results are already be
fore us. In medicine, pion therapy is being used in place of X-rays 
for the treatment of cancer. Muons may serve to measure the si>eed 
of chemical reactions. 

Kashluhn gives the following reasons for the development of el
ementary particle physics in highly industrialized countries. It is 
not only the increase in knowledge about nature, but the usefulness 
of this knowl~ge. ''Extrapolating from history, one can hope for 
or expect tangible useful results. At the moment, however, nothing 
exact can be said, as this field is still changing rapidly, and we are 
too far from the stage of possible application. Yet one cannot over
look, even today, its effects on other branches of physics and even 
on technology, for example, the use of certain mathematical meth
ods for solid-state physics or the techniques of data processing and 
automation of measuring processes. In addition, it is generally ad
mitted that high-energy physics is necessary today if one wants to 
achieve a high level of research in physics.' •16 A unified elemen
tary panicle theory, even if it has only a relative character, i.e., 
does not embrace all properties and relations, would of course in
crease the prospects for useful applications. Our understanding of 
the structure of matter would also be deepened. Kashluhn writes 
further: ''It is the task of physics to reduce natural phenomena to a 
few basic laws, whereby a scientific understanding of our material 
world becomes possible.' •17 The physicist advocates the idea, con
firmed by practice, of the material unity of the world, because it 
can become the heuristic starting point for further progress in 
physics. So there are various reasons for the fourth attempt to cre
ate a unified theory, this time of elementary particles. Such a the
ory would have both theoretical as well as practical value. 

. The philoSophical analysis of more recent efforts to unify our 
p1ct~re of nature must take into account an important idea that 
Lenm e~press~ at the be~inning of this century when analyzing the 
latest d1scovenes of phys1cs at that time. He polemicized with the 
view that there exists an "unchangeable essence of things," a 
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"basic substance., According to him, the "essence of things'' is 
also relative. It is determined by the degree of our penetration into 
the laws of nature, into the behavior of objects, and denotes the 
borders of our present-day knowledge. Lenin says that dialectical 
materialism insists on the relative character of our knowledge. He 
considered the electron and the whole of nature as inexhaustible 
(see footnote on page SO). 

There is no evidence that Lenin was thinking of a simple spatial 
divisibility of the electron. What is important is the idea of the in
fmite complexity of matter which we may be able to perceive, but 
which we can never know completely: Lenin's thesis on the inex
hausuollity of material forms aild relations has been confll'llled, at 
least in breadth. When Lenin wrote his book, the only elementary 
particle known was the electron. Today we know more than one 
hundred. Tbe inexhaustibility in depth, which is also contained in 
Lenin's comments, can be taken as a pointer to seek deeper-lying 
relations. Many physicists interpret Hofstadter's experiments, in 
which he scattered electrons on protons and found deviations from 
the behavior of a point charge, as proof that nucleons have a struc~ 
ture. Others have been lookina for partons or other structural ele
ments of stronalY interacting particles. The evidence that 
elementary particles have structure is a further confirmation of the 
Leninist thesis on the inexhaustibility of material relations on 
deeper physical levels. 

This brief survey of the attempts to create a unified theory of 
nature shows us some of the problems that are involved. So far, all 
these attempts have failed, but this does not mean they were use
less. On the one hand there was an objective tendency to formulate 
theories of a universal character. Its foundation is the material 
unity of the world. On the other band, no evidence has been found 
so far for the existence of an absolute basic substance or an ulti
mate basic relation. This is why dialectical materialism had to add 
two essential ideas to make materialist monism complete: 

1. Tlte unity of the world is a unity of qualitatively different 
types of matter, material forms and relations. They are linked to
gether, emerge from oM another, but cannot be compktely reduc
ed to oM basic substa~. Qualitatively different laWs act in differ
ent realms, and these laws are system laws for the tiehavior of ele
ments in systems. The statistiCal nature of these system laws does 
not allow their reduction to dynamic laws, but the investigation of 
the laws aoveming the elements of s)rstems gives us a new insiaht 
into the basis for the operation of system laws. For example, elc-

2. Materialism and Structure 

mentary particle processes enter as elements of chemical reactions 
and of the behavior of orpnisms. Therefore, chemical reactions 
and biological behavior may be better understood through element
ary particle theory, but cannot be completely reduced to the laws of 
elementary particle reactions. The latter would mean denying the 
imponance of statistical laws and returnina to classical determin-
ism. · 

2. The second dialectical-materialist contribution to monism is 
the recognition of the infinite complexity of matter. This emplul
sius the relative nature of our knowledge about the structure of 
matter. New experiments' bring new insights into the behavior of 
material objects. This does not mean that we are able to obtain full 
knowledge of the infmite universe or are attempting to measure or 
describe the inf'mite, because this is impossible. What we need to re
cognize is the relative historical Umits of our cognition. We can 
only survey one part of the universe, discover the laws governing it, 
and from there ·extrapolate to unknown areas. During the course 
of cognition, unjustified extrapolations are corrected. As long as 
the results of our experiments do not contradict the theories, spec
ulative extrapolations need not worry us. This provides the possi
bility of searchina for unified theories for all material processes, 
even if they lat~ prove to be only unified theories for certain proc
eaes. The investiption of objective systems and their system 
laws, from which one can abstract from both the changes in the el
ements and the influence of other systems under given conditions, 
makes possible the discovery of objective trUths. 

The search for a unified elementary particle theory finds its justi
fication in the experimentally confirmed transformabllity of parti
cles into one another. This means they can constitute a self~oo
tained system, as represented by Chew's " bootstrap" hypothesis, 
or by excitations of a field (as Heisenberg describes original mat
ter). The view that the field is the ultimate basic substance of 
matter is one of those unprovable extrapolations which can do no 
damage at present, because they have no practical consequences. 
On the contrary, the search to confirm or refute them leads to the 
further development of the theory. 

The efforts made till now to develop a unified picture of nature 
reveals the fOllowing tendencies in theoretical development. The 
intensive search for a unified theory of elementary particles contin
ues. Basic particles, seen in the sense of basic relations, are taken: 
to be the foundation of the theory. There are attempts to build the 
known particles out of others (Sakata, Markov, Gell-Mann, etc.): 
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quarks and partons. The weak interactions cause difficulties,· be
cause they are not adequately embraced by the theory. (See foot
note on page S4.) Heisenberg tried to base his theory on basic re~
tions derived from a field operator. Quantum geometrodynanucs 
also tries to express the structural relations of elementary particles. 
In contrast to Heisenberg's approach, it considers space-time rela
tions to be the simplest, and everything else is reducible to them. 
The structural relations in the domain of elementary particles is 
complicated. There are numerous particles with many ways of 
interacting. They interact with one another strongly, electromag-
netically, and weakly. · 

The weakest of all is the ever-present gravitational interaction, 
whose significance for the elementary-particle theory is still contro
versial. An inner connection exists among the various interactions, 
and the particles transform into one another. The· interactions oc
cur in the presence of a connection between interaction and conser
vation laws. The weaker the interaction, the weaker the conserva
tion law. This gives us the hope that the structural relations can be 
found despite the qualitative differences. Which of the relations 
are the most promising cannot yet be decided. 

Modem unified theories thus take into account the qualitative 
differences of relationships, the growing complexity of the struc
tures and the unity of structure and process. We can see how far we 
have gone away from the classical ideas of the behavior of objects 
and of a unified theory of nature, and how we must accept the infi
nite complexity of the unity of the material world, even in the 
search for unified theories. 
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Chapter Three 
MATERIALIST DIALECTICS AND ~HYSICS 

After the foundations of mechanics were elaborated by Galileo, 
Newton, Huygens, and others, physics developed comprehensively 
and quickly. New theoretical fields arose: thermodynamics, elec
trodynamics, relativity theory, quantum physics. Currently, we are 
experiencing a tremendous upsurge in a number of areas such as 
high-energy physics, solid-state physics, astrophysics, and the ther
modynamics of irreversible processes. The view expressed by 
well-known physicists at the end of the last century that physics is 
an almost completed science· has been thoroughly refuted by real
ity, and no one would seriously make such a claim today. 

The cause for this development lies principally in the connection 
between physics, technology, and material production, that is, the 
development of physics and the significance of this development 
are socially conditioned. Other causes are doubtlessly also to be 
found in the system and logic of physics itself and also in the de
mands made on it by other sciences. The decisive philosotJhical 
basis for analyzing this question is materialist dialectics, the science 
of the most general relations of structure, motion, and develop
ment in nature, society, and thought. The elaboration and success
ful application of materialist dialectics by Marx, Engels, and Lenin 
were truly great achievements. The inseparable unity of material
ism and dialectics - the two necessary sides of a monistic, consis
tently scientific world outlook - essentially determines the new 
quality of Marxist-Leninist philosophy. 
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Materialist dialectics is the result of philosophical generalization 
of scientific knowledge and practical experience. If the laws and 
theories of the individual sciences are to reflect objective reality ap
proximately and adequately, • they must replicate the objective dia
lectics of nature. The dialectics of the process of cognition is ex
pressed in the nature of the questions raised, and in the approach 
and method of scientific activity. Engels commented one hundred 
years ago: "Dialectics divested of mysticism becomes an absolute 

. necessity for natural science!'l 
Lenin, in his polemics with the "physical" idealism (see chapter 

2, section 2) widespread among physicists and philosophers at the 
beginning of the century, comes to the conclusion: "It is mainly 
because the physicists did not know dialectics that the new physics 
strayed into idealism. ,.2 And further on he continues: 

In short, the "physical" idealism of today, exactly like the "phys
ioloaical'' idealism of yesterday, merely signifies that one school 
of natural scientists in one branch of natural science has slid into 
a reactionary philosophy, being unable to rise directly and at 
once from metaphysical materialism to dialectical materialism. 
This step is beina made, and will be made, by modern physics; 
btrt it is advaocina towards the only true method and the only true 
philosophy of natural science not directly, but by zipap, not 
comcioualy, but instinctively, not clearly perceivina ita "fmal 
ioal," but drawina closer to it aropinaly, unsteadily, and some
times even with ita baclt turned to it. Modern pbyska is in travail; 
it is aivina birth to dialectical materialism. The process of child
birth is painfut.3 

The development of physics bas fully confirmed both these state
ments. We see here once again that Marxist-Leninist philosophy, 
as a world view, epistemology. and methodology. provides a phil
osophical foundation for scientific activity. It is now important. 
however. that materialist dialectics be consciously made the basis 
of our activity in every field and that it be applied not only con
sciously, but with skill in the analysis of natural science, and more
over, from the very outset. 

•The term t~d~quflte, in the philosophical sense used here, denotes a truth content 
correspondina to the appropriate dCIJ'ee of approximation, depth, and complete
ness required for the laws and theories to be used in a meaninaful way. 
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1. Materllllbt Dilll«dcs and th• Devnopmmt of Physics 

In dealing with the relation between production and science from a 
historical viewpoint. Engels writes: "If. after the dark night of the 
Middle Ages was over, the sciences suddenly arose anew with un
dreamt-of force. developing at a miraculous rate. once again we 
owe this miracle to production. ,.4 Here. Engels is emphasizing the 
gigantic development of science that accompanied the emergence of 
the capitalist mode of production. The industrial revolution in the 
eighteenth and nineteenth centuries. as a unity of a technological 
and socioeconomic revolution, correspqnded to the fundamental 
change in the social mode of activity as the necessary product of the 
change in the means of production. And this is what Engels meant 
when he said that a social rieed drives science forward much more 
quickly than ten universities together. 

Since then. material production and science have become more 
and more interwoven. Without the knowledge acquired by science, 
modem production is unthinkable. science could never have devel
oped the way it did without the close linkage between technology 
and production. Examples of this are the connection between the 
utilization of nuclear energy and the development of the theory of 
relativity, the connection between modern electronics and quantum 
physics. and the use of electrical energy and electrodynamics. All· 
important here is the interrelationship. On the one hand. problems 
for science arising out of the development of production, and the 
solutions to these problems, lead to the further development of 
science. On the other hand. science embraces knowledge. which is 
applied sooner or later. directly or indirectly. to production and 
thus helps develop the latter. The ~lation between production and 
science therefore luzs a dialectical and contffldictory character and 
thus acts as a driving force for both science and production. 

As a result of the close and direct link between science and 
production in our time, the socially conditioned character of sci
ence has become more marked and the social element in science is 
expressing itself more clearly. a development which impressively 
confirmed Engels' analysis: 

Only conscious organisation of social production, in which pro
duction ·and distribution are carried on in a planned way, can lift 
mankind above the rest of the animal world as reprds the social 
aspect, in the same way that production in aeneral has done this · : 
for manltind in the specifically bioloaical aspect. Historical evo
lution makes such an orpniaation daily more indJapensable, but 
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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 particularly natural science, will ex
perience an advance that will put everything preceding it in the 
deepest shade. 5 • 

Without going into greater detail about the relation beiween science 
and society (see chapter 1), we can state that the decisive cause for 

· the development of science is its dialectically contradictory rela
tionship to material production, whose character is determined by 
the given social system. Another cause for the development of 
physics lies within physics itself, in its essence, namely, in the func
tion it fulfills for other sciences. 

We can explain this with the help of two examples. 
1. Newtonian mechanics assumes the validity of the Galilean re

lativity principle, according to which the laws of mechanics have 
the same form in all inertial systems moving at constant velocity 
relative to one another. This means, in particular, that with a suit
able choice of the relative. velocity tl of the inertial systems S and S' 
we find that from the Galilean transformation 

x' =x -vt; t' =t, 

we can obtain any velocity dx'ldt from any other velocity dxldt. 
To be free of logical contradictions the Galilean relativity princi

ple must also hold for the propagation of effects. Velocities of 
propagation v > c (c is the velocity of light in free space) must also 
'be possible. When applying the Galilean transformation to the 
wave equation resulting from Maxwell's theory of electromagnetic 
fields in free space 

we must allow for the possibility of a variable velocity of light. But 
in Maxwell's theory, the velocity of light is a constant and can be 
calculated from the electric and magnetic constants for free space. 
Th'is means that Maxwell's equations are incompatible with the 
Galilean relativity prjnciple. Voigt and Lorentz, on the other hand, 
proved that Maxwell's equations are Lorentz-invariant, that i~, 
,they retain the same form when the special Lorentz transformation 
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,., x -vt , , t' t -vxfc2 .., -:;====:::=:=:= . y - y . z - z . -- -:r===':=:=== 
tt-v2fc2 ' - ' - ' - Y1 -v2fc2 

is applied to transfo~ the inertial system s into an arbitrary iner
tial system Sf moving with a velocity v relative to S. This means 
that the velocity of light in free space is a maximum for the propa
gation of effects. 

Here is a logical contradiction in the form of p and not p. Ac
cording to the principle of the noncontradiction, v > c and v < c, 
two logically contradictory statements, cannot be true at one and 
the same time. This contradiction was resolved by Michelson, who 
experimentally proved that v ~c. Einstein dealt with the problem 
theoretically in the special theory of relativity. According to the 
Einstein relativity principle, the laws of physics have the same form 
in all inertial frames moving at constant velocities relative to one 
another. The maximum speed for propagation of effects is inde
pendent of the frame of reference and is finite, that is, it is con
stant. 

This means that Newtonian mechanics, which has proved itself 
valid in so many cases, is not false in all cases. It continues to be 
valid for speeds very much less than the speed of light. However, if 
the speeds are comparable to that of light, then its statements do 
not correspond to reality and must be replaced by relativistic me
chanics. The connection between both theories is seen from the 
fact that the old theory (Newtonian mechanics) is contained in the 
new theory (relativistic mechanics) as a special case for v << c and 
that for v < < c the Lorentz transformation goes over into the 
Galilean transformation. This can be summarized in the following 
diagram: 

Newtonian mechanics 
> Vtheor=c 
< 

Invariance with 
respect to the 
Galilean transformation 

Maxwell's electrodynamics 

Vtheor ~ c 

Invariance with 
respect to the 
Lorentz transformation 

This logica,l·contradiction is resolved in favor of v ~ c, the decision 
being based upon practice (experiment) as a specific form of the 
criterion of truth. Relativistic mechanics is founded on this basis. 

In this case, the starting point for the new theory was the logical 
contradiction between statements of two physical theories, in the 
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final analysis between the possibility of a velocity v > c, in accord
ance with Newtonian mechanics, and the experimentally confirmed 
statement v ~ c. 

As reality was here, too, the criterion for the truth of scientific 
knowledge, it resulted in a theory which better reflected this reality, 
i.e., rdativistic mechanics. The ratio vic can be considered the 
measure of the new quality. In this way, relativistic mechanics is a 
dialectical negation of Newtonian mechanics, because it sublates it, 
overcomes it, and at the same time maintains it as a special case. In 

· other words, it is a higher level of o.ur cognition of reality. The new 
theory, however, also goes beyond the old, e.g., with the Einstein 
mass-energy relationE =m · e2,which has no equivalent in the old 
theory. At the same time, this advance in knowledge is also a step 
forward in unifying the theoretical foundations of physics. 

2. The radiative power P of an accelerated moving electrical 
point charge Q is described in Maxwell's electrodynamics by the 
equation 

p =Po Q2a2 
6n 

According to this equation, an electron orbiting the atomic nucleus 
should radiate electromagnetic energy and fall into the nucleus in 
about to-1 r seconds - in contradiction to all our experiences with 
regard to the stability and structure of atoms. Other facts, such as 
the existence of discrete spectra and the photoelectric effect, gener
alize and strengthen the contradiction between the statements of 
the theory and experimentally confirmed knowledge. As in the first 
example, here, too, practice is the criterion for the truth of a scien
tific statement. Experiments showed that all attempts to modify 
electrodynamics failed to produce a real correspondence with ex
perience, so here one must conclude that the contradiction between 
theory and experiment results from the application of the laws of 
classical point-mass mechanics to the motion of electrons in the 
atom. The solution of this problem led to the devdopment of 
quantum mechanics. This theory is in good agreement with exper
iment. It leads to far-reaching new knowledge and also to the uni
fication of the theoretical foundations of physics. 

From a philosophical and epistemological viewpoint it is signif
icant that Bohr, de Broglie, SchrOdinaer, Heisenberg, and other 
physicists who played an important part in working out the foun
dations of quantum theory, based themselves on· the following 
principle: for high quantum numbers, the laws of quantum theory 
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should go over into the corresponding laws of macrophysics. Quan
tum physics grasps reality more deeply and comprehensi>'ely than 
macrophysics; it is a higher level of our knowledge about reality. 
As a dialectical negation, the quantum theory goes beyond macro
physics and at the same time embraces it as a special case. Anal
ogous considerations also apply to relativistic quantum mechanics, 
quantum electrodynamics, and other physiCal theories, as well as to 
developments in physics which arc stimulated mainly through other 
sciences. An example of the latter is the development of the ther
modynamics of irreversible processes far from equilibrium. Re
search in this area was stimulated in part by investiptions into the 
physical-chemical foundations of life processes, for which the tra
ditional equilibrium thermodynamics was too narrow. 

In the following, we summarize and generalize the common fea
tures of these cases. An important cause for the development of 
physics is the contradiction between various physical theories or be
tween theory and experiment/experience. It is important to note 
that these contradictions do not arise out of reality, i.e .• out of the 
physical objects themselves, but are an expression of the historical 
nature of our cognition, which ever more deeply and completely 
reflects objective reality. Thus, these contradictions are the cause 
and driving force of the advance in our knowledge. 

The contradictions are often formulated as questions, problems, 
or paradoxes which cannot be completely solved within the 
framework of existing theories and arc the object of intense re
search. Therefore, it would be wrong to see them simply as defects. 
They are necessarily linked with the development of our cognition, 
which takes the course of recognition and solution of these contra
dictions. "Interesting in these inner contradictions is· that on the 
one hand they limit the usefulness of the given theory only very 
little, but on the other hand, make the fundamental shortcoming of 
the theory clear. "6 It is important to note that new knowledge de
velops not in absolute separation from the old, but on the basis of 
it, that is, new knowledge sublates the old dialectically, as is ex
pressed in the correspondence principle: Every more general theory 
with claims to being true must contain the corresponding less gen
eral theory as a special case which embraces reality correctly in a 
certain area of validity. 

This gel\eral scientific principle is a good example of the negation 
of the negation in the development of physics and in our cognition 
of reality as a whole. It has great significance both for teaching 
(embodies the unity ofthe historical and the logical; shows why the 
extension of a corresponding theory is necessary and how it can be 
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achieved; demonstrates the connection between various theories, 
etc.) and research (in formulating a new theory, one must verify 
that its assumptions lead to the substantiated conclusions contained 
in the old theory). 

One possibility for classifying physical theories on the basis of 
their quality or place in the historical development of nature is by 
the natural constants typical for them. These make clear the new 
quality - as Engels had already noted - the differences of one 

. theory from other theories as well as their interconnections, in line 
with the correspondence principle, that is, they express in a specific 
way the dialectical unity of continuity and discontinuity in the de
velopment of our cognition. In this spirit, the development of phys
ics was represented by Strauss by the following diagram. 7 

aravitational 
theory 
(Y-c-theory) 

relatlvistic 
quantum theory 
(h-e-theory) 

aenerallz.ed quantum 
--- Jield theory ~· 

(h-e-Y-theory) 

elementary particle 
--. theory ~· 

(h-c-1-theory) 

These considerations and examples show that physics developed in 
line with the. general law of the unfolding and overcoming of con
tradictions. Materialist dialectics in its totality provides us with the 
philosophical explanation. Its laws substantiate and explain our 
continually growing knowledge about objective reality. New con
tradictions develop at every higher level of our knowledge which, in 
turn, are the staning points for the further development of physics. 
Lenin points this out when he writes: "In the theory of knowledge, 
as in every other sphere of science, we must thin.k dialectically. that 
is, we must not regard our knowledge as ready-made and unalter
able, but must determine bow knowledge emerges frotn ignorance, 
how incomplete, inexact knowledge becomes more complete and 
more exact. "8 This emphasizes the philosophical-epistemological 
significance of materialist dialectics for a truly scientific approach 
to teaching and research. 
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2. Materlllllst Dlakctks and the Subject Matter of Physics 

"Nature is the proof of dialectics, and it must be said for modern 
science that it has furnished this proof with very rich materials in
creasing daily, and thus has shown that, in the last resort, nature 
works dialectically and not metaphysically."9 What Engels says 
here for nature in general applies to physics .in panicular. In the 
following, we will discuss important examples which show that the 
objective reality embraced by physical science has a dialectically 
contradictory character and consider how this is reflected in scien
tific cognition. 

1. An object is determined by its difference from, and simultan
eously its relationship to, other objects. This is expressed by the 
concept interaction (section 4, this chapter), which embraces iden
ticalness and difference in a specific way. Because in physics it is 
not objects as such, but objects in their relationship to other ob
jects, that is, in their law-governed connections, that are the subject 
of investigation, their dialectically contradictory character must be 
reflected in their scientific description. This is what Engels meant 
when he said that grasping things dialectically is nothing more than 
seeing them in their own interconnections. This is seen in physics 
through such concepts as force, mass, charge, and field, and above 
all in the fundamental laws and conservation principles. . 

Funhermore, in the individual branches of physics typical pairs 
of opposites appear. · In mechanics, attraction and repulsion; in 
electricity, positive and negative electric charge; in high-energy 
physics, particles and antiparticles, etc. These are only a few exam
ples of what Marx called the two.: fold nature of objective reality. It 
has been principally in the r~eld of high-energy physics that this re
cognition of the unity of self-causation and self•exclusion of real 
contradictory relations acquires great scientific methodological sig
nificance. Thus, it can be shown that for every elementary panicle 
(except the photon, the neutral pi-meson, and a few other mesons) 
a corresponding antipanicle exists. Panicles and anti panicles have 
many properties in common, such as mass, spin, isospin, and life
time. This expresses the unity of opposites - the opposite poles in 
an interconnected system. They differ in properties characterized 
by chargelike quantum numbers (for fennions we have to include 
the parity); t~e magnitudes are equal, the signs are opposite. "In 
the philosophical sense, both panicles of the pair are antipanicles 
to one another; to be an antiparticle is not the exclusive property of 
a particle, but expresses the mutually negative relationship of each 
particle of the pair.'' 10 
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A mechanical approach to the unity of opposites must, however, 
be avoided. As Stiebler comments: 

It is correct that every phenomenon must be seen as a unity of o~ 
posites, but it is wrona to say that every ·cllartcteri.stic of a phe
nomenon must be matched by an opposite characteristic within 
the very same phenomenon. This statement says DOthina about 
the fact that by no means do all possible c:ontradktions constitute 
a unity, and that the existf.na opposites differ accordina to their 
particular weiabts or dominance. If one does not talte this into 
account, an eclcctical " on the one bapd, on the other band" in
evitably resulU, which does not take us one step further toward 
acquirina knowledae of reality and transformin& it, but proves to 
be a bla obltacle, because it replaces concrete analysis with 
jaraon.ll . 

The metbodoloaic:al signifJCaDCe of the basic principles of material
ist dialectics is thus diJplayed. Materialist dialectics provides the 
means for understanding both the value and limits of the methods 
employed in the individual sciences and thus helps us to aeneralize 
philosophically the fundamental knowledae of the individual 
sclences. TbiJ is why trainina in dialec:tical thinkina and the con
scious applieation of dialectics are of such importance. 

2. A further important form of phenomena in physics is the 
unity and struale of opposites in static and dynamic equilibriums. 
In a solid body, for example, the internal forces among the elements 
operate in aa:ordance with the law of action and re.ction by pain, 
mutually cancel.linJ each other so that a balance of opposites exilta. 
1bus, a static equilibrium follows u a nec:easary condition for the 
body. In the cue of a dynamic equilibrium, which is of peat im· 
portance in thermodynamics, cbemical reactions, crystal physics, 
etc., there is continual motion in the form of an exchange of the 
elements of the system without the state of the system being 
chanaed in every case. In all fields of physics, states of equilibrium 
play an important role. Therefore, we will discuss some aeneral 
questions about the subject. 

When we consider a state of equilibrium, the aspects of rest and 
stabiUty come to the fore. If we further consider any definite ob
ject, we assume that it is in equilibrium with res~ to its differ
ences with other objects for a longer or shorter time. This is how 
the structure and relative stability of objects embrace the unity and 
strugle of opposites in a way that is characteristic of the objects. 
The unity of these contradictory sides determines the quality and 
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stability of the objects. This is a specific expression of the pbil
oaophical cognition of the unity of matter and motion, the W:t that 
in reality there are no absolutely closed systems and that the equal
ity of opposites always lies within certain limits, that only dy
namic equilibriums exist in objective reality. In physics, a dynamic 
equilibrium is an important and relatively independent form of dia
lectical contradiction. A static equilibrium turns out to be the ex
ternal appearance of a dynamic equilibrium, every equilibrium car
rying within itself the tendency for its own sublation. Here, too, 
we see that the unity of opposites is relative, but the strugle be
tween them, absolute. Hence, a dynamic equilibrium includes mo
tion, and the presence of this motion does not initially lead to the 
destruction of the equilibrium within the boundaries of which this 
motion occurs. 

This approach to the problem of equilibrium is not only con
fmned by the pbilosopbic:al aeneralization of our physical knowl
edge, but bas proved useful for copition in the microworld. Here 
are some examples: . 

a. The existence and relative ~tability of atomic nuclei is at· 
tributed to the interaction between the nucleons and the vir
tual pions of the nuclear field. A continual exchange of 
pious takes place. Tbe neptive pion can only be emitted bY. 
a neutron and ablorbed by a proton, the positive pion can 
only be emitted by a proton and absorbed by a neutron. 
Durin& this exchanp process, the protons and neutrons are 
transformed into one another. 

b. The emission and absorption of photons- the quanta of 
the electromqnetk fldd, in a state of dynamic equilibrium, 
determine the quality and stability of electrically cbaraed 
particles. 

c. The chemical covalent bond is explained in terms of the ex
chanae reactions involvin.J the valence electrom of the 
atoms in the bond and is a consequence of the indistin
guishability of the electrons. 

3. Temporal chaqes in the state of physic:al systems are em
braced by equations of motion. The contradictory character of 
motion, understood both as temporal chanae of place and change 
of state, is a further expression of the dialectical nature of the ob
jectively exi~tina physic:al world. A remark by Engels, based on a 
statement of Heael, is of fundamental importance for an under
standing of this problem: "Motion itself is a contradiction: even 
simple mechanical change of position can only come about 
through a body being at one and the same moment of time both in 
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one place and in another place, beins in one and the same place and 
also not in it. And the continuous origination and simultaneous 
solution of this contradiction is precisely what motion is. "12 

If we accept the concept that motion, ~hich in philosophy de
notes any chanae, is the general mode of existence of matter, it then 
follows: 

a. that general motion exists in concrete forms-in physics as 
mechanical motion (displacement), as change of state, as 
transformation of elementary particles, etc.; 

b. that the philosophical concept of motion cannot be reduced 
to one of its concrete forms; · 

c. that the source of motion is the dialectical contradiction 
existins within all things, so that they need no external im
pulse - motion is brought about ·by self-movement. 

Quantum physics made it particularly clear that motion is insep
arably connected with physical objects, a fact which is expressed in 
its conceptual apparatus and mathematical representation. Thus 
the physics of the microworld has led to a deeper understanding of 
this connection, which must now be a fundamental pan of every 
theory. 

4. Motion in general includes development. The historicity of 
the laws of nature in the domain of the physical sciences is bound 
up with the historicity of all of nature. Research into this question, 
at the present state of knowledge, is the task of both philosophical 
and physical research. Investigations in this direction are called for 
because the philosophical questions connected with the theory of 
development are of growing importance, not only for an under
standing of society, but also for other fields, such as biology and 
geology, as well as for physics. An interesting and imponant com
ment on this question was made by Engels: "It is true that nature 
was obviously in constant motion, but this motion appeared as an 
incessant repetition of the same processes. Kant made the first 
breach in this conception"• and thus shattered the idea that "na
ture had no history in time."l3 And elsewhere he says: " 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. "14 

To illustrate how questions of development are aaining impor
tance in physics, too, we can consider a problem in cosmology. 

•Kant's nebular theory, first published in 177S, that cosmic bodies originated fr.om 
rotating nebular masses. - Authors 
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Cosmological models of evolution constructed on the basis of gen
eral relativity theory have been confi.rmed to a cenain degree ,by the 
observation of the red-shift in the electromagnetic radiation emit
ted by galaxies. According to this model, the universe is expand
ing. If one now assumes that this law is eternal and operates con
tinuously in the same manner, then, by calculating back twelve to 
fifteen billion years, we arrive at the so-called cosmic singularity 
and thereby encounter a contradiction with Einstein's equations. 
This is declared by idealists to be "proof of the Creation." Phys
icists, however, can provide an explanation that coincides with 
Marxist-Leninist philosophy and· in particular with its conception 
of development. Accordina to Hans-JUrgen Treder, a specialist on 
general relativity, "This contradiction leads us to the conclusion 
that either the state of matter in outer space was very different sev
eral billion years ago, so that the assumptions about the physical 
state of the cosmos become invalid, or that the simple identirteation 
of the mathematical quantities of relativity theory with measurable 
astrophysical ones, which form the basis of the world models, is 
not correct for an arbitrarily large period of time."lS Thus, we 
would conclude that a cosmic singularity is a sian of the historicity 
of the natural laws, whereby qualitative changes in the interconnec
tions arise from changes in the conditions. If the unity of cosmic 
physics and terrestrial physics is taken into account, then it is clear 
that the significance ~f this problem goes far beyond this example. 

All these considerations emphasize the fundamental importance 
of materialist dialectics for physical theory and the th~ry of devel
opment. and for the physical world that is the subject matter of 
these theories, and they confirm the words of Frederick Engels that 
dialectics as a science and method is "an absolute necessity for nat
ural science." 

One fundamental task of science is to acquire knowledge of reality 
and, on the basis of this knowledge, to cJtanse it for the welfare of 
humanity. Knowina and chansing have to be understood as a dia
lectical unity which is realized in the activities of human beings. As 
laws are the foundation of purposeful human activity, scientific 
cognition aims, above all, at discoverina these laws, whereby "the 
concept of law is one of the stages of the cognition by man of unity 
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and connection of the reciproc:al dependence and totality of the 
world process!•l6 

However, it is impossible to know the world u a whole and all at 
once, let alone throuah mere observation . . We are confronted with 
reality always in the concrete form of individual objects, processes, 
and phenomena, and the tuk of scientific cop.ition is to find the 
general throush the investiption, analysis, and study of the indi
vidual. This is a veey difficult tuk, and the history of science 
shows us what huae and often tiresome efforts are needed. 

For the investiption of individual thinaa and phenomena it is of 
particular interest to know what their relation is to other thinaa and 
phenomena; bow they mutually condition and determine one 
another, what causes them, what their characteristics and proper
ties are, and what laws apply to them. In Marxist-.Leninlst pbiloa
opby, this tuk is the subject matter of dlolecttcal determinism, 
th philosophical theory of uni~f'!tll interconnection~ of th gen
eral i:ondition«<MSS and the intertiCtion of all pltenomen~~, includ
ing th extsmtce and action of th ~l!l'al and Jpeciflc laws of 
1tt1tun, society, and thought. 

This definition of dialectical determinism shows tbe clole con
nection between Marxist-Leninist pbllosopby and the individual 
branches of science. Questions such u that of the place of the hu
man beina in a deterministic world. the freedom of human action, 
and the possibility of scientific prediction, have always played an 
imponant role in the development of science and have always been 
the subject of disputes involviq different world views. 

The mation between determinism and sc:ienc:e is many-sided. We 
should draw attention here to three particularly imponant aspects 
of this relationship: 

1. The results of scientific investiptions of definite processes 
and interconnections establish their deterministic nature and thus 
constitute an enrichment of our knowledae of the objective deter-
mination of thinas and phenomena. · . 

2. Only on the basis of such comprehensive and scientifically 
confmned material about the objective connection of things and 
phenomena can philosophical analysis and aeneralization be em
ployed to develop a scientific view of determinism, which, in tum, 
provides a decisive epistemoloak:al and metbodoloai&ll basis for all 
research in any individual sciet1tific r~eld. 

3. The social conditions must demand .. the elaboration of a sci
entific world view of which the scientirlC view of determinism is a 
part."l7 
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The above also applies to physics. We will now take a closer look 
at what this means for two problems in the development of physics 
and its relationship to philosophy. 

When Copernicus, Galilco, Kepler. Newton. and others elaborated 
mechanics, they created a physical theory which embraced a larae 
number of d.ifferlna phenomena. In the centuries which followed, 
this theory proved veey successful. We recall here only the predic
tion and subsequent discoveey of the existence of the hitherto un
known planet Neptune and the application of the laws of mechan
ics for the construction of machines, projectiles, briclaes, etc. These 
achievements led to attempts to apply Newtonian mechanics, with 
its materialist and epistemoloJ{cally optimistic, but specific funda
mental, position, to other sciences. These attempts failed, and they 
showed that it is unjustified to raise Newtonian mechanics to the 
rank of a philosophical principle and apply it to all reatity, u was 
done in mechanical determinism. Laplace expressed the proaram 
of mechanistic determinism in the foUowina weD-known statement: 

Given for one inltant an inteWaenee which could comprehend all 
the forces by which nature is animated and the respective situ
ations of the beinp who compose it - an intelliaenc:e sufficiently 
vat to submit tbele data to analysis - it would embrace in the 
same formula the movemeots of the areatest bocUa of the uni
vene and thole of the Uahtest atom; for it, DOtbfna w~ be un
certain and the flltUre, u the put, would be praent to lu eyes. 
The human mind offers, in the perfection which it bu been able 
to Jive to astronomy, a feeble idea of this intelJiaenc:e. Ita discov
eries in mechanics anclJOOmetry, added to that of universal arav
ity, have enabled it to comprehend in the Wile aulytkal expra
sioos the put and future lWei of the system of the world.18 

Accordina to this view. reality operates with simple and direct 
necessity. All processes and phenomena, whether in nature or so
ciety, are linked tbrouah an absolute necessity, in accordance with 
the laws of Newtonian mechanics and can be accurately predicted 
-at least by-Laplace's demon. The world is like a machine with an 
unchanJing proaram which works by purely mechanical law.. Fr~ 
dom does not exist, and the human befna, at every moment of exis-: 
tenc:e. is .. notb.inJ more than a passive instrument in the bands of 
necessity. " 19 
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This example represents a world view which was philosophically 
both progressive and revolutionary (namely, one that would ex
plain all thinas and phenomena through their natural causes) and 
was very important for the development.of physics and science. It 
can, however, turn into its opposite and become an obstacle for 
further progress. 

It was Engels, above all, who discovered, criticized, and over
came the limitations and shortcomings of mechanical determinism. 
He discussed the problem in numerous writings and developed the 
basic features of a dialectical-materialist conception which bas been 
confli'IIled in the course of its futtbef development, particularly in 
the field of physics. Thus, the statistical character of the laws of 
quantum mechanics conr1rmed Enaels' statement that it is not per
missible to equate precise prediction with detel'll\ination. 

The possibility of prediction - the aim of every science and the 
expression of the knowabillty of the world - is a consequence of 
the law-aoverned structure of objective reality. Thus, one can say 
with absolute certainty that an object thrown into the air will accel
erate as it returns to earth, that a spontaneously induced cbanae of 
state which takes place in a closed system is irreversible and is 
linked to an increase in the entropy of the entire system, etc., even 
thouah it is not possible to predict with mathematical precision 
every sinale process in terms of a complete quantitative description 
of all effects. 

No science can set itself the task of investipting every phenome
non, every effect accompanyina a particular individual process. As 
Engels said, that "would be no longer science but pure t.riflina. " 20 
What is important is the knowledge of laws that make accurate pre
diction possible. The form of the prediction is determined by the 
type of connections and the character of the laws. Moreover, we 
must not equate the method and special forms of arriving at knowl
edge with the characteristics of the object under investigation. 
This distinction bas played an important role in overcoming me
chanistic views in physics. 

Enaels' arguments aaainst mechanical determinism were based 
on his familiarity with progress in physics and depth of philosoph
ical understanding, and to this day are a model for philosophical 
analysis of developments in natural science. In this connection, we 
should stress two points that are important for research or teaching 
in physical sciences. 

1. The relation between philosophy and a particular branch· of 
science is not so simple that the results obtained in that science can 
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be raised to the rank of philosophical principles through mere ex-
trapolation. · 

In chapter 1 we described why ·progress in scienee is of funda
mental importance for the development of Marxist-Leninist philos
~~hy, and why an understanding of Marxist-Leninist philosophy 
JS lDlportant for every scientific activity, providing as it does a me
thodological, epistemological, and ethical foundation that bas been 
theo~etically substantiated and tested .by practice. That is why . 
physics cannot take over the tasks of philosophy, or vice versa. One 
must distinguish clearly between the subject matter and the 
specifics of both philOSC!phy and physics. The use of philosophical 
terms does not necessarily mean that one is philosophizing. Great 
care must be taken when usina terms such as space time motion 
Ia~, and interaction, which are used in both physics and 
philosophy, because they do not have identical meanings in the two 
~~- . 

2. Practice must always be the starting point and touchstone of 
our knowledge. · 

In scientific work we must uncover the laws and connections ac
!uaUy existing in reality through analysis and investiption and not 
lDlpose them on reality from without. This is an inalienable materi
alist position of research into nature. Max Planck described this 
viewpoint with the words: "It is of paramount importance that the 
outside world is SOJiletbina independent of man, something ab~ 
lute, and the queat for the laws which apply to this absolute a~ 
peared to me as the most sublime scientific pursuit in life. "21 

.0~ the basis of ~bysically unverified and philosophically imper
JDJSSible extrapolation of some ideas and connections valid for me
chanics, mechanical determinism put a constraint onto the whole of 
reality which in no way corresponded to it. As Engels comments 
"The world clearly constitutes a sinale system, i.e., a coherent 
whole, but the knowledge of this system presupposes a knowledge 
of all nature and history, which man will never attain. Hence be 
w~o make~ sys~em~ mul! fill in the countless saps with figments of 
hiS own tmagmatton, a.e., ensaae in irrational fancies ideol
ogies. "22 <;nticizi~ such a view elsewhere, be says, ''If 1 i~clude a 
shoe-brush In the umty mammals, tbis does not help it to get mam
mary slands:"23 
How~ver, we sh?u.ld emphasi~ ~ere that the shortcomings of 

mec~amcal .detemunJSm do not he m Newtonian mechanics, nor 
can 1~ be claim~ ~at Newto~an mechanics "corresponds" to me
cbarucal dete11Il1111Sm (see Roseberg, Determinismus und Physik). 
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The beginninp of a mechanical world view go much further back 
in time than Oalileo, Kepler. Newton, etc. The Greek natural phi
losophers of antiquity attempted to explain the world in terms of 
only a few principles. The Atomists tried to explain all processes in 
terms of atoms and empty space alone, an approach that is clearly 
mechanistic. In the Middle Ages, there were attempts to explain 
the world in a purely mechanical way, i.e., through the mechanical 
motion of bodies in Euclidian space. At no time, however, was it 

·possible to find a satisfactory picture of nature which permitted a 
unified scientific view embracina all processes of motion. Only 
when Newton succeeded in desc:ribina the basic laws of his mechan
ics in exact mathematical formulas, and applied them succ:essfully 
to a variety of processes, was it believed that this goal had been 
achieved. 

In his 1686 preface to The MatMmatlcxzl Principles of Natul'al 
Philosophy, Isaac Newton states that " the whole burden of philos
ophy seems to consist in this-from the phenomena of motions 
to investigate the forces of nature, and then from these forces to 
demonstrate the other phenomena." After referring to his deriva
tion of the .. forces of gravity" from " the cekstial phenomena," 
he adds: ''I wish· we could derive the rest of the phenomena of Na
ture by the same kind of reasonina from mechanical principles, for 
I am induced by many reasons to suspect that they may all depend 
upon cenain forces . • . • 1bese forces beina un.lcnown, philosoph
ers have hitherto attempted the search of Nature in vain: but I hope 
the princiPles here laid down will afford some light either to this or 
some truer method or philosophy. • • 24 

The laws of Newtonian mechanics explain certain interconnec
tions of objeCtive reality, and they continue to be valid under cer
tain circumstances. Mechanical determinism, with its unified me
chanistic mode of thinking, makes relative knowledge impermiss
ibly absolute with reprd to both the ranae of validlty and its accu
racy, and gives a conceptually one-sided description of objectively 
existina interconnections. 

In st.&tin1 this today on the background of our present knowl
edge, we do not remain oblivious to the historical importance of 
that view.2S 
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A second area in which determinism is a much clisc\Wed subject, 
and has led to lively exchanges between philosophers and physi
cists, is quantum mechanics. Althou&h the shortcomings of me
chanical determinism had been revealed by Marx, Enaels, and 
Lenin, this view was still held among philosophers and was fairly 
widespread among physicists. The ideal situation was considered 
to be one in whkh nature was described and explained in terms of 
isolated objects in absolute motion with the least possible distur
bance of the actual physical processes by instruments, etc . . This 
aoat was considered to have been achieved if it was possible to ex
press the law in the form of mathematically exact, nonstatistical 
laws accordins to the model of Newtonian mechanics. We can 
make this approach clear by citing the foUowina comments. by two 
outstanding physicists. 

The fust is Max Planck: " 'lberefore, in my view, as a postulate 
of physical science it is definitely in the interests of a healthy devel
opment to reckon with the strictly cauSal character of a law, and 
not at all only with the existence of a law, as is usually done up to 
now, and to consider the aim of research not to have been reached 
until every observation of statisticill laws has merged into one or 
several dynamic laws. "26 

The second is Albert Einstein: "I am, in fact, fmnly convinced 
that the essentially statistlcal character of contemporary quantum 
theory is solely to be ascribed to .the fact that this theory operates 
with an incomplete description of physical systeinJ . • . .. What 
does not satisfy me in that theory, from the standpoint or principle, 
is its attitude toward that which appears to me to be the program
matic aim of all physics: the complete description of any (individ
ual) real situation (as it supposedly exists irrespective of any act of 
observation or substantiation)."27 

The fact that exact predictability was demanded after the pattern 
of Newtonian mechanics and was considered an expression of de
terminism shows that the attitudes of mechanical determinism still 
prevailed. However, the laws found in the quantum domain bad a 
different structure and did not all agree with this demand. A wide 
discussion_ensued, from which it subsequently became clear: 

a . that mechanical determinism cUd not correspond to the new 
physical discoveries and was not a suitable philosophi~ 
foundation for understandina them; · 

b. that the form of connection in the laws of Newtonian 
mechanics is not valid everywhere, from which it can be 



84 3. Materialist Dialectics and Physics 

concluded that differing forms of connection exist in qu&l
itatively different areas of objective reality; 

c. that Marxist-Leninist philosophy, and dialectical determin
~m in particular, could provide an .appropriate philosoph
leal foundation for interpreting these scientific discoveries. 

4. Tht Problem oflnt•racdon 

The focal point of dialectical determinism is the problem of inter
action, that is, the Marxist-Leninist view of law and causality. This 
problem is playing an increasingly important roJe in physics. 
Among the problems encountered are: the determination of force 
as a quantity of interaction; the law of action and reaction; the in
teraction between object and instrument during measurement· and 
the vari~us forms of interaction, namely, tbe gravitational, el~ro
magneuc, weak, and strong interactions and their relation to con
servation laws and symmetry properties. This is why physics shows 
such a strona interest in the problem of interaction. If one remem
bers that the world consists of one interconnected whole that the 
various things and phenomena are reciprocally related t~ one an
o~er, that an important talk of science is, precisely, to disclose 
these connections, then this interest is neither surprisina nor is it 
limited to physiCists. 

The reason for the philosophical interest in the problem of inter
action is the well-established knowledge that the world is an inter
connected whole, that various thinas and phenomena do not exist 
in isolation, but influence each other, mutually condition and de
termine each other, that all phenomena are embedded into the uni
versal connection, which, in tum, is differentiated and structured 
through laws and causal relations. It is therefore understandable 
that Marx, Enaels, and Lenin aired detailed views on this question 
in their polemics aaainst mechanical determinism. In its place they 
proposed a dialectical view of determinism on the basis of which we 
can describe the philosophical concept of int~action as follows: 
The conctpt of interaction in Marxist-Leninist philosophy contains 
~he universal and fundamental interconnection (that IS, not reduc~ 
tble to other relations) of material objects which tiffect each other 
in various ways, condition, change, and determine each other, and 
are therefore not isolated but exist in reciprocal interdependence. 

We will now discuss this concept in greater detail. 
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1. The concept of interaction expresses the universal intercon
nection, the reciprocal interdependence and conditionedn~s of ma
terial phenomena without special limiting concretizAtion. It is 
through this universal interaction that objective reality forms a self
changing, self-preserving, and self-determining system, that is, it is 
its own cause. 

2. Interaction is universal, that is, there is no area of reality 
which is not in some way connected to other areas. These two fea
tures underline the philosophical significance of the Marxist-Lenin
ist viewpoint on interaction: the world with its many phenomena 
and changes can be understood scientifically only in a dialectical
materialist way, only on the basis of itself, that no nonmaterial 
~uses are needed to understand it, know it, explain it, and change 
lt. 

3. The epistemological and methodological importance of the 
foregoing concept of interaction is the following: What was at first 
considered undifferentiated, universal interaction is objectively dif
ferentiated into definite typeS and forms. For example, the form of 
interaction typical for society is different from that of the physical 
world. The latter can, in tum, be divided into the gravitational, 
electromagnetic, weak, and strong interactions. 

4. The qualitatively differing forms of interaction existing in ob
jective r~ty, which cannot be reduced to one another, condition 
the differentiation of matter and constitute its expression. The for
mation and existence of relatively stable material objects are condi
tioned by the existence of specific forms of interaction which link 
each element into one totality. This ftnds its expression for exam
ple, in the struCture of material objects, in their behavio; in accord
ance with laws that are characteristic of specific types of interac
tions, and in the cUalectical unity of conservation and change. 
Thus, the stability and structure of the atom are attributed to the 
strong interaction among the buildina blocks of the atomic nucleus 
and the electromagnetic interaction between the nucleus and the 
electrons, which, in their unity, determine the atom as a distinct 
material object in its difference and relation to other ob}ects. 

S. Concepts such as law, causality, and structure embrace cer
tain specific forms of interaction. Engels points out in a number of 
places that the principle of causality can only be understood as a 
general int~raction. 

6. From the universal character of interaction and the circum
stance that properties must be understood as specific types of inter
action, it follows that properties, because of their inseparable asso
ciation with interactions, are, at the same time, relative. The 
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relativity of properties also means that these can chaJlae, depending 
on the relationships within which they appear. It also means that 
there can be no absolutely faxed properties of material objects and 
processes independent of all interactions, just as there can· be no 
absolutely isolated phenomena and processes. 

This problem will be examined more closely ·later on. Here we 
wish only to point out that in the relationship between interaction 
and property, two aspects must be taken into acc:owit. When we 
say that a thing has a property, we mean, first, that this thing has 

· the ability to act on another in a certain way, that is, that it presup
poses the existence of another thiDa of .10me defmite nature. Sec· 
ond, it is through the property that the specific character of a thiDa. 
and therefore the difference of one object from another object, is 
expressed, and in this way the property is inherent in the thin&. 

At. an example, conaider the property of the wa,ht of bodies. 
Weiaht iJ the direct expression of the aravitational interaction. 
Weiaht cannot be understood in any other way exc:wt as a defmite 
relation between bodies and their effect on one another. It is aravi
tation that determines the motion of tbe sun and the planets, that 
is, of the structure we call the solar system. 

We will now deal with some questions of special importance. 

The act of measurement is an interaction between two physical 
systems, the measurina instr\QDellt and the measured object. This 
interaction causes certain information about the object to be regis
tered by the instrument, which can then be read. The entire infor
mation obtained in this way, including the theoretical and exper
imental bases and the conditions under which it was acquired, is 
considered, in physics, to be the realm of experiment. Philosoph
ically, it is very important to note that the experimental values ex
pressed in statements, such as "The ammeter reads two amperes," 
cannot be separated into true and false statements - they are true 
in every case. It is here that the materialist foundation of physics 
fands its expression: to take nature as it is, without aUen additions. 
Only in the process of generalization, of fitting the, data into al
ready existing theories, or formulating scientific hypotheses, mod
els, and theories on the basis of this information, can false state
ments be made.28 

Measurements are made on the basis of previously acquired 
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knowledge with the aim of gaining new knowledge about the inves
tigated object. The instrument ~ must be appropriate for the 
object to be measured; they must be suitable to one anot&er. This 
is because objects interact with other objects in a definite way as a 
result of their properties. The conditions of measurement are first 
faxed and then varied, and the chanaes are registered by the measur
ing instrument and recorded. It is, of course, possible that the con
ditions are not completely appropriate for the phenomenon under 
study or that the measurement is n.ot suitable or is not sufficiently 
specifiC for the particular object that is to be measured. These in
adequacies express the relativity and historical nature of our knowl
edge, but do not change the fact that the experimental values ob
tained in objective processes of interaction between the instrument 
and the object are true. 

Concrete experience or experimental activity (called practice) is 
the starting point, aim, and criterion of truth of scientific state
ments. Experimental measurements are the specific form of prac
tice in physics. 1be fact that the measurement is a specifiC interac
tion between object and instrument means that duiing the process 
of measurement, they have a reciproCal effect on each other, and 
thus both physical systems undergo change. It is precisely this 
problem that has been the subject of many discussions in physics. 
The epistemological and methodologk:al questions linked to this 
are dealt with in chapter 4. The question here is: are the properties 
for the measured object established as a result of the measurina 
process valid for that object independently of the measurement, or 
are they valid only under that special set of circu1111tances? 

In macrophysics we assume that the phenomena are independent 
of the conditions of observation, that is, the measurement, as an 
interaction ·between the object and the instrument~ is one-~dedly 
reduced to the effect of the object on the instrument. It is assumed 
that the effect of the instrument on the o~ject is nealigibly small 
because it can always be held to within prescribed limits. This as
sumption was, of course, not just arbitrarily introduced by the 

· physicists, but is based on extensive experience, as the following 
example will show. To measure the length of a macroscopic object 
a vernier caliper can be employed. The force from the caliper on 
the ends of the object changes the length of the object, so that the 
observed v~ue is not the true value of the length. If a micrometer 
is used for the measurement, the distortion will be less. One can 
also use light. Then the effect of the light pressure on the ends· of 
the object is so slight that the error in m~urement can be ianorect. 
And fanally, some more refaned instrument, unknown to us as yet, 
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may have a still smaller effect on the object. We can consider an
other example. If the temperature .of liquid iron in a furnace is 
measured with a suitable thermometer, the absorption of the 
thermal energy by the thermometer will not cause any noticeable 
change in the temperature of the iron. All mwurements in ma~ro
physics have an analogous character, which is why it was reason
able to assume that it is always possible to ignore the effects Of the 
instrument on the object being measured. Fock29 has pointed out 
a number of far-reaching consequences that are linked to this as- · 
·sumption. Let us consider some of the more important ones. 

1. If the phenomena do not depend on the conditions of obser
vation, then one can consider the properties of physical objects as 
absolute. This means that if some property is attributed to a mac
roscopic body, then the body has the same property before and af
ter the measurement. It can then be said that this property is 
always inseparable from the body, no matter what the given condi
tions of measurement are. 

2. If the properties of physical objects are absolute, then it is 
possible to divide physical processes into an arbitrary number of 
processes and refine the observation and measurement to an arbi
trary accuracy without generally disturbing the physical process. 
Let us assume that with the help of various instruments the proper
ties E 1, E2, •• • , En were established for a body through measure
ment. Then this means that these properties can be measured singly 
without limit. The specific instrument is not then important. The 
properties can then be attributed to the body in the form of a con
junction of properties E 1 A E2 A • .• A En , where A is a symbol 
for the logical and. 

3. The specification of the state of a physical system means 
the specification of the instantaneous values of all independent 
quantities associated with the system. By process of the system we 
understand the way the state of the system changes with time. 

We have already pointed out the scientific and historical roots of 
this view and the fact that the validity of these assumptions ap
peared to be well established. However, the development of quan
tum physics has brought out the shortcomings and limitations of 
these assumptions. · 

If we consider the connection between scientific labor and its re
sults, it becomes clear that every measurement is a form of labor in
volving sense impressions derived from a particular object, which, 
like the results of scientific labor, must be seen as a unity of subjec
tive and objective conditions. It is precisely through the active, 
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purposeful action of human beings on the object of investigation, 
that is, the intentional changes induced in order to improve our 
knowledge of the object, that the passive and contempl'ltive'side of 
these assumptions and the rigid and absolute opposition of subject 
and object of cognition• in the epistemological process, are sur
mounted. This applies not only to the interactions accompanying 
the measurements, but, to the same degree, also to the goal of em
ploying the instruments, which, themselves, are the result of scien
tific labor. With the development of Newtonian mechanics an ideal 
was proclaimed which became a feature of mechanical materialism: 
maximum objectivity in scientific cognition and a description of 
nature are achieved if the disturbing influence of the subject of. cog
nition is completely eliminated. This aim proved illusory, and the 
objectivity strived for proved to be an "alien addition" to the ex
tent that the dialectical interaction between subject and object was 
not taken into account. This philosophical truth, which was dis
covered by Marx, Engels, and Lenin, in time won acceptance also 
in physics, primarily through the development of qu~tum physics. 
Heated and even passionate debates took place around the problem 
of measurement and interaction. 

The more the atomic domain was penetrated, the more it became 
obvious that the assumptions postulated for the physics of the mac
roworld could not be transferted to the microworld, that they even 
contradicted knowledge that had already been acquired. First of 
all, it has to be stressed that jn the microworld it is impossible, in 
principle, to isolate the interaction between object and instrument 
during a measurement. The quantitative expression of this can be 
found in the fact that the terms containing Planck's constant h can 
no longer be neglected in comparison with terms not containing h. 
Equally important, however, is the qualitative aspect of this prob
lem, which is of philosophical and epistemological importance: 
properties are not independent of the conditions of observation; 
physical objects are not "objects-in-themselves" without any rela
tion to interaction, but are expressions of interactions and, like 
them, are also relative. We will illustrate this through an example 
provided by Heisenberg. 

If we have the task of determining the position and momentum 

•The subject of cognition (the scientist) is to be distinguished from the object of coa
nition (the physical object under investigation). The instruments , as an extension 
of the senses of the scientist, can be included within the concept of subject (see 
footnote on p. 27), rather than with the object. 
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of a microobject at a definite time we could proceed, by analogy to 
macrophysics, in the followina way. First, we determine the posi
tion with the help of electromasnetic radiation. In this case, an in
teraction takes place between the photon and the microobjea. The 
accuracy of the position determination depends on the wavelength 
of the liJht used. If we wish sreater accuracy, we use liJht of a still 
smaller wavelength, i.e. , with a higher frequency f. In accordance 
with the relation E = hf, a correspondinsly laraer imount of en
erJY is used, which leads to a sreater exchange of ener~ and !flo
mentum in the interaction between the photon and the nucroobJea. 
To achieve sreater accuracy, we need JWlt of lower ener~, t~at is, 
of lonser wavelenath, but this leads to areater uncerwnty 1n the 
position. · Macrophysics cannot solve this dilemma. The connec
tion between position uncertainty and momentum uncertainty is 
characteristic for the atomic domain and is expressed by the 
Heisenbera uncenainty relation 

Liz · Lips ~ A/2 . 

The assumptions of macrophysics, if applied to microphysics, lead 
to an obstacle to knowledae with far-reacbina and much discussed 
consequences. Other inaenious mental experiments (see discussion 
by Bohr30) have aU led to the sam~ results. 

Marxist-Leninist philosophy provides a fruitful basis for under
standina the nature .of the problem and a way out of the dileJJUD8 in 
a manner fully consistent with our physical knowledae. The foun
dation and st.artins point of our COJnition is reality. If scientiflcally 
established results do not coincide with our ideas, then the latter 
must be brought into line with reality. Any other attitude is neither 
materialist nor scientific. If our sciq~tific fmd.inp in the micro
world do not fit into the confmins concepts of macroscopic phys
ia, that is, if they cannot be explained and understood with the ~ 
sumptions of macroscopic physics, this means that we are dealins 
with a new quality in the microworld. Microscopic physics is not 
macroscopic physics with atomic dimensions. The specific charac· 
teristia and behavior of microobjects are revealed in their interac
tions. If properties appear only under certain conditions and inter
actions, then they apply only under these circumstances and !lOt 
"in-themselves." However, this does not mean ~t an ObJ~ 
exists only if we observe it. Microobjects also have propertJes 
which are quite independent of the conditions of observation. .It 
must be the task of science to investipte an obj~ under many dif· 
ferent conditions, from many sides, and comprehensively, and· to 
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consider carefully the connections amons property, interaction, 
and conditions. A much more comprehensive knowledge of reality 
is thereby possible than with the assumptions of macroscopic 
physics. Moreover, the activities of the subject of cosnition do not 
create the properties reJistered by instruments; the results remain 
independent of the subjea. A skillfully conceived interaction and 
change in the object does, however, make 'it possible to. acquire 
knowledge more comprehensively, more completely, and in sreater 
depth. 

The specific features of the microworld express themselves in the 
wave-particle duality of atomic objeas, in the character of the laws 
valid for this domain. in the conceptual apparatus, and, finally, in 
the technolosical application of our knowledae. Thus, the Heisen
bers uncertainty relations and other laws not only do not become 
barriers to cosnition, but reflea reality precisely because they 
express the specific nature of interactions in this domain much bet· 
ter than macroscopic physics and, at the same time, emphasize to a 
far greater desree the dialeaical character of natural occurrences. 

The measurement-interaction relationship can now be seeri to 
lead to the followins consequences: 

1. A number of properties of microobjects are not independent 
of the conditions of measurement. They are the direct expression 
of the interaction between them, and likewise have a relative char
acter. Knowledae of the objea is obtained throuah its interactions. 
' 'This task does not exclude the introduction of quantities charac
terizing the object independently of the measurina instrument 
(charge, mass, particle spin), but at the same time it makes it possi
ble to investigate that side of the behavior of an object (e.g. , the 
particle or wave aspect), the ap_pearance of which is conditioned by 
the measuring arransement!•31 · 

2. This means that in aeneral it is impossible to separate out the 
effect of the measuring instrument on the measured object in a 
rpeasurement, the latter being an interaction between the measured 
object and the measuring instrument. 

3. Scientific cognition includes the active, dialectical interrela
tion between object and subject. Knowledse that is not dependent 
on the subject can be g~ned only through the human being con· 
sciously producing chanses in the object within the framework o f 
the governing' laws. 

We conclude this discussion by emphasizins that in the macro
world the quantitative effect of the instrument on the object can be 
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ignored, but that in both the macroworld and the microworld the 
qualitative side, linked as it is to philosophical and epistemoloJical 
considerations, must be taken into account. 

b. TM cllullfkatlon oflntm~edons 

If the world is an interconnected whole in which various thi.nas in
teract in which they condition and determine each other within the 
totality of interconnections, then questions arise about how various 
types of observed interactions can be distinguished from one ~
other how these interactions are interrelated, and whether a classi
ficati~n is at all possible. These are lona-standina philosophical 
problems which are exceedingly important for the cognition of real
ity and for the work of every scientist. 

The stariina point of our observations isobjective reality. Here 
we see that various thinas relate to each other in many different 
ways, and that the universal interaction takes place in rather dis
tinctive forms. These objectively existina forms of interaction can 
be classified by various criteria. 

Thus it is possible to reorpnize the forms of motion, which were 
classified by Enaels on a historic-genetic bosis, to one based on 
interactions. Accordina to this classification, we mUst divide the 
forms of motion into inorpnic, orpnic, and social, and recosniz,e 
that each of these domains has a complkated structure of its own. 
Even if this raises many new questions, philosophically it is impor
tant to undertake such a classification because it covers not only the 
various forms of interaction, but also their interconnection. 

Another possibility is to classify interactions on a system-theo
retic basis. Here it is important to recosniz,e that things that exist in 
reality differ from one another and, because of their properties, in
teract with one another in specific ways. Expressed simply, we 
have the followina picture. The structure and properties of phys
ical objects, including their differences, as well as their stability and 
instability, are determined by the internal inter~ctions of the ob
jects. Their direct or indirect effects on other obJects are the result 
of external interactions, and thus there is . a Close connection be
tween internal and external interactions. Many interestina ques
tions now arise, such as the relation between the part and the 
whole the existence of various levels of structure, and so on. For 
exam~le, the internal interaction between the p~sitively ~hara,ed 
nucleus and the negatively charged electron shell 1s responsible for 
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the specific character and stability of an atom, the atom thus con
stituting a whole, it beina distinguishable from other things. ·At the 
same time it interacts with other atoms, affects them, and is affect
ed by them (external interaction). Its behavior is determined by a 
unity of internal and external interactions. If the external inter
action is comparable to the internal, and is strona enough, the atom 
will cease to exist as an atom. 

Classification according to strength is the most important way of 
classifying interactions in physics. It has been seen that, in the 
fields of interest to physics, the many phenomena can be reduced to 
only a few types of interaCtions clearly distinguishable from on~ an
other both in their natures and their strengths. In other words: 
"Nature is very economical in the choice of its interactions and un
believably extravagant in the most varyina types of combinations 
of these interactions, and in their phenomenal forms. "32 The fun
damental interactions in physics are: 

The gravitational interaction. This refers to the reciprocal effect 
among physical bodies expressed through their property of having 
weight. As this is a universal property of all physical bodies, it is 
also a Universal form of interaction. 

The electromagnetic interaction. This refers to the reciprocal 
effect of physical bodies arisina from the property of electric 
charge. This interaction underlies all electromaanetic phenomena 
in the physics of the macroworld and the microworld. 

The weak and strong interactions. These are of fundamental im
portance in the field of elementary particles. 

These four different types of interactions in physics are clearly 
distirlguishable by their respective strengths. Classification of in
teractions based on strength is, frrst of all, a quantitative classifi
cation. 

Let us consider how to determine the strength of an interaction. 
The electromagnetic interactions take place through the exchange 
of virtual photons between electric charges. The smallest known 
electric charge is the elementary charge of the electron e, and the 
strength of the interaction between two electrons resulting from an 
exchange of virtual photons is proportional to e2. This factor 
therefore appears in the expression used as the measure of the 
strength of the electromagnetic interaction: 

e2 1 --::::::-. 
4neoho 137 
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This expression is known as the Sommerfeld fme structure con
stant. 

For a comparison to be possible amons other forms of interac
tion it is necessary to use a quantity which om be applied to the var
ious interactions. For a comparison with gravitation such a refer
ence quantity can be the force. Thus, for the interaction between 
two point charses Q 1 and Q2 separated by the distance r, 
Coulomb's law Jives the force 

F = -1- Q,Q; • 
4ne0 r2 

while for the gravitational interaction between two. masses m 1 and 
m2 , Newton's law of aravitation Jives 

In both cases the force is the common quantity which makes a com
parison between these qualitatively different forms of interaction 
possible. By selectina the correspondins coupling constants, we 
can extend this comparison to the strons and weak interactions. 

In this way we obtain the followins ratio of strenatbs for the four 
fundamental interactions: 

gravitational : wet~k : electromagnetic : strong 

= to-39: to-1": to-3: to•. 

This comparison based on streqtb is by no means exhaustive, 
but its importance for physics is that it includes the dialectical unity 
of quantity and quality over a very wide range, as we can see in the 
followins: · 

1. The direct connection between propeny and interaction ex
presses itself in the fact that different propenies are associated with 
different forms of interactions. The property of physical bodies 
called gravitational mass is associated with the gravitational inter
action. The property of electric charge is associated with the elec
tromaanetic interaction. Let us consider these two forms of inter
action. It is imponant to note that these properties are inseparilbly 
connected with physical bodies. Gravitational mass and electric 
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charge are not external relations of objects which can be strength
ened. weakened. or be separated from the objects. This means that 
the interaction is necessarily bound up with the· objects and deter
mines their essence and specific natures. It is also worth noting that 
the electromagnetic interaction occurs always and only in connec
tion with tbe gravitational. but the converse is not true. However. 
for the weak and strong interactions. we can state the following. As 
distinct from the properties of gravitational mass and electric 

· charge. which have direct and indirect effects on other objects. the 
weak and strong interactions involve properties which more 
strongly characterize the relations within the system. This is r~ 
fleeted in the physics literature by the terpts property of the body 
and property of the system. and is expressed in the relationships 
among the forms of interaction. 

2. Interactions distinguishable by their strength have a number 
of other characteristics with which they are associated. Among 
these are conservation laws. symmetry relations. ranae. duration. 
and cross section. 

Conservation laws are of sreat importance for physics and ther~ 
fore we will first show the connection amoq interaction. sym
metry requirements. and conservation laws for Newtonian mechan
ics in tabular form (see Table 1). 

If we extend these considerations to the four basic interactions. 
we have the follow~ remarkable results: 

a. The stronger the interaction. the greater the symmetry and 
the greater the validity of the conservation laws. 

b. The interaction can be understood as the exchange of vir
tual.particles between the interacting systems. 

c. The stroqer the interaction. the shorter its duration and 
the larger its cross section. 

These characteristics also are summarized in Table 2. 
Many philosophically and physically interesting questions which 

cannot be satisfactorily answered at present are linked to these in
terrelationships. for example. the interconnection among different 
interactions; the " nature.. of the weak interaction. which gains 
strength at higher energies and approaches even the strong interac
tion; the existence of fundamental elementary particles from which 
the presently known particles are formed. The answers to these 
questions demand both intensive research as well as collaboration 
among pbysicists and philosophers. 
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We will end this brief survey with some comments on the general 
philosophical implications of the problem of interaction. 

On the basis of our present knowledge we can say that the Marx
ist-Leninist view of universal interconnection and the reciprocal 
conditioning and determination of phenomena in .a specific way en
rich our understanding of the interaction problem. Object-proper
ty-interaction relations are an expression of the dialectics of inter
connection and an aspect of the general relation between matter 
and motion. A quantitative comparison of qualitatively different 
·forms of interaction is possible because comparable effects can 
occur. We often make use of this in a practical way. for example, 
the effects of electrical force are weakened, compensated for, or 
strengthened by mechanical force. An illustration of this is the 
Millikan oil-drop experiment. The philosophical sipificance of 
this fact can be seen in an indirect way. If the different interactions 
were completely independent of one another. then objective reality 
could be divided into domains, each of which should be dis
tinguishable by a specific form of interaction unrelated to the 
others. However. this would contradict the fact that the different 
interactions are connected in ordered levels of development and 
strength as discussed above. Expressed in positive terms, this 
means that the relative independence of qualitatively different 
types of interactions is sublated in the universal interconnection of 
things and phenomena. The structured natu~ of mQtter and the 
material unity of the· world a~ two sides which cannot be abso
lutely separated. They condition and cktermine each other and em
brace the dialecticaUy contradictory nature of objective ~ality only 
in their unity. 

5. Omsflllty lllld Lllw 

' 
If one accepts the view that the search for laws is bound up with the 
scientific explanation of observed phenomena, that the disclosure 
of their causes and conditions is one of the fundamental tasks of 
science, then it is clear that philosophical problems of causality and 
law have played a big part in the Ions tradition of collaboration be
tween philosophy and the individual branches of science, including 
physics. It is therefore not surprisins that nearly all·' the leading 
physicists have commented on this question at some time or other. 
The rise of mechanical materialism and the development of quan
tum physics were accompanied by passionate debates on questions 
relating to the validity of the causality principle, the possibility of 
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the exact prediction of physical events, the knowability of the 
world, the statistical character of quantum-physical lawsr and so 
on. One should not conclude that these problems are interesting 
only from the historical viewpoint. At the present time, too, the 
various philosophical directions differ in their views of causality 
and law. The differences arise from differences in world view and 
in epistemological and methodological approaches and are a specif
ic expression of the conflict between dialectical materialism and the 
various forms of idealism. 

a. Newtonltm medumlc.r 1111d the classlclll-mechanlclll 
form of CIIIUIIIlty 

The macromechanics elaborated by Galileo, Kepler, Huygens, 
Newton, and others was the frrst mathematically elegant and sys
tematically constructed physical theory to be based on experimen
tally confirmed knowledge and fully tested in practice. I~ the sev
enteenth, eighteenth, and nineteenth centuries, Newtonian mechan
ics was the most advanced and successful science. The successes 
achieved did not fail to influence the opinions and the attitudes of 
natural scientists working in other scientific disciplines. Consider. 
for example, the historically important discovery of the planet 
Neptune. When Newton formulated the law of gravitation he suc
ceeded in expressina mathematically the connection (interaction) 
among all bodies by means of the property of gravitational mass. 
Accordingly. when a stone is thrown into the air it is subject to the 
same laws as the motion of the moon around the earth. When it 
became clear through careful observation that the planet Uranus 
deviated from the calculations based on the law of gravitation, 
despite exact consideration of all disturbing factors, one did not 
conclude that this law was invalid or inexact, but that another as 
yet unknown planet must exist. This is how firmly people were 
convinced that the laws of Newtonian mechanics were correct. 
When, in 1846, Galle actually did discover Neptune at the position 
calculated by Leverrier. many scientists and· philosophers saw this 
as a further argument for the general validity of the characteristic 
way of thinking associated with Newtonian mechanics. Later we 
will discuss the consequences of this. First, however, we will exam
ine the relation between causality and law in Newtonian mechanic~. 

The structure of the laws of Newtonian mechanics is such that if 
we know the state of a physical body and the forces affecting it, 
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we can make a more or less precise mathematical statement about 
the earlier or later states of the body. The Hamilton formalism 
gives the mathematical form for this view of physical events. If the 
position coordinates ql and the momentum Pi at the time It are 
given, one can calculate the values qk andpk at any later time lk if 
the forces actina on the physical system are known. For each phys
ical event occurrina under specific conditions (C) there exists only 
one possibility (M) which is necessarily realized (R) in accordance 
with a certain law (L). In symbolic form: 

necessary 
C:LEM R. 

This conception of Newtonian mechanics, as expressed in the struc
ture of its laws, is tied to some other premises such as: physical 
phenomena are independent of the conditions of observation; the 
properties of physical bodies have an absolute character (nonrela
tivistic and unchangina). If the premises are true, then the laws of 
Newtonian mechanics afford an adequate description of the reality 
embraced by them. 

The corresponding form of causality was expressed as follows: If 
the state of a physical system, i.e., the position coordinates and 
momenta, and the forces affectina it, is known with absolute pr~ 
cision at a given moment of time, the state of the system at any 
other time can be predicted with absolute accuracy. Characteristic 
of this classical-mechanical form of causality is the assumption of 
precise predictability. 

q a comparison of law and CllUSillity is mode under this concep
tion it becomes obvious that they are identical. We should empha
size at this point that such forms of law-governed and causal con
nections tlo indeed exist in reality and they are adequately expressed 
by Newtonian. mechanics. This does not exclude the existence of 
other forms of interconnection in reality not embraced by that 
theory. 

The serious error which is made here is not contained in the phys
ical theory, but in the limitations of mechanical materialism, and it 
arises when the results achieved in one science - in this case m~ 
chanica - are philosophically aeneralized in an unjustified extrap
olation of a form of interconnection characteristic for one specific 
branch of physics to other branches of physics and to all of reality 
in general (see Roseberg, Determinlsmus und Physik). . 

Thus the whole world - nature and society - was seen as a gi-
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pntic system which exclusively obeyed the laws of mechanics. B~ 
fore making a detailed critical analysis of this viewpoint; we can 
point to two important facts : 

1. We have already mentioned that for a long time mechanics 
was the most advanced and successful of tb~ sciences. 'l'be reason 
for this was that the technologies used for the rapidly developing 
capitalist relations of production (machinery and sources of motive 
power) operated almost exclusively on mechanical principles and 
that mechanical motion is the simplest and most easily understood 
form of motion of matter as well as the basis for more compli~ted, 
higher forms of motion. Commentina on the epistemological as
pect, Engels writes: "The investiaation of the nat~re 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 compli
cated forms. Hence, in the historical evolution of the natural 
sciences we see how ftrst of all the theory of simplest chanae of 
place, the mechanics of heavenly bodies and terrestrial masses, was 
developed. "34 

2 . In view of the historically conditioned level of knowledge at 
the time, this mechanical view of the world was prograsive and ex
ercised a stimulatina influence on the development of science and 
society as a whole. Above all, it opposed the Aristotelian and 
scholastic world view- the mystical and speculative view of reality 
that was widespread during the Middle Ages. Moreover it devel
oped on a materialist foundation. "This mechanical world view in 
which the whole of the natural occurrences is . explained throuah 
mass points and forces, is based on a strong materialist causality 
viewpoint. Independently of th~ particular philosophical outlook 
of the individual scientist, the scientific system is atheistic and is 
incompatible with the acceptance of miracles. Divine interference 
not only is ilo longer necessary, but it would destroy the gigantic 
mechanism which the whole world represents. "35 

Nevertheless, direct transfer of the ideas and way of thinking of 
mechanics to all of reality does not correspond to the real relation
ship between philosophy and the individual branches of s<:ience, 
and it could not be done without having far-reaching philosophical 
and ideological consequences - impeding the development of sci
ence and a scientific understanding of reality in face of a continui~g 
growth of knowledge. · 

Mechanical materialism has the following fundamental limita
tions: 
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J • · The forms of connection typical for the realm of Newtonian 
mechanics ar~ impermissibly extrapolated beyond the areas of ex
perience of physics to all areas of reality and are raised to .a phil
osophical principle. AU things and phenomena are thus seen to 
stand only in a necessary connection and are determined by the mo
tion of the smallest particles in accordance with the laws of me
chanics. Chance is viewed subjectively as an expression of human 
iJilorance. As all relations are of a purely necessary character and 
of equal rank and importance, law and causality are identical. 

2. The failure to take into account the dialectical character of 
occurrences in nature, that is, a metaphysical view of reality, which 
Engels described as the "specific narrow-mindedness of the last 
century" is a further limitation of mechanical materialism and 
fmds its expression in its conception of law and causality. 

3. The failure to understand historical tnaterialism, the im
proper, mechanical transfer of forms of interconnection from the 
sphere of nature to the sphere of human society is linked with un
fortunate consequences and is an essential shortcomina of 
mechanical materialism. Lenin pointed out that suCh a transfer 
leads to idealism, and not materialism, in the social sciences.36 

The impermissible oversimplifications of mechanical materialism 
and the shortcominis of idealist philosophy were revealed by Marx, 
Enacts, and Lenin. The problem of causality and law was analyzed 
on the basis of dialectical and historical materialism. Of decisive 
importance for the solution of the problem was the examination of 
its direct relation to the basic principles of philosophy on a materi
alist .framework. Hence, the law-aovemed behavior of objective 
reality is a fundamental requirement for its knowability and consti
tutes the basis for purposive activity of human beings. Causality 
provides a basis for the material unity of the world. It is part of the 
universal connection and expresses the direct reciprocal effects of 
thinas and phenomena ·on one another in the objective reality, 
which are realized in their interactions. 

In his Dialtctics ()f Nature, Engels comments: 

The first thiDa that strikes us in considerina matter in motion is 
the interconnection of the individual motions of separate bodies, 
their being determined by one another. But not only dow~ find · . 
that a particular motion is followed by another, we fmd als4S that 
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we can evoke a particular motion by setting up the conditions in 
which it takes place in nature, that we can even produce motions 
which do not occur at all in nature (industry), at least not in this 
~ay, and that we can aive these motions a predetermined direc
!ton and extent. In this way, by the tlCtivity of human beings, the 
1dea of ctlUStlllty becomes established, the idea that one motion is 
the cou.se of another.37 
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And elsewhere, when examinins the relation between interaction . 
and causality, he states: 

Further, we fmd upon closer investigation that .. . cause and ef
fect are conceptions which only bold good in their application to 
individual cues; but as soon u we consider tbe individual cues 
in their aeoeral connection with the universe u a whole, they run 
into each other, and they become confounded when we contem
plate that universal action and reaction in which causes ud ef
fects are eternally cbanaina places, so that what is effect here and 
now will be cause there and then, and vice versa.3~ 

Lenin, in his marginal comments on Hegel's Science of Logic, 
writes: " Cause and effect, erao, are merely moments of universal 
reciprocal dependence, of (universal) connection, of the reciprocal 
concatenation of events, merdy links in the chain of the develop
ment of matter."39 

On this basis w~ can defme the concept of causality in Marxist
Leninist philosophy as follows: The cat~ory CIIUStllity contains the 
direct irifluence of one pMnommon of the ob}tcti'tle world on an.
other phenomenon, the conditioning of one pMnomenon (qfect) 
on another (ctiU#), and its unity. 

We will now briefly discuss this definition: 

1. The concept of causality abstracts a fundamental form of the 
objectively real connection, the direct influence and determination 
of phenomena on and through each other. This means that causal
ity is a part of the objeCtively real connection. 

This characteristic of causality applies to both mechanical and 
dialectical materialism and differentiates them from all idealist 
viewpoints. 

2. To ~nderstand all individual phenomena it is necessary to lift 
them out of their universal connection, and this is expressed in the 
terms cause ~d effect. As causality is one part of the objectiv~ly 
real connection, the abstraction necessary for scientific cognition 
must be superseded when one particular phenomenon is being con
sidered in its universal connections. The concepts of cause and 
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effect then do not have meaning just for the artificially isolated 
process; with the help of them causality provides the means of 
comprehendina the objectively real connection. 

3. Causality refers to· the single, concr~ process. It does not 
differentiate between necessary and contingent, essential and ines
sential relations. This demands acceptance of differina relations 
and qualitatively different areas and supersedes the assumption of 
mechanical materialism that reality is the sum of necessary rela-

. tions. 
4. Causality is also characterized by the direction in time of 

cause (earlier) and effect (later). 
S. The mediation of the objectively real connection by causality 

bas a universal character, which means nothing other than that ev
erything in the world is cause and effect, that there are no material 
changes which arise without causes and which do not produce 
effects. 

If, besides the characteristic features of causality, one empha
sizes their universality, i.e., the fact that all phenomena in nature 
and society have causes, then one speaks of the principk of cau
sality. 

This comprehension of causality shows us that it cannot be 
equated to law. While causality can be undentood only as a mo
ment (essential aspect) of interaction, and in this sense represents 
the simplest form of connection, the concept of law represents 
complex and complicated forms of connection, which, in tum, pre
supposes the causality principle. 

In Marxist-Leninist philosophy a law is understood to be a gen
eral, necesAry and essential connection among things, processes, 
and systems of objective reality, which are marked by relative con
stancy of conditions and reproducibility. 

We will enlarge upon this briefly: 

1. By general, or universal, we mean that the law for one class of 
connections embraces precisely those properties that are common 
to that class. 

As Lenin noted, the universal can be a fragment contained in sev
eral individuals, an aspect of the individual, or its essence. 40 

The general, or Ulliversal, and the individual are diaJectical oppo
sites: they both condition and exclude each other. 

The general, or universal, exists through · and in the individual. 
Therefore, it is not an ind~ndent essence existing alonaside the 
individual; it is the invariant in the transition from one element io 
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another of the same class. "The form of universality in nature is 
law," notes Engels.41 

2. Necessity, as the unequivocally determined connection be
tween phenomena, has an objective character and stands in close 
connection with the universal. As Lenin said, it is "inseparable 
from the universal.••42 It is necessity that raises the universal con
nections to a law. If two events are in a necessary connection, then, 
in particular, it can mean that one event is clearly caused by. the 
other event, that one property is due to only that process, thing, 
etc., that one event only follows another defmite event, etc. Neces
sity' however' also includes the individual, smaular event. Chance 
is complementary to necessity and is a phenomenal form. of it; 
chance stands in a dialectical relationship to necessity, and, like it, 
has an objective character. This means that necessity and chance 
always appear together in reality, that their opposition is not abso
lute, but exists within the framework of certain conditions, that 
they can exchange places through a change in conditions, and dur
ing the course of development, necessity can tum into chance, and 
viceverA. · 

3. Essence is the unity ofthe universal and the necessary, it is the 
totality of the universal, relatively stable determinations, which of 
necessity belong to the process, thinas, etc. Lenin called law and 
essence .•. concepts of the same ... dearee, expressing the 
deepenina of man's knowledae of phenomena, the world, etc. "43 
Essence and phenomena condition each other: the essence appears 
in the phenomena, and the phenomena are the expreaaion, the man
ifestation of the essence. .The essence is relatively stable and inv~
iable. At the same time, the phenomena are ricber than the essence 
because they are the concrete form of expression of essence and as 
such contain not only the universal, necessary, and stable, but also 
the whole wealth of the individual, the chance, and the changeable. 
An imponant task of cognition is to penetrate the phenomena to 
the essence, to which Marx comments: "All sc:ience would be su
perfluous, if the appearance and the essence of thinp coincided 
with one another.••44 Included in this characterization is the fea
ture of repeatability, which does not uy that the phenomena repeat 
themselves, but that the essence repeats itself in the phenomena. 

4 . A law-governed connection always presupposes the existence 
of certain -'Jonditions. The dialectical-materialist view of law thus 
differs distinctly from the objective-idealist view. The action of 
laws is linked to the real process of the material world, in which the 
conditions for the operation of the laws also change. There is ·no 
room here for the divine impulse as a law. 

Erwin
Text Box
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5. Laws can be classified according to various features, for ex-
ample: 

a. general laws - specifiC laws; 
b. laws of nature - laws of society; 
c. law~ ~f structure - laws of motion ~d development; 
d . stat1sttcal laws - nonstatisticallaws. 

This division is based on different vantaae points. Therefore, it 
should be noted, first, that a law is not completely described by one 
of the features indicated, but must be defmed throuJh all the fea
tures, and, second, that the classification (c) has no counterposition 
because laws of development also contain laws of structure and 
motion. With the devdopment of hiaber qualities, accompanied by 
a significant change of structure, questions of the relation between 
continuity and discontinuity, etc., also arise. 

The last class of laws (d) plays a major role in physics in connec
tion with the extensive discussions on determinism. We will now 
take a closer look at this. 

c. ~ IMtl.ftbJ 1flltlln of fiUI1ftlllrt ~ad tlw m.t1ott 
IHtlHM - 11114 Ctlllltlllty 

The development of electrodynamics by Faraday, Maxwdl, and 
othen dealt a seve~ blow to the mechanistic way of viewing things. 
Despite many efforts, it proved impossible to reduce the phenom
ena ~ated with the property of electric charge to mechanics. 
What was involved here was a quallWivdy new fundamental form 
of interaction. The concepts of electric charge, electromqnetic 
field, etc., were united into basic physical laws in the form of Max
weD's ec;~~tions in an adequate way. Of particular importance for 
us here 11 the fact that the electromqnetic field must be accepted as 
a physically real object in the same way as the particle in Newtonian 
mechanics, and that action at a distance was replaced by action by 
contact. This led to far-reaching consequences involving funda
mental aspects of world view, as the further development of physics 
shows. 

Let us consider only two problems relevant to the relation be
tween causality and law. 

1. The view that all qualitatively different phenomena can be re
duced to quantitative relations; i.e., to the motion of particles in 
accordance with the laws of Newtonian mechanics, was insup.,On-
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able. The specific features of the qualitative difference between 
electromaslietic phenomena and mechanical phenomena1 are cor
rectly encompassed by Maxwell's equations. Newtonikli mechanics 
and Maxwell's electrodynamics are physical theories which are not 
reducible to one another, and each corresponds to reality. 

2. As a result of the confirmation of the objective existence of 
physical fields associated with action by contact, it was necessary to 
modify the views on causality. Since a limitina value exists for the 
propaaation of signals (c- the speed of liJht in free space), not all 
events can be linlced by a cause-effect relation. The theory of rela
tivity, in particular, brouaht new insilbts oa the problem by estab
lishing that only events that were all timelike or all spacelike could 
be causally related, that is, events whose time and space coordi
nates satisfy the condition 

(.r -xp ~c~(t - t)2 

It should be noted that here we are speaking only about the possi
bility of causal relations. Whether or not a particular causal rela
tionship exists must be established in another way. 

Despite the new knowledae and despite the fact that Marx, 
Engels, and Lenin, throuah their development of dialectical and 
historical materialism, showed that it was necessary to abandon the 
impermissible oversimplifications of mechanical materialism, 
many natural scientists merely introduced a few minor corrections 
to the mechanistic approach. They continued to apply it to elec
tromagnetic phenomena, an<1 it dominated the scene for a long 
time. 

Discussions on the validity of the causality principle, on the 
structure of physical laws, on predictability, on the relation be
tween chance and necessity, etc., flamed up anew when it became 
obvious that the phenomena of the microworld could not be ex
plained on the basis of the prevailing mechanistic views. 

The uncertainty relation dlscovered by Heisenberg in 19'1.7 played 
an important role in these discussions. According to this relation it 
is not possible to determine simultaneously the· position and mo
mentum of a physical object with arbitrary accuracy. But this is 
precisely tl!e assumption for the conception of causality and law in 
macromechanics as described above in subsection a. 

In a work published in 1927 Heisenberg wrote: 

But in the strong formulation of the causal law: if we know the 
present exactly, then we can calculate the future, it is not t.he fmaJ 
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clause which is wrona, but the assumption. It is impossible for us 
in principle to know the present in all its determined pieces. 
Therefore, all perception is a selection from amona a large num
ber of possibilities and a restriction on future possibilities. As the 
statistical character of the quantum theory"is so. closely linked to 
the imprecision of all perception, one is tempted to suspect that 
another 'real' world is hidden behind the perceived, statistical 
world in which the.causallaw is valid. But such speculations ap
pear to us ... pointless and sterile. Physics must give only a for
mal description of the connection between perceptions .. A much 
better description of the real facts is: because all experiments are 
subject to the laws of quantum mechaD.ics, quantum mechanics 
definitively shows the invalidity of the causal law. 4S 

As always, bourgeois ideology used these epistemological diffi
culties for its own purposes. Here is just one example. Referring to 
the uncertainty relations, KUhne writes: "Another conclusion 
from microphysics is the acausality of the laws of life and nature. 
Where we suspect there are laws, we have only rules. This applies 
not only to all aspects of life. The iron laws of nature, which are 
depicted in the pantheist forms of thinking as the mode of existence 
of God, are also subject to unaccountable changes. From here, sci
entific research reaches into the field of faith. The acausality of mi
crophysics breaks through the barriers to biblical miracles which 
natural science has erected by its laws. ••46 Thus, a physical law is 
supposed to establish the compatibility of natural science and relig
ion to account for the existence of biblical miracles! 

These and similar attempts to deny the possibility of scientific ra
tionality (and 1J!ade not only in connection with religion) are not 
just isolated cases, but are part of the variety of techniques em
ployed by bourgeois ideology to use discoveries in the natural sci
ences to place obstacles in the path of a scientific approach to prob
lems of social development. 

Without going into the philosophical and epistemological prob
lems connected with Heisenberg's views, we wish to stress: 

a. that Heisenberg, like the majority of physicists at the time, 
understood "causal law" to be the classical-mechanical 
form of causality; 

b. that the probability-theoretic features of quantum mechan
ics correspond to microphysical processes and phenomena 
and therefore cannot be explained in terms of insufficiency 
of knowledge, but are of objective character; 
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c. that Heisenberg, by concluding that the "causal law" is in
valid because one particular form of it typical for .. a given 
causal connection does not apply to another .domain, un
justifiably bases a sweeping philosophical conclusion on re
sults in physics. 

For a long time, other important physicists like Born, Bohr and 
Pauli held this view, wi~h small differences, while Planck, Ei~tein, 
von Laue, and others did not agree, and they adhered to the classi
cal-mechanical conception of causality and law in its important 
points. Heated debates were held around whether the statistical 
character of the laws of quantum physics were a temporary expedi
ent based on a lack of knowledge, which would be overcome in the 
course of time through laws like those of Newtonian mechanics or 
whether the statistical laws had an objective character and wer; in
dependent of our knowledge and consciousness, and whether the 
way they were expressed scientifically corresponded to the con
nections in the microworld. 

The Soviet physicist V.A. Fock made an important contribution 
to the solution of this problem. In close collaboration with Marx
ist-Leninist philosophers he developed a consistent dialectical
materialist approach, which was in full accord with our physical 
~owledge o~ the m~croworld and. which underscored what is spe
Cifically. new 1n relation to Newtoman mechanics. According to the 
conception developed by Fock, the quantum-mechanical descrip
tion of atomic processes is complete and refers to the motion of in
dividual objects. The probability-theoretic character of the laws of 
quantum physics is conditioned by the specific nature of interac
tions in this domain. According to Fock, "Probability is to be re
garded as an essential element of the description and not as an 
indication of the incompleteness of our knowledge; this follows 
already from the fact that, for given external conditions, the result 
of the interaction of the object with the measuring instrument is (in 
the general case) not predetermined, but has only some probability. 
A series of interactions leads to a statistics that corresponds to a 
definite probability distribution. This probability distribution re-

, fleets the potentiality that existed in the given conditions before the 
interaction had taken place. "47 
F~k points out t~t in ~roscopic physics the probability con

cept IS also used, but m a different sense. In this domain probabil
ities are introduced when one has insufficient knowledge about the 
initial conditi~ns and one has to work around these unknown pa
rameters. It 1s, however, always assumed that every particle be
longing to the statistical ensemble moves in accordance with the 
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laws of Newtonian mechanics. Therefore this probability expresses 
in the macroworld a certain incompleteness which, although un
avoidable, is, in principle, eliminable. We note; however, that the 
theoretical basis of the statistical laws al~ continues to be dis
cussed (Roseberg, Determinismus und Physik)., 

Emphasizing what is specifically new in the domain of quantum 
physics, Fock comments that "probabilities have a completely dif
ferent character in quantum physics. There they are unavoidable 

. by the essence of things, and their introduction does not reflect the 
incompleteness of the conditions, but the objective essential, poten
tial possibilities under those given conditions. "48 

The statistical, character of the laws of quantum physics is there
fore objective and has its basis in the specific nature of the connec
tion, that is, in the speciite nature of the interaction of microphys
ical objects, whereby the objectively existing possibilities are an ex
pression of the motion and are characterized in a quantitative way 
in terms of the probability. In this way we can give the foUowing 
definition of a statiltkallaw in which we take into account, from a 
philosophical view' the relations between the system laws and the 
behavior of the elements: A statistical law is a general, necessary, 
tluzt is, reprodudble and essential, connection among things, proc
esses, etc., in tlte objective reality which determines the cluzracter of 
the phenomenon, whereby 

a. the existing system possibility is necessarily realized (dy
namic_ aspect); 

b. the element possibilities are realized stochastically (stochas
tic aspect); 

c. for an element there exists a probability for the realization 
of a defmite possibility (probabilistic aspect). 

This connection is summarized in the diagram on the opposite 
page (cf. discussion by Horz49). 

Thus the element possibilities are realized by chance, but with a 
definite probability. Mechanical determinism made the dynamic 
aspect of the statistical law absolute in a one-sided manner and 
identified it with causality. It did not take into account the system 
character of macroscopic physical objects and denied chance. The 
philosophical definition of the statistical law discloses the dialectics 
of system and element in a new light. It links the necessary realiza
tion of the system possibility with the chance realization of the ele
ment possibilities, the former following quantitatively determined 
statistical laws as a consequence of the stochastic character of the 
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latter. The laws of quantum mechanics are an example of such sta
tistical laws. Here it should always be remembered that ,the in
dividual aspects of a statistical law cannot be considered in isola
tion from, that is, without their connection to, other events. Sto
chastic distributions are not quite the same as statistical laws. The 
latter demand knowledge of those system possibilities which assert 

cs: Lst € MS necessary RS (dynamic aspect) 

cf ; mf 
chance r-----, 

q(pl) 

~ ;m~ 
chance 

r2(P2) (stochastic aspect) 

• • • 
• • • 
• • • 

• ch~ce • 
~;~ rn(Pn) (probabilistic aspect) 

L-----.J 

Lst- statistical law 

cs -Necessary existence conditions (system conditions) 

MS - system possibility embraced by the statistical law 

RS - realization of MS 

c~ - conditions of the second order (element conditions) 

m~ - element possibiliti~s embraced by the statistical law 

(pn)- realization of mn with the probability Pn 

rn -realization of m0 
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themselves of necessity in the stochastic distribution. If an exper
imentally establiJhed half-life period is taken as an expression bf a 
statistical law, then it is really only a potential statistical law, since 
it describes only a possible behavior, say, of a piece of uranium as it 
decays. It is a statistical law because tbe fractional number of 
atoms actually underaoina deaay in equal time intervals is not ex
actly the same from time interval to time interval. The dynamic as
pect finds fuller expression throush the operation of the law of 
larJe numbers. Insofar as we are able, by a deeper penetration into 
the elementarY behavior, to establish the precise character of the 
stochastic distributions or the transition probabilities, the potential 
statistical law becomes transformed into a quantitatively d~ 
termined statistical law. 

In reprd to causality, this means that the form of causal connec
tion typical for Newtonian mechanics is no lonaer valid for the do
main of quantum physics. However, the dusical-mecbanical form 
of causal connection must not be equated or identified with the 
causality principle, which is, of course, valid for the entire domain 
of quantum physics, as it is for reality as a whole. The form of 
causality characteristic for the microworld can be defined as fol
lows: azu., as the rNI phmomenon which appeors with the prob
ability p., gives rise to and conditions another IWII phmomenon, 
~feet, with the probtlbi/lty Pb· Causality expresses and focuses at
tention upon the essential aspect of motion. In the quantum-m~ 
chanical form of causality we take probability as an expression of 
possibility, and consequently as an expression of motion itself, and 
thus overcome the limitations of the classicai..mecbanical form of 
causality and, at the same time, include it as a special cue. The 
dialectics of nature is more stronaly emphasized throuah the 
motion-pos.sibillty-probtlbillty relations in the quantum-mechanical 
form of causality. 

We will close this chapter with a comparison of law and causal
ity. In a way, the concept of law Joel further than the concept of 
causal relations. The cateJOry of law represents a wide ranae of 
different forms of Jeneral, necessary and essential connections, of 
which only a certain sroup bas the character of causal dependences. 
On the other hand, the concept of causality, in a way, Joel further 
than that of law, sinc:e not all moments of a given causal relation 
are included in the law, that is, causality embraces a wider variety 
of relations for a given phenomenon (see Korch, Das Problem der 
Kau.salitlit). It thus follows that causality and law are not the same, 
are not equal, as we will further see in the brief remarks that 
follow. 
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1. Causality is the direct mediation of the connection. Knowl
edge of causality requires deeper penetration into the structure of 
matter, the discovery of more elementary mechanisms, which is 
why we consider it a fundamental form of connection.- If we take 
into account the inexhaustibility of material objects and their rela
tions, then the search for fundamental strUctures has no end. If the 
stress on direct and fundamental connections amonJ objects and 
processes is not tied to the requirement of deeper penetration, these 
connections can be represented in an isolated way. This would lead 
to making causality absolute and to neglecting the objectively exist
ing interaction amona the inexhaustible objects and processes. The 
search for causality leads to law. It is not the direct and fundamen
tal mediation of the connection that is examined, but the causes 
between the "beginninJ" and the "end," the general, nec:enary 
and essential rdations cx:currinJ among coexistina objects and 
processes. It is not the stone that breaks the atass. it is not the fall
ing body in the approximate vacuum that is the object of the com
plete description of the causal relations, but the reproducible, es
sential relations standina behind these chance events. 

2. Causality is therefore the concrete mediation of the connec
tion, undifferentiated with respect to necessity and chance, essen
tialness or inessentialness, while law embraces the essential, Jen
eral, necessary relations behind these chance events. 

3. Causality is asymmetrical, it is directed in time. It differenti
ates between past and future. The "initial" cause and the "fmal" 
effect, however, exist only u abstractions, sinc:e the direct medi
ation of the connection implies that the existence of the effects ~ 
gins with the existence of the causes. Here, however, there is a di
rection in both time and content, which becomes obvious when the 
individual causal relation is linked with its history and its cons~ 
quences. This asymmetry can be lost in the abstraction of a law. 
The direct and concrete uymmetry of certain processes need not be 
contained in the law, althoush the law may contain a time 
dependence. 

If we stated at the outset that dialectical and historical material
ism cannot be srasped throush physics alone, this also applied to 
materialist dialectics. In our discussion we have applied the essen
tial relations of this philosophical theory to physics, and we have 
concentrated on the connections of structure and motion in corr~ 
spondence with the state of physical and philosophical research. 
Materialist dialectics, however, includes development, and this wai 
discussed in section 1 of this chapter from the viewpoint of physics. 



JU 3. Materiolist Dialectics and Physics 

Physics is currently in the process of creating a mathematical-phys
ical foundation for understanding objective processes of develop
ment in nature (time-dependent world models, processes of struc
ture formation, etc.). AlthouJh, in the past, physics has con
tributed to the understanding of the problem ·of development, 
modem physics is practically only at the beginnina of comprehend
ing and describing the objective connections of development. That 
is why there is little philosophical literature on the subject. We can 
expect that in the future physics will provide valuable material for 
the philosophical elaboration of the dialectical-materialist theory 
of development. 

4. Dialectics of Process of Cognition /15 

Clulptet. Four 
THE DIALECTICS OF THE PROCESS 

OF COGNITION IN PHYSICS 

One of the advantqes of Marxist-Leninist philosophy is its unity of 
world view, epistemolOIY, and methodolOIY· It is necessary to 
note this unity, particularly when separating the epiatemological 
and methodological aspects in investiptions of dialectical connec
tions in the process of cosnition. This is concretely expressed by 
the recognition of philosophical materialism, of dialectical deter
minism, and objective dialectics of nature as prerequisites for scien
tifically adequate research into epistemological and methodological 
problems. These basic pbllosopbical principles themselves are the 
result of the philosophical process of generalization. 

The most significant question of epistemoiOBY and methodoiOIY 
connected with world view deals with the source of our knowledge. 
We discussed in detail the materialist position on this question in 
chapters 1 and 2. The central question in the dialectics of the pro
cess of co~tion is: How do human beings manage to acquire 
knowledge ibout the laws of objective reality and thus create the 
theoretical basis for their growina control over nature and society? 
The problem of epistemoiOBY and metbodolOBY thus always range$ 
from the production o f knowledge and its application to, and con
firmation in, practice. Thus. Lenin writes: 
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The standpoint of life, of practice, should be first and fundamen
tal in the theory of knowledge. And it inevitably leads to mate
rialism, sweepina uide the endless fabrications of professorial 
scholasticism. Of course, we must not foraet that the criterion of 
practice can never, in the nature of things; either confiJ1ll or re
fute any human idea completely. This criterion too is sufficiently 
"indefinite" not to allow human knowledge to become "abso
lute," but at the same time it is sufficiently definite to waae a 
ruthless flJ)tt on all varieties of idealism and aanosticism. If what 
our practice confiJ1lls is the sole, ultimate and objective truth, 
then from this must follow the recoamtion that the only path 
to this truth is the path of science, wliich holds the materialist 
point of view.l 

The human being seeking knowledge about nature and society is 
a social being. Scientific research always takes place under con
crete, historical conditions in society, which means it is always 
bound to a definite level of the productive forces, of the production 
relations, and of the superstructure with its specific ideology and 
world view. Just as scientists do not do research in isolation from 
society, the results of their work cannot be adequately understood 
philosophically when considered outside of the effects they have on 
the given society. These effects ranse from the lesser known publi
cations in specialized journals, and their subsequent contribution 
to teachina and education in various fldds, to practical application 
in material production or other areas of social activity. 

In contrast to bouraeois philosophy of science, a class-indiffer
ent epistemology and methodoloiY does not exist in Marxist-Lenin
ist philosophy. The aim of scientifiC cognition is the cognition of 
objective laws. The specific nature of the process of scientific re
search is not quite clearly determined by the dialectics of the pro
ductive forces and production relations. Therefore, a whole 
number of epistemological and methodological problems exist in 
which the class nature of all epistemology and methodology ap
pears either in a very mediated fashion or not at all. About the 
firmly established axioms of geometry, Lenin comments: ''If geo
metrical axioms affected human interests, attempts would certainly 
be made to refute them ... 2 The same applies to problems of epis
temology and methodoloSY. 

The dialectics of the epistemological process in the natural sci
ences cannot be represented as a formalized routine, with the use of 
which new scientific knowledge can automatically be acquired. 
However, it is possible to strengthen our consciousness of method 
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during the acquisition of scientific knowledge and, through subjec
tive dialectics, to extend our understanding of the objective dia
lectics. 

1. TMory- Mnhod- Mnhodolofy 

The results of the process of cognition in natural science and phil
osophy are expressed in concepts, hypotheses, and fmdings with 
varying degrees of certainty and universality. The aim of research 
in the natural sciences is to fmd the laws aoverning the behavior of 
objective reality and to reflect this through conf1m1ed and proven 
scientific theories. We define a scientific theory u an ideal struc
ture to reflect a closs of laws for a certain field of objects. Marxist
Leninist philosophy considers the aim of philosophical research to 
be the deepening of the theoretical foundations of a scientific world 
view. Processes of cognition in the natural sciences and in philos
ophy have their own speciflC forms. What they have in common 
with all other forms of scientific cognition is that their starting 
point, aim, and criterion of truth is social practice. 

As the history of science shows, there are scientifiC discoveries 
which, at fust, are entirely without practical significance. One ex
ample is the theory of general relativity. Another is illustrated by 
Hertz's comment that Maxwell's electromqnetic theory was a fine 
physical theory which would never lead to any practical results. It 
was Hertz, however, who proved that the electromqnetic waves 
predicted by this theory actually do exist, and today they form the 
basis for various means of communication. It is often at fust very 
difficult to assess whether new discoveries resulting from bask re
search in physics are actUally of practical use. All fundamentally 
new scientific discoveries deepen our knowledge of the laws of na
ture. These new fmdinp are incorporated into our current knowl
edge. This current knowledge, already conf1m1ed to a certain de
gree through repeated practical application, is further refined, 
deepened, or corrected by new knowledge. Thus, scientific find
mas devoid of any relation to social practice do not exist, although 
these relations may very often be mediated through many links of a 
chain. 

The full\iamental discoveries of basic research in the natural sci
ences are very important for a scientific world view. In chapter 1 
we described how the theoretical foundations of our world view are 
refmed and deepened through the philosophical generalization of 
accomplishments in the individual branches of science, and thus 
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become more effective both as a $clentific guide for human action 
as well as in polemics with other world views. 

Many philosophical problems are involved when practice is taken 
as the criterion for scientific truth. Let us fltst consider how scien
tific progress comes about, particularly in the physical sciences. We 
will start with the relationship between theory and method. 

In the literature on this subject it often appears as though theory 
and method were metaphysically separated. While theory is con
sidered a relatively stable result of the process of coan.Won, the 
method that led to this theory is seen as completely separate from 
it. On the other hand, one also encounters an equally impermis
sible identification of theory with method. 

For the dialectics of the process of cognition, it is especially inter
esting to examine the relationship between the methodology of the 
natural sdeDces in our cue the physical sdeDces ·aDd philosophy. 
On the basis of the conception described in chapter 1, we see that 
our knowledse about the dialectics of the process of coprition is 
deepened by the philosophical seneralization of the methods used 
in the individual scientific f~elds, from which it abo follows that the 
process of coptition for research in the physical sciences is 
advanced by the conscious use of materialist dialectics as a theory 
and method. 

Philosophically. the metophysical and dilllectical methods differ. 
While the metaphysical method comprehends the wo~ld "as a 
complex of ready-made things," the dialectical method assumes 
that the world is "a complex of procelSeS, in which the thinas ap
parently stable no leas than their mind imaaes in our heads. the con
cepts, go through an uninterrupted ctum,e of comina into being 
and passing away. in which, in spite of all seemina accidentality 
and of all temporary retrogression, a proaressive development ~ 
seru itself in the end. "3 
· This difference also affecu the way one views the connection be

tween theory and method. Engels makes clear that differing theo
retical views about objective reality. acquired by philosophical aen
eralization of the entire process of scientific cognition and practical 
human experience, form the basis for the differences in the two 
philosophical methods. An analogous situation applies, in general, 
to the connection between theory and method. Every theory sets 
up a methodological framework which determines the subsequent 
research in a given field. Every science has its specific methodolog
ical structure, which, like the. theory, is subject to historical 
changes, but which sets it apart in a certain way from the otheJ: sci
ences. While physics, on the one hand, works with measurements 
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in the course of observations and experiments (experimental meth
od) and, on the other, with the theoretical methods of 1\lathemat
ical physics, the methodological structure of philosophy is charac
terized mainly by philosophical generalization and the formulation 
of philosophical hypotheses. 

As metaphysical thinking is always in danger of slipping into 
idealism, which can then lead to negative consequences for research 
m the natural sciences, it is important that the dialectical method be 
consciously applied to research in those fields, too. Philosophical · 
methods, however, cannot be regarded as superior to other scientif
ic methods. What was said in chapter 1 about the connection be
tween theoretical coptition in philosophy and the natural sciences 
also applies to method, which means that no method of research in 
physics or in another science is metaphysical. The dialectical con
tent of the methods used for the natural sciences must be disclosed 
through philosophical analysis. Only by going beyond the·Umits of 
applicability of a successful scientifiC method does one become 
guilty of being metaphysical. This statement, however, conceals a 
complicated problem. The limits of applicability of methods can 
be discovered only in the course of scientific research. They are by 
no means obvious in the explicit formulation of a method. 

After the collapse of mechanical materialism, for example, the 
conviction arose that a new physics was needed to understand 
chemical and biological objects. Developments in physics since 
then indicate that this view must at least be critically examined. The 
physical basis for chemical and biological research has become verjt 
broad with the application of quantum mechanics and thermody
namics of irreversible processes far from equilibrium to problems 
in these fields. As before, there is still no reason to speak of reduc
ing chemistry and biology to physics. After all, the physical-chem
ical methods are doubtlessly almost in a position to provide proof 
for the evolution of life. Research into biological objects and proc
esses has not provided the slightest indication that a modification 
of the basic laws of physics is necessary. Therefore, the theoretical 
framework developed in physics for physical research on living 
things appears to be sufficient, at least for the near future, as we 
have not yet come upon the limits of applicability of our physical 
methods. 

Researcfl by dialectical materialists on methodological problems 
in the sciences is currently being stepped up. The effort here is to 
draw some conclusions, through philosophical generalization: of 
methods used in individual branches of science, to further develop 
materialist dialectics, and to use the power of materialist dialectics 
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heuristically for the further development of the scientific method. 
In contrast to this line of research, a number of philosophers of 

science of neopositivist orientation are trying to draw up a catalog 
of scientific norms and to decide, on the basis of these norms, what 
is science and what is not. For such methodologists, everything 
that does not correspond to their logically norm8tive "rational con
structions" is "unscientific." While this has led to clarification of 
a number of important detailed problems of logic, it has erected 
impenetrable barriers to cooperation between philosophers of 

· science and natural scientists. 
Dialectical materialism, while overcoming the narrowness of the 

neopositivist concept of method, at the same time values a logical 
analysis of method. The advantage of dialectical-materialist in
vestigations into the structure of method in scientific cognition lies 
in the fact that they take into account the dialectical unity of the 
historical and logical, the genetic and the structural, and the social 
and inner-theoretical influences on the development of science. An
other strength of dialectics is that it does not try to reduce to one 
another the individual methods of physical cognition, the various 
paths to physical knowledge, or to ~ them in isolation from each 
other, but, on the contrary, it requires that the connections and 
transitions between each applied method be carefully examined. 
Engels pointed this out in his Dialectics of Nature: "Induction and 
deduction belong together as necessarily as synthesis and analysis. 
Instead of one-sidedly lauding one to the skies at the expense of the 
other, we should seek to apply ~ch of them in its place, and that 
can only be done by bearing in mind that they belong together, that 
they supplement each other. "4 

2. Dialectical Relationship of Observation 
and ~t to Theory-
Dialectical MaterltJllsm vs. Empiricism and RatloiUillsm 

The question of how the laws of objective reality are reflected in 
scientifiC theories, how scientific cognition is at all possible, has 
often been discussed in the history of philosophy on the basis of 
physics. Here, two extreme viewpoints have been maintained to the 
present day, although modified in many ways and supplemented by 
a number of intermediate positions. These two extremes are phil
osophically characterized as empiricism and rationalism. The two 
main lines of philosophical confrontation, materialism and ideal
ism, appear everywhere in these discussions. The separation· be-
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tween empiricism and rationalism, however, is not identical with 
that between materialism and idealism. There are both materialist 
and idealist positions in empiricism as well as in rationalism~ 

Empiricism assumes that knowledge can only be gained through 
experience (observation, experiment, measurement). The sensuous 
form of empiricism reduces experience to sensuous perception, but 
it also has a materialist version, as represented by Bacon, Locke, 
and the French materialists of the eighteenth century, who at
tempted to put it on a mechanistic foundation. They considered 
experience and sensuous perception to be the mechanical images of 
objective statc;s of things, and the results of such perception were 
interpreted as arising from mechanistic processes of thought_ in the 
minds of the individual investigators. 

Mechanistic-materialist empiricism had its historical counterpart 
in idealist empiricism. In the spirit of Berkeley and Hume, the pos
itivists put forth various versions of a subjective-idealist concept of 
experience and made it the basis of corresponding epistemological 
positions. For example, Mach's philosophical discussions were 
based on a concept of experience which equated experience with 
complexes of sensations, out of which objective reality was to be con
structed. He obviously accepted the subjective-idealist answer to 
the fundamental question of philosophy - for Mach, subjective 
perception was primary and objective reality was secondary, and 
was to be derived from the perceptions. 

The problem of iaduction is important for all empiricist versions 
of epistemology. The task is to explain how one obtains the universal 
for a class of objects and structures from experience with the indi
vidual and particular. How, then, is it possible to arrive at knowl
edge of a law from an experience which is always historically lim
ited, that is, how does on~ discover the general, necessary and es
sential connections of phenomena? 

In contrast to empiricism, rationalism says that thought (reason) 
alone is the source of human knowledge. Human beings acquire 
knowledge about objective reality only by thinking. The senses and 
experience are not a solid foundation for rational knowledge be
cause they can always deceive us. The metaphysical rationalist sees 
the rationality of human thought as an unchangeable human 
property and the most essential, an attitude also encountered in the 
present-day neopositivist philosophy of science, whereas the dialec
tical view says that rationality is a philosophical category subject to 
historical change (Hegel), about which there is no a priori kno:w-
~L , 

In both rationalism and empiricism there is a materialist and an 
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idealist line. The rationalism which goes back to the traditions of 
Democritus is materialist. Democritus saw the world as consisting 
of small. indivisible. qualityless objects (the atoms) imperceptible 
to the senses, but which could be the basis for a rational expla
nation of the wide variety of ob~ble phenomena. 

Descartes picked up Galileo's success with the mathematization 
of physical theories, and. in analogy to the atoms of Democritus, 
wished to provide a rational explanation of the objectively observa
ble vanety of phenomena with elements of mathematics. :He 
dreamed of a universal mathematics which could contain the whole 
of human knowledge. This idea was taken up by Leibniz and 
others, and all objective reality was considered to be a mathemati
cal structure. 

The idealist line goes back to the traditions of Plato and Aris
totle. For Plato, the uideas" were a ltinadom of their own. 
independent of the sensuous world. Ahho\llh knowledge was stim
ulated by sense perception. this perception did not provide knowl
edae of the ideas which were ultimately the cause of all phenomena 
and objects. For Plato. knowledge came about throuah the mem
ory of the soul which had lived in the lcinadom of ideas before it en
tered the human body. Even modern ideatist versions of rational
ism contain - although in much modified form - such mystical 
moments of revelation without which knowledge remains inex
plicable. 

The problem of deduction plays an important role in all rational
ist epistemoloaical theories. There is always a need to explain how 
conclusions about the sensuously perceptible phenomena can be 
drawn from the fundamentally imperceptible elements of a rational 
explanation of objective re&lity. A consistent idealist rationalism is 
easier to maintain than a materialist rationalism. bec:a~ t.he latter 
always must fmd a materialist explanation for the premises of its 
subsequent deductions. Since justification by experience is not ac
cepted by this rationalism as its startina point, the premises can be 
justified only in the sense of a convention, or as knowledge gained 
through some form of revelation. In either case, an idealist 
foundation stands at the beginning of what is understood to be a 
materialist epistemology. This is a serious inconsistency. 

Due to this inconsistency and the downplaying of experience, ra
tionalism is unacceptable as the epistemological basis for a science 
lilce physics, based as it is on experimentation. measurement, and 
observation. Does this mean that the epistemolQgical basis of physics 
should be sought in some form of empiricism? 

There have been many attempts to prove that the success of pbys-
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ics since the time of Copernicus and Galileo is due to its empirical 
orientation. A feature of philosophical empiricism, howev,er. is the 
strict metaphysical separation of supposedly " purely ,empirical ex
perience,. and supposedly "purely theoretical knowledge! ' Al
though the latter is supposed to emerae from pure experience, em
pirical experience in the form of measurements made du.rina obser
vations and experiment is said to be completely independent of all 
theory. Here. two problems arise. First, is there such a thiDa as 
purely empirical research? If so, one must show that it bas dom
inated the development of physics up to the present. This is neces
sary if empiricism is to serve as the epistemoloai<:al foundation for 
physics. Second. it should then be possible, in principle, to fmd an 
aJaorithm (presumably, as the result of a very complicated research 
process) that can provide a theory that corresponds to the experi
ence of physical observation and experiment. If such an algorithm 
were found, theoretical research could then be done by a computer. 
while the physicists would concentrate on new observations. new 
experiments, and new measurements. 1be question is, therefore. 
whether the history of physics can provide any indications of such a 
possibility. For a defense of empiricism it would not even be-neces
sary to provide the beainninp for such an alaorithm - this already 
could be too difficult for us. It would be sufficient to prove that 
the importance of theoretical research decreases with the inaease 
of lcnowledae. 

The history of physics. however, shows us that empiricism can
not be an epistanolOJical basis for physi<:s. No purely anpirical r~ 
search bas ever existed durin& the entire period over which physics 
developed. Experiment has always been directed to queltions 
about nature arisina in connection with important theoretical dis
cussions about confii'Dled theories or promisina theoretical ap
proaches Therefore. experiment bas always answered questions 
which h;ft. been encountered within some appropriate theoretical 
framework. Apan from the many experiments performed to check 
certain statements of a physical theory or to provide empirical 
knowledge for a theory, many experiments in the history of physics 
have been performed for other reasons. For example, Oersted ex· 
perimented with electric currents and magnetic needles to clarify 
the connection between electrical and mqnetic phenomena as sug
gested by Schelling's natural philosophy. Experiments were carried 
out with the steam engine in the second half of the eiahteenth cen
tury mainly to satisfy the needs of the rapidly developina industrial 
production in England and France. The ftrst steam enaine was 
built not only for practical and technical experience. but also out of 
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theoretical considerations. It was not. however. an experiment to 
check and develop the then-current phlogiston theory of heat. but 
was a Jarg~scale technological undenaking which led to the neces
sity of developing thermodynamics as a physical theory. 

A careful analysis of the development of the productive forces. 
physical theories. and physical experiments in their in~erconnec
tions can lead to many interesting details about the development of 
science.S It is possible that an enterprising and persevering 
historian may find examples of a purely empirical approach by 
physicists which contnouted to the progress of physics. But our 
present knowledae is sufficient for Ul to state that a purely empir
ical approach. in the sense of philosophical empiriciam. was never 
predominant in experimental research or in observation: There 
were. no doubt. many empirical observations which were not based 
on a theory of observed objects or a similar theoretical approach. 
This is still not an argwnent for empiricism. however. because in all 
aspects of such research there is also a close link between theory 
and practice. All observations employ a means of oblervation. The 
simplest are our sense organa. but more often we abo use instru
ments. The result of an observation can only be accepted as an 
"empirical basis .. for further scientific research if there is no doubt 
about what this result tells us about the objective behavior of the 
observed object. Thus. the dialectics of the investipting subject 
and the investigated object must also be taken into account in the 
experimental investiption of an objective occurrence. The aim of 
the experimental method is to pin knowledae about the object of 
cognition and its behavior. uninfluenced by the subject of cogni
tion. To disprove an empirical interpretation of the observation. 
one must at least have a theory which explains the function of the 
instruments used for observation. This also applies to the exper
iment. because an experiment always ends with the observer•s per
ception. 

Contrary to the widespread on~sided emphasis on observation 
that is characteristic of empiricism. theoretical ideas about the ob
served objects and the criteria used to establish the truth of a theory 
often take on great importance. For example. the defenders of the 
Ptolemaic world vieW who opposed Galileo when his observations 
supported the Copernican theory. cannot just be dismissed as nar
row-minded apologists for the Catholic Church. They defended a 
theory which had proved itself over centuries and which fitted very 
well into their view. For them. experiment and observation were 
not criteria for the truth of a theory. Galileo•s arguments could not 
convince them. for they would have had to change their ideas about 
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the criteria of truth. And they probably saw no reason to do this. 
because Galileo•s observations were valid only in light of his tel~ 
scope theory and thus were only one argument against Ptolemy. 
Before Galileo. telescopes were not used to observe the heavenly 
bodies. whose exact position could be predicted by the mathemat
ically complicated Ptolemaic system. Galileo•s opponents were not 
prepared even to consider his argumentS because they saw no rea
son to question their own theory of the heavens. which Galileo was 
now opposing on the basis of what they felt was his instrument 
theory. 

In our polemi<:s with empiricism. we need to rmd out if the his
tory of physics provides any indication that the importance of th~ 
oretical research work is decreasing. This is fairly simple. We need 
only paint out that a relatively independent theoretical physics bas 
emeraed since the middle of the nineteenth century. and its impor
tance bas certainly not decreased. But it bas not developed in isola
tion from experimental research. The unity of physics continues to 
express itself in the unity of theory. experiment. and systematic ob
servation. This unity bas been achieved within the process of r~ 
search. in connection with a far-reachina division of labor. Al
though experimental physicists cannot work without comprehen
sive theoretical knowledge. they can ao experimental research with
out actually developing the theoretical side funher. In the sam~ 
way. theorists who wish to contribute to the development of phys
ics cannot work without a knowledge of the results of experimental 
work. but they can do theoretical research without performina any 
experiments themselves. In the practice of physical ~cb. many 
forms of cooperation between experimental and theoretical physi
cists have developed. This teamwork is pining in importance. At 
the same time. however. the sianificance of the individual theoret
ical directions and experimental techniques and the responsibility 
of the individual investiptor in the scientific division of labor are 
also increasing. 

The underestimation of theory characteristic of philosophical 
empiricism is in gross contradiction to the actual development of 
physics and the other sciences. Engels made this strikingly clear 
more than one hundred years ago: "However areat one•s contempt 
for all theoretical thought. nevertheless one cannot bring two nat
ural facts into relation with each other. or understand the connec
tion existing between them. without theoretical thought~ . .. . Con
tempt of theory is evidently the most cenain way to think natural
istically. and therefore incorrectly. But. according to an old and 
dialectical law, incorrect thinking. carried to its logical conclusion. 
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inevitably arrives at the opposite of its point of departure. Henee, 
the empirical contempt for dialectics is punished tiy some of the 
most sober empiricists being led into the most barren of all supersti
tions, into modern spiritualism.••6 Thus, tmpiricism cannot serve 
as tM tpistemologicol foundation of physks. · 

Alona with the stormy development of a relatively independent 
theoretical physics, rationalism is at present comins back into fash
ion. It often happens that empirically oriented scientists go over to 

. rationalist positions after they have recopized that every empirical 
experience presupposes theoretical knowledge, that theory and 
practice cannot be separated. Because they lack knowledge of dia
lectics, they choose rationalism as the metaphysical alternative to 
empiricism, and postulate the atmo.t absolute autonomy of the
oretical science, and ocCasionally JO to idealist ~· Lakatos, 
for example, takes the development of scientific theories back to 
the world of Plato and claims: .. The direction of science is deter· 
mined primarily by creative imqination and not by the universe of 
facts which surround us. "7 There is no doubt that scientifiC pro
gress without creative imasination is impossible. However, cre
ative ima,;nation alone cannot lead to knowledae about objective 
reality if it does not come into contact with it at some point. As the 
history of physics has often shown us, a complex of facton is at 
work here. We have had phases in the history of physical theories 
in which purely hypothetical, theoretical .. speculations" have 
proved successful. Examples are Heisenberg's assumptions which 
led to his matrix mechanics or Einstein's ideas about the laws of na
ture, which led him to the theory of general relativity. However, it. 
is impossible to conclude from this that the autonomy of theory 
alone makes scientific progress possible. 

There is no doubt that the relative independence or autonpmy of 
theoretical research is of signif"ICIDCe for PI'OifCSS in physics. How
ever a theory which has absolutely no contact with the results of 
observation and experiment is not a physical theory. Physics is a 
science which investiptes the objective laws of nature. The truth 
of its theories can be established only if their consequences coincide 
with the results of observation and experiment. 

111erefort rotionalism, too, cannot serve as the episttmological 
foundotions of physics. Physics, as a science that investigates the 
laws of objective reality, needs a sufficiently secure empirical basis. 
Empiricism, however, reduces the achievements of physics to this 
basis alone, and underestimates theoretical thought. Rationalism, 
on the other band, overestimates theoretical thought and denies the 
need of an empirical basis for physics. What we must then do is in-
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vestigate the multifaceted dialectical interconnections between 
measurements in systematic observation and planned experiment 
on the one hand, and the mathematized physical theories on the 
other. Here one finds many mediating links between the exper
imental and the mathematical-theoretical methods, such as hy
potheses. models, and thought experiments. 

A dialectical-materialist investigation of the methodological 
structure of physics leads one away from the metaphysical alterna
tive-empiricism or rationalism. Sucb an investigation will lead 
us to the dialectical telationships among observation, experiment, 
and theory, and to the fundamental role of processes of measure
ment in the mathematization of physics. 

Empiricism and rationalism are attempts at philosophical reduc
tionism. Bmpiridam tries to reduce all knowledge to an empirical 
ba&ia; rationalism tries to reduce all knowledge to reason. But even 
if empiricism and rationalism fail, this does not mean that all leait
~te sci!ntific reductions must be condemned. One mUst carefully 
differentiate between philosophical reductionism and well-founded 
attempts to pin scientific knowledge by means of reduction. 

The attempts to reduce all p~omena of physics to a single 
physical research program, namely, to reduce physics to mechan
ics, brought a number of important results ("mechanical" theory 
of heat). In thermodynamics and electrodynamics these attempts 
ran into physical boundaries that Newton could flot foresee. The 
attempts to reduce the laws of the whole to the laws of its pans, 
that is, system laws to clement laws, led to a number of important 
intermediate results, for example, the theoretical basis for statisti
cal mechanics (even though it was not PQSSible to reduce statistical 
mecha:n.ics to the microphysics from which it arises). We have al
ready noted that biological research has been enormously stim
ulated by the application of physical and chemical methods. The 
limits of all these attempts to pin new knowledge throuah reduc
tion become recognized during the attempts themselVes. The recog
nition of these limits provides us with arguments against philosoph
ical reductionism, but the abandonment of such reductions on the 
grounds of their scientific incompleteness, would severely limit the 
arsenal of scientific methods available to us. 

Empiricism and rationalism metaphysically separate the subject 
of cognition from the object of cognition in the process of cogni
tion; rationalism refers the entire process of cognition back to the 
subject. The dialectical-materialist solution to the problem lies in 
the dialectical integration of subject and object on the basis of a 
consistent materialism. Thus, empiricism and rationalism, as we 
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have shown, are equally unsuitable to serve as an epistemological 
foundation for physics. They are capable of explaining neither the 
possibility of scientific research nor the historically established 
progress made in the sciences. The solution lies in a dialectical
materialist synthesis of the rational elements of empiricism and of 
rationalism. · 

The aim and criterion of-truth of scientific knowledge is practice. 
This is the thesis with which dialectical materialism opposes practi-

. cism, pragmatism, and all attempts, despite scientific proaress, to 
leave room for agnosticism. Thus Jordan claims that physical re
search does not aim to "disclose the 'ttue' essence of things lying 
'behind' the world of phenomena, but rather to develop systems of 
thouaht for control of the world of phenomena. "8 DialectiCal ma
terialism, however, shows that physical research aisps at cognition 
of the laws of the essen<:e of things, and that the process that leads 
to such knowledge, like every other process of cognition, is deeply 
dialectical. This is clearly expressed in Lenin's conspectus on 
Hegel's Science of Logic: 

Knowledae is the reflection of nature by man. But this is not a 
simple, not an immediate, not a complete reflection, but the proc· 
ess of a series of abstractions, the formation and development of 
concepts, laws, etc., and these concepts, laws, etc. (thouabt, sci· 
ence = "the loaical Idea") embftl~ conditionally, approximately 
the universal law-governed character of eternally movina and de
veloping nature. Here there are actually, objectively, tlree mem· 
bers: 1) nature; 2) human coanition = the human brala (as the 
hiahest product of this same nature), and 3) the form of reflection 
of nature in human cognition, and this form consists precisely of 
concepts, laws, categories, etc. Man cannot comprehend • re
flect = mirror nature as a whole, in its completeness, its "imme
diate totality," he can only eternally come closer to this, creating 
abstractions, concepts, laws, a scientific picture of the world, 
etc., etc.9 

On the road from the concrete objects of-our immediate experience 
in experiment and observation to the abstractions of scientific the
ories, our thinking seemingly departs from reality. However, the 
analysis of the process of cognition shows that "thought proceed
ing from the concrete to the abstract - provided it is correct . . . -
does not get away from the truth but comes- closer to it. The ab
straction of matter, of a law of nature, the abstraction of value, 
etc., in short all scientific (correct, serious, not absurd) abstractions 
reflect nature more deeply, truly and complet~ly." 10 
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How this "reflection of nature by man" comes about in physics 
we will now investigate by analyzing the connections among the in
dividual methods we have discussed. It is necessary to elaborate the 
specific features of these methods without losing siaht of the c9n
nections. It should become clear that in physics there are a wide 
range of methods whose boundaries are formed by the experimental 
method on one side and by the mathematical-theoretical method on 
the other. The choice of research method does not depend on a 
subjective arbitrary decision by the physicist, but is determined by 
the object under investigation, the level of knowledge, and the aim 
of the research. These factors, however, do not clearly indicate 
which is the best method for the research to be successful. The 
methods can involve systematic observation, experimental interfer
ence in the objective occurrence, and the search for possible rela
tions among ideal objects. In order to arrive at scientific theories 
about objective reality, the connection between theory and the 
objective reality must be established. This is achieved by using the 
possible relations among ideal ,objects for representing the real re
lations among real objects, and the results are tested throuah exper
iment and observation.ll 

3. 'I'M Rok of Oburvtldon, Expmmmt, fiiUJ MMIII,..,.,t 
In tlw EJcperlnwtltlll Mnhod of Physics 

Human beings have been observing nature for thousands of years. 
Again and again, they have generalized the experiences gained in 
the process of production in order to improve the instruments and 
methods of production. The Greek philosophers and mathemati
cians (Archimedes, Aristotle, Pythqoras, Ptolemy) variously re
ferred to observation and experiment for the substantiation of their 
philosophical views. Only with the emergence of the bourgeoisie 
during the early bourgeois revolutionary period did there arise a 
natural science based on systematic observation and purposive ex
perimentation which was able to provide a store of readily applied 
knowledge. It was Galileo who founded the experimental method 
in physics. He believed that throuah experiment physical research 
is capable of establishing a suspected law of nature. Galileo wrote: 

We have decided to consider the phenomena of bodies falling 
with an acceleration such as actually occurs in nature and to make 
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thiJ definition of acc:derated motion exhibit the euential features 
of oblerved accelerated motJoos. • . • And thil, at Jut, after ro
peated efforts we uuat we have aucceeded in doina. In thiJ belief 
we are confll'med mainly by the~ that aperimenta1 
resulu are aeen to aaree with a.od cuctly correspond with thole 
pro~ which have been, one after another, demoDitrated 
by us.ll 

Physics was the rust natural science that, in accordance with tlie 
· economic:, tcc:bnoloJic:al, and pbilosopbical needs of wbat was then 

the bistoric:ally proaressive bour,eoiaie, elaborated a method whic:b 
makes new and deeper inliahtJ into the laws of nature continually 
possible. Observation and experiment, coupled with the applica
tion of mathematics, bave played a decisive role from the start. A 
precondition for, and constituent element of, the development of 
matbematized pbyaic:al theories wu the measurement of pbysic:al 
quantities in observation and experiment. Only on the basis of 
measured quantities c:an tbe values of theoretk:al CODStructions be 
projected and determined. 

A methodoloJY whicb emerpd under certain bistoric:al condi
tions is also developed further and applied under concrete historic:al 
conditions. Tbis is reflected in the presence of influences from the 
concurrent relations of production, level of productive forces, and 
superstnlc:ture (especially world view and ideolOIY). althoqb these 
influences enter in abiably mediated (indirect) way. Tbe metbodl of 
physics, are, after all, directed at the disc:overy of objective laws of 
nature and the c:riteria for the truth of physical theories are in 
qreement with the results of observation and experiment. Tbero
fore these methods, wbicb are tools for the acquisition of knowl
ectae. are relatively independent of the social conditions and con
tinue to develop in relative independence. 

Physiet~l o~ations a~ purposiw pefUPtions or m«tSUn
tMnts of definite physical properties in observed objects. Physical 
experiments a~ ob#rwltlons of ~nite properties of r«ll objects 
and /)f'O«SSes under partly control/«1 conditions which a~ con
sciously Wlried by the investigator. 

The pbysic:al properties of real objects and processes studied by 
observations and experiment can be separated from their c:arriers 
only mentally. Tbe fact that they appear only in interaction with 
other objects and processes does not always mean that they are 
formed in this interaction. Every material object and every mater
ial process bas a number of objective properties wbic:b make it pos-
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sible to remove this object or process from the universal interaction 
and thus create the objective buis for identifyina this ' object or 
process, or at least a representative of a certain clasS of objects or 
processes, u objects or processes u such. As we aeneralize the ro
sults of the various proc:eua of c:oplition, we conclude that the 
properties of all objec:ts and processes, interaaiq with one another 
in a variety of ways, are inexhaustible and that we must concen
trate on the essential properties. 

Experiments and observation are distinauisbed by the fact that 
both the objec:ts and proc:esses to be observed and their properties 
are already embraced by the framework of exiatina theoretic:al 
knowlqe. 1bat is why, in our polemic: apinst empiricism, we 
stressed the dependence of observation and experiment on theory. 
Neitlier the outcome of the experiment! nor the results of the obser
vations depend on the theory. Wlult we observe, how and with 
wlult we experiment, depend on the theory. Meaninaful observa
tions must answer meaninaful questions within the framework of 
defmite theoretical views. Tbus, we know throuah our everyday 
experienc:e and on the basis of c:lasaic:al mechanics, it is meaninaful 
to measure the position and' veloc:ity of heavenly bodies simultan
eously. Quantum mec:h•nica forbids us from extrapoJatina this ex
perience to the realm of mic:ropbysica. Tberefore, we would not 
even try to perform sucb an experiment on mic:roobjec:ts, because 
the laws kno~ for this domain make it pointless. 

Tbe dependcnc:e of oblervatioo on .theory is further expreaed by 
the fact that it is impossible to formulate a completely theory-free 
oblervationallaquqe. If pbysic:isu speak of "velocity" they usu
ally mean the c:onc:ept Uled in c:lusic:al mechanics. If, however, 
they want to make clear that one must take the relativistic view into 
acc::ount, they will speak of "relativistic: velocity." But if one 
speaks of "velocity" in quantum pbysic:s, then every pbysic:ist 
knows that this concept is beiDa used because of c:ertain correspon
dence relations whic:h connect mic:ropbysic:s and macropbysic:s. 
Moreover, the concept of velocity is defined in microphysics very 
differently from that in classic:al mec:hanics. The empiricism ofloa
ic:al neopositivism bas failed to explain the fact that the linguistic: 
expression of results of observation is formulated liquistic:ally in a 
context that is inseparable from theoretic:al ideas. 

Experiment bu the advantaae over observation of beina able to 
create and vary the conditions under whic:b the experimentally in
vestipted objects and processes are to be observed. 1be only 
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choice that we have in observation is to decide what we want to ob
serve, but experiment gives us the opponunity to choose freely. in 
pan, the conditions of ~riment. From the evaluation of the ex
periment, conclusions can then be drawn about the corresponding 
behavior of objects and processes under conditions that are not in
fl~enced or controlled by the investigator. This is why the dialectics 
of subject and object in the process of coanition must be taken into 
account. From the behavior of the object of cognition, observed 

·by the subject of cognition under controlled conditions, conclu
sions can be drawn about the behavior of the object independently 
of the subject of cognition. Thus the subject and object cannot be 
metaphysically separated nor is there reason to adopt subjectivism 
or demand objectivism from this fact. 

In order to ·avoid such positions in practice, the total complex of 
experimental conditions must be analyzed. This means, above all, 
that one must be clear about the way the exPerimental situation 
breaks the entire complex of objective connections, and what influ
ence the neglected conditions can have on the objective occurrences 
of the experiment. To determine this it may be necessary to carry 
out special tests in experimental arrangements under various condi
tions of isolation. The essence of the experiment is the objective 
analysis of the actual Occurrences. In all theoretical aeneralizations 
of experimentally acquired knowledge, we must never forget that 
complete knowledae of all the experimental conditions is not poui
ble, as we have seen from the dialectics of the process of cognition. 
Such knowledge is not even necessary. It is sufficient to know the 
essential conditions and take them into account. Otherwise relativ
ism in experimental cognition would be unavoidable. However. it 
can happen that conditions which were originally considered ines
sential prove to be essential with the advance in knowledge. This 
can result from a refmement of the measurina technique or the dis
covery of previously unknown law-governed connections. ·Here we 
again encounter the dialectical relations between experiment and 
theory. which once more justifies the cognitive optimism of dialec-
tical materialism. ' 

All known laws can be used to establish the experimental condi
tions and the kind of measurina equipment to be employed. Laws 
can serve also as the basis for extensive conclusions about the un
observed from the observed. Thus, all additions to our knowledge 
of laws extend the relevance of the experimental act and thereby 
create better conditions for the cognition of hitheno unknown 
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laws. The synthesis of objective reality based on the analysis of ob
servations and experiments is then expressed in theories w)Jose con
clusions again must be checked experimentally. thatJs. measured 
through observation and experiment. There art no physical the
ories which do not eventually lead to experimentally or observa
tionally verifUJble consequences. Thertfort, experiment and obser
vation are essential parts of a practical test of a physical theory. In 
this respect they are a part of social practice, which is the decisive 
criterion for the truth of scientific knowledge. 

The limits of validity or application of theories and methods can 
be tested by experiment and observation, before these limits are es
tablished by theoretical research. If theoretical research has 
already determined such limits, they can be tested afterward by ex
periment and o~rvation. Every comparison of theoretical knowl
edae with experience presupposes measurements from experiments 
or observations. Measurements are also a fundamental precondition 
for mathematization of physical theories. That is why physics was 
able to emerge only when mathematical methods were incorporated 
into the experimental methods for the observation of nature. · 

The obvious advantages offered by experiment for acquiriDJ 
tested scientific experience must not lead to the underestimation of 
the importance of systematic observation. Whether the objects of 
investigation can be subjected to scientific experiment or whether 
one is limited to systematic observations depends ultimately on the 
nature of the objects. ·No one would seriously try to experiment 
with the universe as a whole or with the solar system. But this does 
not mean that these objects are not accessible to scientific investiga
tion. Cosmological theories can only be tested with material gained 
from observation. This accounts for a number of methodological 
complications. In this field of physical research we can only gener
alize theoretically what in fact has been found empirically. We are 
not able to create an experimental situation, although theoretical 
conclusions from laboratory experiments can be incorporated into 
the overall theory. 

In the process of cognition, use is made of experiment and obser
vation to acquire data to confirm some panicular theory. to verify 
some of its predictions, or simply to lay the basis for the formula
tion of a theory. In all cases, real objects are utilized and are sub
jected· to the more or less ideal conditions of the experiment or ob
servation. Theory, however, must always work with ideal objects. 
Mass points do not exist in reality, but they can be simulated with 
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sufficient accuracy, e.J., in the motion of a planet around the sun. 
Under certain conditions one can treat the real object as an ideal 
object in the sense of the theory. An encroachment by the subject 
of cosnition upon the objective occurrence arises in this situation, 
but this is also the case when the subject chooses the conditions of 
observation and experiment. In one case we are dealina with ideal 
conditions and in the other case with material conditions. In either 
case, these conditions have to be taken into account when the limits 
of validity of our knowledae are determined. 
· The fact that classical mechanics usually neglects the chanaeabil

ity of macroobjects does not mean that physicists consider these 
objects absolutely unchanaeable. However, under the conditions 
studied by classical mechanics, they can be viewed as unchanse
able. At any rate, physical theories do not exclude objective devel
opment. As the thermodynamics of irreversible processes shows, 
they can even stake out the framework for processes of develop
ment. Often, however, it is possible to neaJect questions of devel
opment in physical problems. But this is not a justification for 
metaphysical thinkins in physics. On the contrary, it is necessary 
to know the limits within which theory can treat chanainl objects 
as undlansinl. 

Metbodolosically, we must differentiate amona experiment, ob
servation, measurement, and experimental method. The exper
imental method can become a component pan of the methodolOSY 
of a matbematized natural science only on the basis of measure
menu. Measurement Completes an obeervation or reaiJters the re
sult of an experiment. Every measurement presuppo~a a mcasur
ina instrument, a situation created by human beinp on the buia of 
the known laws, in which the result of the interaction between 
meuurins instrument and object is established. As a result of the 
interaction between the meuurina instrument and object oc:currina 
under well-.defmed conditions, the results are registered in the form 
of sipals and the interaction thus becomes one part of the behavior 
of the object. Just as measurin& instruments are a specific means 
for the objectification of scientific knowledse, they are also the ex
pression of the creative activity of the subject of cosnition. The 
creation of certain conditions and their variation exert an active in
fluence on the object of invtstiption. This interaction contributes 
to the deeper and more complete understandins of the object. In 
particular, one can then create such conditions and study such 
properties and behavior that do not manifest themselves in the 
same way durin& the natural existence of the object. This is impor
tant in aeneral, for scientific cosnition, and, in particular, for the 
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as well as the interpretation of the results in the light of already 
existins theories or theories under formulation. 

4. Eplltmrologlctll and Mnhodoloflcal Problma.r 
of the Process of PhyslcQI MetUUTmrmt 

a. Phyllctll concepti and metUUI't 

Every physical measurement employs some measure for physical 
concepts. The properties of physical objects reflected in the con
cepts are then expressed in numbers. The introduction of a 
measure makes it possible to deal with the quantitative side of phys
ical qualities. Theoretically, any real number can occur as the 
measured value. In practice, every measurement has an error, and 
the measurement process determines the ranse of real numbers 
within which the true value of the measured quantity lies.14 

Here, we will deal only with the establishment of measures. A 
measure can be introduced by definition through the use of law 
statements in terms of measures already existins (secondary meas
ures), but without this a direct measure can also be introduced (pri
mary measures). 

Primary measures depend on a relation of comparison, i.e., a 
topolosization must already have been carried out. Comparative 
concepts can generally be described as follows: "xis Jess ••• than 
y" or "x is equally ... as y ." Thus, the comparative concept '~x is 
less bright than y" or "x is equally brisht as y" differs from the 
classificatory concept bright by the fact that the former makes it 
possible, in 'contrast to the latter, to set up a certain ordering in the 
field of investiption. This advantage of comparative concepts ap
plies to an even sreater degree to numerical measttres, for which 
case numbers or sets of numbers can be assisned to an object or a 
set of objects. Some physical concepts associated with such numer
ical measures are, for example, temperature, velocity, and volume. 
An important advantage of numerical measures is that they make 
possible a differentiation in cases where this is not possible with 
classif~atory or comparative concepts. Hence, the numerical 
measure for wind speea in meters per second makes possible sreater 
differentiation than can be done with a scale based on twelve wind 
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as well as the interpretation o f the results in the light of already 
existing theories or theories under formulation. 

4. Epistemololictll and Methodololic4J Problnru 
of the Process of Physical M«~S~Ut!!tMnt 

a. Physlctd concepts and m«<SSII't 

Every physical measurement employs some measure for physical 
concepts. The properties of physical objects reflected in the con
cepts are then expressed in numbers. The introduction of a 
measure makes it possible to deal with the quantitative side of phys
ical qualities. Theoretically, any real number can occur as the 
measured value. In practice, every measurement has an error. and 
the measurement process determines the range of real numbers 
within which the true value of the measured quantity lies.l4 

Here, we will deal only with the establishment of measures. A 
measure can be introduced by definition through the use of law 
statements in terms of measures already existing (secondary meas
ures), but without this a direct measure can also be introduced (pri
mary measures). 

Primary measures depend on a relation of comparison, i.e. , a 
topologization must already have been carried out. Comparative 
concepts can generally be described as follows: "x is less . .. than 
y" or "xis equally . .. as y." Thus, the comparative concept "xis 
less bright than y" or "xis equally bright as y" differs from. the 
classificatory concept bright by the fact that the former makes it 
possible, in contrast to the latter, to set up a certain ordering in the 
field of investigation. This advantage of comparative concepts ap
plies to an even greater degree to numerical measares, for which 
case numbers or sets of nlimbers can be assigned to an object or a 
set of objects. Some physical concepts associated with such numer
ical measures are, for example, temperature, velocity, and volume. 
An important advantage of numerical measures is that they make 
possible a differentiation in cases where this is not possible with 
classif'~catory or comparative conceptS. Hence, the numeric8J 
measure for wind speea in meters per second makes possible greater 
differentiation than can be done with a scale based on twelve wind 
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speeds as determined by the effects of the wind. At the same time, 
numerical measures allow the same determinations as classificatory 
and comparative concepts. , · 

The advantages o f numerical measures over nonnumerical ones 
become very clear when law statements are formulated. This is es
pecially the case when a law-governed connection is to be described 
by three or more variables. An example is the universal gas law. It 
is known that the volume of a gas is proportional to the temper
ature and inversely proportional to the pressure. In all cases in 
which temperature and pressure either increase or decrease simul
taneously, one can predict the behavior of all three variables only 
on the basis of a description of the mutual intercoDnection of the 
three ·variables based on a numerical measure. For example, 
whether or not the vol~e increases, remains the same; or de
creases depends on whether the temperature increases more rapidly 
than, the same as, or o;1ore slowly than the pressure. As long as 
there is no procedure available for associating the temperature and 
the pressure with numerical values, nothing can be said about the 
change in .volume. 

In passing from comparative to numerical measures the follow
ing factors have to be considered: 

1. choice of a form of scale: a decision bas to be made about 
when two intervals on the scale, i.e. , two quantitative differ
ences of the given quantity are to be taken as equal or un
equal. 

2. the position of the zero on the scale: a decision must be made 
about when a prope~y is ~o be assigned the value of zero. 

3. the choice of a suitable unit: the size of one unit of the phys
ical quantity has to be fixed. 

Topologization and the establishment of a measure are the the· 
oretical foundations of measurement. The measurement should be 
seen as a practical activity for verifying and realizing both concep
tions. They· have a common logical structure, which is supple- 
mented by decisions on the form of scale, the position of the zero, 
and the size of the unit. 
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b. SP«I/k f..nua of t1w phpbl ~ pi'OU66 
In WIIICTOphp/a llltd mkrop/lp/Q 

If there is a chanae in the two interactina physical systems - the 
object of the measurement and the instrument - during a measur~ 
ment, then the question arises whether the propeities found as a re
sult of the measurement also_ exist independently of the measure
ment or have meanina only in connection with the meuurement. 
The experimental data represent statements about the results of the 
measurement. The properties thus found are then the direct ex
pression of the interaction between the object and the instrument. 
Therefore, in the aeneral case, the interaction cannot- be neglected, 
and the property observed cannot on~sidedly be assiped to the 
object in isolation from its relations to other things and phenom
ena. If this were -done, the dialectics of interaction would be dis
solved in the totality of correlation-free relations among individual 
objects and processes. Such a view would ultimately be ·based on 
the existCDQC of " objects-in-themselves,. as. carriers of properties in 
isolation from all interactions. In this way the material unity of the 
world would consist of interactions amona wichangeable objects, 
whose propertia could cbaqe in some det"m.ite way without the ob
jects themselves chanaina. In the fmal analysis, such a coacept of 
the relationship between object and property amounts to the sepa
ration of matter from motion. It is linked with the Aristotelian 
view of substance an4 is incompatible with the dialectical-material
ist CODc:Cpt of matter. It is oo Jonaer the dominant view for the de
scription of physical objects. Our knowledae of physical objects is 
the result of the investigation of various forms of interaction 
amona objects. 

In the process of measurement a special form of interaction is of 
fundamental sipificance: The interaction between the measured 
object and measurina apparatus must also be included amona the 
various types of physical interactions. It cannot be adequately de
saibed by the concept "disturbance of object by the measurina ap
paratus," because this is only one side of a dialectical interrela· 
tionship. 

The concept observable must be introduced into the theory of the 
measwi.na process. By observable we understand the "totality of 
determinations about a) an object of measurement, b) a measurina 
apparatus, c) a prescription about how the measuring apparatus is 
to be used, and d) a unit of measurement . . . provided that two 
measurements of the same kind, one immediately foUowina the 
other, yield the same result with certainty.••15 It is quite clear that 
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• we have introduced a theoretical concept. In practice, two succes
sive measurements hardly ever yield the same result with certainty. 

The information acquired in the process of measurement must 
not be viewed independently of the interaction connect'ed with the 
measuring process. It expresaes the connection between the interac
tion and the properties of an object in a specif"ac way. It indicates 
the relativity of the properties in relation to the interaction. • 'That 
is ~.by one definitely cannot understand by the concept of observ
able the property of the measured object in isolation from the pro
cess of meuurement and the measuri.ng apparatus. ••16 

These conclusions could only be formulated after physics bad 
penetrated the microworld. The problema of measurement in mac
rophysics and microphysics, apart from their common features, 
also have a number of extremely important differences. 

A fundamental assumwon for the theoretical constructions used 
in macrophysics is that the phenomena are independent of the con
ditions of oblavatioo. AocordinalY, physical pbeoomeoa aDd proc
esses are absolute in the saue that the properties of the object, as 
established tbroup the meuurement, are not, in priodple, deter
mined by the means of copition. A dependence arises only in con
nection with the reference system, whereby one and the same ph~ 
nomeoon can take on different fonns in frames of reference that 
move relative to one another. Fock remarks: " The pbysai proc
ess was considered somethina that oocun 'in-itself, ' and not as a 
phenomenon which can be concretely known with the help of cer
tain means of observation. In other words, a phenomenon was 
related not to an instrument with a certain construction, but at 
most to a measurina instrument as a whole which moves in a certain 
way (a certain frame of reference). This usual abstraction in clas
sical physics can be described as ablolutiziua the concept of the 
physical process." 17 

This absolut.i.zina of physical processes means that the objects are 
aiven properties which they then have absolutely. independently of 
their interaction with a measuri.ng apparatus, and which cannot be 
explained and understood on the basis of the theory. !'~low. the fact 
is that every theory establishes properties in relation to the objects 
and connections embraced by it which are neither investipted 
within the framework of this theory nor explained· throu&h reduc
tion to elementary properties and connections. This is what essen
tially determines the area of application and validity of a theory. 
To extend our knowledge of the physical world we investipte the 
relationship between such properties and the physical domain 
under study by reducing the properties to behavior in interaction. 
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The more general connections discovered in this way contribute to 
the unification of the theoretical foundations. A real limitation of 
such an approach to measurements in macrophysics is the fact that 
the interaction between measuring instrument and the measured 
object is not, in principle, considered to be ·or ilpportance in regard 
to the properties that are established in this way. We are thus faced 
by a one-sided view of the relation between interaction and proper
ty which absolutizes the latter. From the result of a measurement it 
can be concluded that this property also belonged to the object be
fore the measurement. The necessary interaction between appara
tus and object is considered a disturbance of the actual physical 
process, and the task of the experimenter is seen to be to keep this 
disturbance to a minimum. 

This can be done in the domain of macrophysics. The distur
bances in the measurina process can be considered small if their ef
fect is nqligible in comparison with the macrophysical effects 
under invesdption. This is the case in claasical physics, as we 
pointed out in chapter 3. Measuremenu of Brownian motion by re
fined techniques have set unsurpassible limits for absolutely exact 
physical measurements, the theory of which is given by statistical 
physics. These measurements show that even in macrophysics, two 
measurements following one another directly do not provide the 
same result. 

From the fact that the effect of an apparatus on the object in mac
rophyBica is practically nealigible, one cannot draw the epistemo
logical conclusion that, if Brownian motion is neglected, abaolutely 
sharp measurina values are the only meaningful abstraction for 
cJusical physics. Such abstractions cannot be justified by measure
menu that have been carried out in practice. They can be sub
stantiated only within the framework of a mathematically rigorous 
formalism of classical physics.l8 

Needless to say. every scientific theory - and this applies also to 
macrophysics as a whole - is only an approximate reflection of 
certain domains of objective reality. Within a given assumed scope 
of validity and applicability it is certainly legitimate and even neces
sary to neglect effects beyond some order of m!lgnitude. If other 
appropriate assumptions are made, the same holds for the interac
tion connected with measurements in macrophysics. However, one 
cannot then draw general conclusions from such interactions, but 
only make statements on the basis of the given assumptions. 

In chapter 3 we already dealt with the measuring process as an 
objective interaction between the measuring instrument and the ob
ject of the measurement. We pointed out the importance of not 
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neglecting the effect of the instrument on the object. We will now 
examine these epistemological problems in greater detail. · 

By comparing the measurina process in macrophysics with that 
. in microphysics, Fock concluded: 

The basis of the new methods of describina the phenomena must 
take into account the real possibilities of measurement of micro
objects. We must take into account the desiln and the effect of 
the measurin& instruments, which create the conditions in which 
the object finds itself. The measurina apparatus and the external 
conditions must be described clusically, moreover, throuah the 
specification of their parameten. It is understood that these pa
rameters can be only as exact as the Heisenberg inequalities al
low; otherwise we go beyond the real possible limits for the con
struction of measuring apparatuses. 

The necessity of describing atomic objects in a more compli
cated manner by takina the means of observation (instruments) 
into account, arises from the fact that we cannot manaae bere 
without a mediator. The instruments are the necessary mediators 
for research on atomic objects. The atomic object only becomes 
accessible if it interacts with the measurina instrument. . . . 

In order to take all this into account it is necessary to take the 
result of the interaction of the atomic object with the classically 
described measurina instrument u the basic element constitutina 
the subject matter of the physical theory. On the basis of these 
interactions one draws conclusions about propertia of the atomic 
object, and the predictions of the theory are formulated u the ex
pectation values for the interaction.19 

The critical limiting assumptions of macrophysics are no longer 
contained in this conception of measurement in the realm of quan
tum physics. Above all, the measurement is no longer reduced to 
an external and one-sided effect of the object on the instrument, 
but is seen as an interaction in a more comprehensive sense. that is, 
the results are considered to be basic elements of the description of 
the observed phenomenon. and thus the measurement enters the 
physical theory as an essential element of it. From this follows a 
number of conclusions. 

Analysis of typical quantum phenomena shows that there is no 
justification for the assumption that all properties of physical ob
jects are independent of the measurements made to determine 
them, as is postulated in macrophysics. In the general case, 
therefore, this postulate cannot be used for the description of phe
nomena. 

The failure to recognize this was the epistemological basis for the 
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views held for a time by Bohr, Born, Heisenberg, and othen that in 
quantum physics the measurement process involved an " uncontrol
lable" interaction. In the course of a measurement the essence of 
this interaction was reduced to an external disturbance of the al
ready existing "motion-in-itself" or of the qUiescent system. 

The conception that we are presenting here does not exclude the 
existence of properties specific to the object and independent of the 
measurement, such as spin, mass, and charae. Apart from such 
properties, one has to take into account other properties the occur
rence of which is conditioned by the measuring arrangement and 
which do not arise in the object independently of the measurement 
process. Physical objects are therefore no lonaer reprdcd as car
riers of absolute properties, independent of every interaction, es
pecially measurement, but some properties fttst · manifest them
selves in the measurement interaction. These properties are not the 
result of uextemal interference" with the "actual., physical proc
ess, but are u eaeatial element of the theoretical description of 
the obseryed phenomena. 

This means that unlimited divisibility of physical processes can 
no lonaer be assumed as it bad been in macropbysics. If physical 
processes and the observed properties of objects depend on the con
ditions of observation, it can then be assumed that if these are var
ied, different properties will appear. They are then no lonaer sum
marily due to the .object and do not remain independent of the 
given conditions. This is particularly clear when incompatible ex
ternal conditions are required for the occurrence of different prop
erties. Bohr called this situation complementarity. Complementar
ity expresses the relationship between interaction and property typ
ical of the realm of quantum physics and thus also the relativity of 
this relationship. Bohr writes: 

In quantum physics, however, evidence about atomic: objects ob
tained by different experimental arranaementa exhibits a novel 
kind of oomplementary relationship. Indeed, it must be recog
nized that auch evidence which appears contradictory when com
bination into a sinaJe picture is attempted, exhausts all oonceiv
able knowledae about the object. Far from restrictina our efforts 
to put questions to nature in the form of experiments, the notion 
of complementarity simply characterizes the answers we can re
ceive by such inquiry, whenever the interaction between the meas
urina instruments and the objects forms an intesral part of the 
phenomena.20 . 
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Bohr's conception of complementarity developed out of a con
crete physical situation. Freed from positivist theses, it stresses the 
significance of the interaction between the measured object and the 
measuring instrument as an integral part of the phenomena of 
quantum physics and establishes a basis for the -existence of differ
ina, and even contradictory, properties, the connection between 
them, and their relativity. AlthouJh Bohr tried to apply comple
mentarity to areas outside physics, and thus prove its univenal va
lidity, it should not be raised to the rank of a philosophical princi
ple without f-urther substantiation and elaboration. The materialist 
dialec:t.ics of Marxist-Leninist philosophy provides a well-tested 
basis for substantiatina the existence and interconnection of con
tradictory properties. 

From the realization ~at one generally cannot ignore the inter
action between the measured object and the measuring instrument 
in quantum physics in describing the states of microobjects, the 
question arises whether this interaction erects obstacles to the ac
quisition of knowledge. This question baa played an ~t role 
in discussions over the interpretation of quantum mechinics and 
still has not lost its siJnificance today, even if a number of ques
tions linked to it have been clarified. The philosophical importance 
of this question arises from the fact that the knowability of the 
world is an aspect of the basic question of philosophy. 

In a discussion of this problem it is important to note that micro
objects have specific properties, and that one must not see these in 
isolation from their material environment and their specifac rela
tions and separately from their interactions. Not only does this not 
set up obstacles to the acquisition of knowledae, but, on the con
trary, because it extends the relativity of the reference frame to the 
means of observation and examination of their specific characteris
tics, it is possible to grasp objective reality and its dialectical con
tradictory character more deeply and comprehensively. 

The measuring instruments and the external conditions of the 
measuring process must be described m.acrophysicaUy. The limits 
of the real possibilities for the construction of measuring instru
ments are giv~ by the Heisenbera uncertainty relations. These are 
not, however, limits on knowledge. What is important her~ is only 
that knowledge that goes beyond empirical data can be pined from 
consideration of the results of the interaction between the macro
physical measuring instrument and the microobject. This does not, 
of course, contradict the fact that experiment is and will remain the 
source of new knowledge and new scientific ideas. But a scientific 
grasp of information in a theory acquired in this way is not merely 
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the direct transformation of experimental data, but a synthesis in 
which theoret.kal thinking is very important, and where the active 
influence of the subject of knowledge on the object of knowledge is 
assumed and included. The microobject does not become accessible 
to human knowledge through direct observation,· but only through a 
purposely arranged interaction with the measuring instrumerats. It 
is through interactions that properties which are inseparable from 
the objects manifest themselves. This is why it becomes possible to 

. draw conclusions about them from the observation and analysis of 
the results of such interactions. An urilimited variety of ap
proaches for investigation of properties from many sides is possible 
by variation of measuring arrangements and of the associated ex
ternal conditions in accordance with the specific character of the in
vestigated object. 

5. '1"M C6nn«ttn1 LlnJu amon1 Tlwory ad Experlmmt, 
~011, lllld M~ 

The process of acquiring physical knowledae is always a dialectical 
synthesis of experimentally concrete and theoretically constructive 
activity. Objective coanition and activity of the subject of cogni
tion are two aspects of one process. Thus, dialectical materialism 
overcomes the neglect of human activity that was criticized by 
Engels as typical for the natural science of his time, just as it was 
for the whole of pre-Marxist materialism. Engels writes: " Natural 
science, like philosophy, has hitherto entirely neglected the influ
ence of men's activity on their thought; both know only nature on 
the one band and thought on the other. But it is precisely the alter
ation of nature by men, not solely nature as such, which is the most 
essential and-immediate basis of human thought, and it is in the 
measure that man has learned to change nature that his intelligence 
has increased. " 21 The dialectical-materialist theory of coanition 
does not turn this statement into a purely operationalist interpreta
tion of the process of cognition, but it is the theoretical starting 
point for the dialectical synthesis of the process of reflection and 
the result of reflection. 

The reflections of objective properties and connections of the ob
ject of cognition in scientific concepts, laws and their conditions, 
and in theories in various stages of development are a dialectical 
unity of image and project for theory. Hence, they are the result of 
a completed process of reflection and, at the same time, in the form 
of constructively projected elements. They always contain the 
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traces of activity by the subject of cognition. The mechanical-ma
terialist theory of knowledge underestimated the element of projec
tion in the imaging of objective reality. On the other band, conven
tionalism and operationalism exaggerate its importance to such an 
extent that they lose sight of reflection. 

The object of cognition, as part of objective re&lity, is independ
ent of human consciousness. At the same time, by being drawn 
into the sphere of activity of the subject of cognition, it is not inde
pendent of the subject; both reciprocally condition and determine 
one another. And here the question arises whether human beings 
are at all capable of recognizing reality " as it is without alien addi
tion"22 when, to be able to know it, they must ~hange it. 

The experimentally concrete and the theoretically constructive 
activity of the subject of cognition is not an "alien addition" in the 
process of cognition, but its ~ecessary precondition for understand
~g reality as it r.~y is This is the only possibility of avoiding one
sadedn~ and restnctedness that are features of all epistemological 
C?~ceptions that downplay the activities of the subject of cog
nation. 

The Marxist-Leninist theory of knowledge does not fall into the 
~!>r of co~centrating so muc~ on the activity of the subject of cog
rution that at overlooks the obJective nature of the result of reflec
tion or places the activity of the subject of cognition outside the 
sphere of social life that is characterized by production and class 
relations. 

In . t!'e '!farxisf-Leninist theo'? of knowledge. the object of 
cogmt1on ts considered part of objective ret~lity, inthpendent of hu
mtln consciousness, and the subject of cognition, as human society. 
with its historictzlly conditioned level of knowledge. During the 
process of cognition. the object of cognition, being drawn into the 
$fJIJere of the subject of cognition, is no longer compktely independ
ent of !t· 'l}lis ~ialectical .re_lation between the object and subject of 

. cognition tmplws the actiVIty of the subject. But this by no means 
denies the basic positions of materialism, for the material existence 
of the object of cognition remains outside and independent of 
human consciousness. The object is not created by the subject but 
knowledge about the object is acquired by the subject. ' 

In the process of cognition there is no straight path from knowl
edge acquired by observation and experiment to theory, or from 
an already elaborated theory to knowledge based on tested 
practical and useful application. We must examine more closely a 
number of connecting links in this complicated process. Much 
epistemological and methodological research still has to be done to 
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understand properly these links between the theories and the meas
urements in observation and experiment. Empirical and rational 
neopositivist traditions underestimate the importance of this prob
lem, and it is here that the power of materialist dialectics can be dis-
played. . 

In this connection. we will consider the role of models and hy
pothesl!S in the process of copition. They should ~ be .seen ~ 
links in the sense desaibed above. However, they differ m thetr 

.closeness to the methods of mathematical physics. One must also 
take into account the fact that models and hypotheses are often in-
separably connected. · 

Every model is built around hypothetical elements. Every hy
pothesis uses idealized objects in one form or another, and thus 
works with representations also when dealing with the behavior of 
real objects. 

a. MoMI6 

Models can be the preliminary stages as well as the objects of scien
tifiC theories. They also interpret and illustrate already existina for
mal theories.23 By model we UIU:kmiiiUl an imlzlined or matuilll
iud system which atkquately ~ts the (idetzl or materilll) object 
of in~tigation. or reproduces by tllllllogy the sp«if'IC propertiD 
and relations of the object of investigatwn. The model can RPfOo 
sent the oriJinal, because the investigation of it can bring new 
knowledge to light about the oriainal. . 

An adeqwlte refl«tion means the agreement of essential proper
ties and connections of the image with the object being imaged. By 
reproduction by analogy. we understand the agreement between 
original and model in certain relations. This can be a structural or 
functional agreement of various degrees. 

This definition makes clear why the concept of model has found 
a firm place both in the process of copition as well as in the direct 
and practical control of technical systems. If ol}e is able, to cont~ol 
the model of a major technological complex one can then orpru.ze 
the most efficient operation and servicing without endangering the 
personnel or the plant. Whatever is to happen in the plant can be 
simulated beforehand with the model. 

Models play a dynamic role in the process of copition. Models 
have proved imponant for the formulation of theories and have 
often provided the means for understanding complicated processes. 
The Rutherford model of the atom is a very good example of this. 
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In the process of copition, the activity of the subject of cogni
tion also includes the utilization of known law-governed" connec

.tions to create artificial objects. Material models serve as exper
imental models to replace objects which are not accessible to exper
imental research or accessible only with great difficulty. It is possi
ble that cenain experiments cannot be carried out with the original 
objects for humane, economic, or other practical reasons (for 
example, celestial or cosmic objects). In such cases, artifiCial ob
jects can be made for model experiments, or naturally occurring 
objects can be used as models that serve as an analogy for the ob
ject· under investiption. 

Ideal models are often used (e.g., mass points) to acquire new 
knowledge because they are a form of reflection of objective reality 
in human cognition. Hence, ideal models are the product of active, 
creative reflection of objective reality by human beings and thus al
ways carry the unmistakable traces of their activity if they also have 
propenies which are not directly discernible in objective reality. 
However, these propenies cannot be designed at will, u the con
ventionalists claim, but are always chosen in such a way that mod
els with such properties are able to represent the original under cer
tain circumstances. An ideal crystal-lattice structure does not exist, 
as is implied by the very concept "ideal." Yet many propenies of 
real solid bodies can be explained with the help of a model of ideal 
structures. And if the model fails, one can approximate it to reality 
by takin8 into account certain "errors" in the lattice structure. In 
the process of copition the model always stands for the original 
8Dd can replace it only under fixed circumstances. However. there 
is no basis for identifying the model with the original. 

Many scientists have seen, and made use of, the opponunity of 
gaining new knowledge through the modeling of objects. Caution 
here has to be exercised apinst overdoing this, as in the case of 
those nineteenth-century physicists who worshipped the ideal of a 
mecha:nical explanation of nature based on mechanical material
ism. William Thomson (Lord Kelvin) was one of those who 
claimed that if one could not make a mechanical model of some
thing it could not be understood. It was essentially this attitude 
that led Faraday to introduce lines of force as an aid in representing 
electric fields and magnetic faelds. Even Maxwell started out with a 
mechanical model when he began the work that led to his electro
magnetic field equations. AF. helpful as the ideal of a mechanical 
explanation of nature might have been, we know today how one
sided it was to attempt to reduce physics to mechanics. With this 
belief in the superiority of a mechanical explanation of the physical 
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world, some physicists at the turn of the century (for example, 
Poincar~) adopted the epistemological position that science works 
only with contentless and arbitrarily replaceable pictures. This was 
the epistemological basis for one particular.school in physics which 
Lenin thoroughly criticized as an abandonment of materialism in 
his Materialism and Empirio-criticism. 

Models are no "free creations of the human spirit" as rational
ism claims, but they are unthinkable without creative imagination. 
The method of models presupposes, on the one hand, a "large 
store of detailed facts and previously used combinations of them, 
and, on the other, a latitude for reasoni.Qg not too closely nar
rowed by well-known habitual methods ... 24- Often a large number 
of starting or working models are possible and these become nar
rowed down in the course of the research. In the history of physics 
it is observed that in prac:tice many physicists make in early decision 
in favor of a model which later bas to be greatly modified or aban
doned altogether. The history of physics continually provides ex
amples where it bad been believed that an adequate model could be 
selected with full confidence on the basis of experimental fmdings, 
and then it was discovered later, on the basis of new observations 
and experiments, that it was necessary to return to previously aban
doned models, or to search for a combination of several models, as 
was the case, for eDDlple, with the corpuscular and wave theories 
of light. 

Models always reflect only certain aspects of an object of investi
ption, which, under certain conditions, represent the essence of the 
pbenomenon, but which, under other conditions, do not or no longer 
describe this essence. As with all other products of cognition, the in
exhaustibility of objective reality must at least potentially be taken 
into account. 

As conclusions based on analogy are always made when con
structing a modd, the conditions under which such conclusions are 
possible must be investigated. An analogy is a scientifically justi
fied reduction, but it also conceals the danger of reductionism. This 
is why it is particularly imponant to analyze carefully the condi
tions under which the given analogy is justified. 

In setting up models or working with them, the following four 
phases can be distinguished: 

1. The construction or formation of a model. Other models can 
act as forerunners . This phase is closely l.inked with the formula
tion of a theory. 

2. Testing of cenain consequences of'the model in thought ex-
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periments.and laboratory experiments for the improvement of the 
model and the funher development of the theory. In this. phase it 
may prove necessary to replace the original model with a better one 
or to modify it. 

3. Utilization of the model to arrive at conclusions about the be-
havior of the modeled object. 

0 

4. Integration of the model into a comprehensive scientific pro
gram of research and comprehensive theoretical analysis within the 
framework of current scientific views. 

The extensive use of models in many scientific fidds has led to 
the rapid development, over the last ten to fifteen years, of mathe
matical theories of models. The results of these theories are being 
used in the far-reaching epistemological and methodological dis
cussions of problems connected with the model method. 

b. Hypot/laa 

Hypotheses are scientifically grounded conjectures about a hitherto 
unknown circumstance. Linked to, but going beyond, confirmed 
theories and experimental data, they are formulated on a scientif
ically sound basis and at the same time are a more or less bold 
thrust into new scientific terrain. 

By the beginning of the twentieth century the belief of mechan
ical materialism that it bad found lin unshakable theory in classical 
mechanics was thorouahly shattered. Many philosophers of 
science and natural scientists, lacking knowledge of the dialectics of 
the cognitive process, concluded that human beings were unable to 
acquire reliable knowledge. These theorists fell into epistemolog
ical relativism; they_ said that all knowledge is only hypothetical, 
that the results of SCience are hypotheses at best. Even today, such 
statements can be found in neopositivist philosophy of science, in 
which it is no longer possible to differentiate between hypothesis 
and law. 0 

At a time when the physicists still thought mechanical 
materialism to be a suitable philosophical foundation for physics 
(insofar as they recognized the need for one at all), dialectical ma
terialism had for some time been paying attention to the examina- · 
tion ~~ the problem o~ h~theses ~ their role in the process of 
cogrution.25 In our d1SCUSS1on of philosophical generalization as a 
specific method of cognition, we already indicated the importance 
of hypotheses for the development of the natural sciences. 
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More than 100 years ago, Engels wrote: 

The form of development of natural science, in so far as it thinks, 
is the hypothesis. A new fact is observed which makes impossible 
the previous method of exptaprlJll the facts belonging to the ~e 
group. From this moment onwards new methods of explanauon 
are required - at first based on only a limited number of facts 
and observations. Further observational material weeds out these 
hypotheses, doing away with some and correcting others, until 
finally the law is established in a pure form. If one should wait 
until the material for a law was in a pure form, it would mean sus
pending the process of thought in investigation until then ~ if 
only for this reason, the law would never come into being. 

In this passqe, too, it is clear how important it is to differentiate 
between hypotheses, which lead to cosnition of laWs, and the re
sults of the process of cognition - the laws themselves. Engels em
phasizes the dialectics of the process of cosnition, in which cogni
tion takes place only through the interplay of the experimental an~ 
theoretical phases of research .. That is why be criticizes empiricism 
so sharply. 

Hypotheses differ from ideal models, which represent the ideal
ized objects of a theory. They are the preliminary or interpretative 
models of a theory. principally through their function in the 
process of cosnition. They can be preliminary stages fOr a model, 
but they can also be-formulated within the framework of an ideal 
model. Hence", models can be the phenomenal form taken by a 
physical hypothesis. If the hypothesis is confli'Dled, the mod~ is 
then no longer hypothetical, but remains as an idealized object of 
theory. 

The following stages of hypothesis formation can be distin-
guished: 

1. Viewing the results of observations and experiments. 
2. Setting up one or more hypotheses (working hypotheses) to 

explain the investigated circumstance. These must stand up to what 
has been considered to be reliably established, or they can stand in 
contradiction to such knowledge if, but only if, there is sufficiently 
strong evidence in their favor. 

3. Derivation of all consequences from the hypotheses and ver
ifiCation of these consequences through observation and exper
iment. Some working hypotheses may have to be given up while 
others are confirmed. It also happens that the consequences of cer
tain hypotheses cannot be immediately verified due to the current 

4. Dialectics of Process of Cognition 151 

level of experimental technique. This will then often stimulate the 
development of the appropriate experimental methods. , 

Hypotheses not only play a mediating role between experiment 
and theory, but they also belong, in pan, direc<tly to the methodo
logical arsenal of theory development. Since the path from meas
uring data in observation and experiment to theory and vice versa 
is becoming longer and more complicated in physics, the formation 
of mathematical structures as a form of hypotheses, followed by 
theoretical and experimental verification by traditional methods, is 
becoming increasingly important. Heisenberg once viewed the suc
cess of his matrix mechanics as a reason to assip mathematics a 
function in the process of cosnition in physics in a way that carried 
a danger of underestimating the importance of experiment and ob
servation. For example, discussing elementary particles, he com
mented that "the smallest units of matter are . •. forms, structures 
or - in the spirit of Plato - ideas about which one can speak un
equivocally only in the. language of mathematics. "27 If one were 
to take seriously his reference to Plato, then cosnition would be 
possible only through contemplation. Experimental data, obtained 
with great effort at the increasingly powerful accelerators, or the 
data about the microworld obtained from cosmic rays with increas
ingly coinpHcated methods, would be almost worthless. Neverthe
less, to the very· end of his Ufe, Heisenberg remained a physicist 
who never forgot that physical theories must prove themselves 
through observation and, above all, experiment. Therefore, we 
should take his remark u a way of emphasizing the relative auton
omy of theoretical research in physics. 

6. Mathmulltclll-Tlt«HYttctU Methods 

In the following, we will try to further substantiate the view ex
pressed in our arguments against empiricism that the road from ex
perimental results to theory is neither straight nor automatic. As 
we have already indicated, we must avoid the metaphysical alterna
tive to empiricism, which transforms the relative autonomy of 
theory into absolute independence and looks upon observation and 
experiment simply as a decorative element of physical research. 

A most sisnificarit contribution of Galileo to research in natural 
science was his realization of the need for experiment and the use of 
the mathematical method in the process of cosnition. Experiment 
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alone can provide very little knowledge if one does not fit it into the 
framework of mathematized physical theories. 

In chapter 3, examples were giv.en of cases in which the demand 
for consistency of verif'Jable statements makes it necessary to con
duct a decisive experiment to learn which oftwo .different physical 
theories is valid if contradictions occur between statements in the 
two theories. One treats the partly contradictory physical theories 
like formal theories which cannot both be true, and then seeks to 
.decide from the experiment which of the two is false. This is a way 
of showing the connection between a mathematical formalism and 
an experiment in physics. The violation of the principles of formal 
logic (in this case, noncontradiction) leads to the nCQCSSity of new 
experimental activity. This method is important especially for the 
systematic exposition of our knowledse in physics. For example, 
the Michelson-Morley experiment is described in almost all text
book discussions of the theory of relativity as a decisive experiment 
which forced Einstein to re-examine mechanics. It is doubtlessly 
correct to state that if Einstein had known the results of that exper
iment. it would have been an indication to him that mechanics had 
to be chanaed. There are, ·however, well-founded reasons for be
lieving that Einstein did not know the Michelson-Morley exper
iment when he arrived at the special theory of relativity. As was the 
c:ase with other physicists before him, he felt that the fact that Max
well's electrodynamics and classical mechanics were subject to dif
ferent transformation laws was a serious theoretical problem, and 
he sought a formulation of electrodynamics and mechanics to 
which the same transformation sroup would apply.28 

For our discussion here, it is not important to know which road 
Einstein actually took. Both are possible. Historically, the second 
is more likely than the first. In that case, inner-theoretical consid
erations would have led to the development of the theory and this, 
of course, was also connected with experiment and observation. 
Theoretical research can stimulate the use of mathematical meth
ods for experimental research, but this does not chanae the fact 
that experiment and observation are the criteria for the truth of 
physical knowledge. 

It must be stressed here that physical reality is not formed by 
mathematics. There are various ways of representins physical 
facts. The validity of each mathematical representation must be es
tablished by confirmins through experiment that the theories ade
quately reflect the physical facts. Differing mathematical formula
tions cannot be excluded. Mathematics is important because, 
through the construction of systems of ideal objects, whose rela-
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tions are consistently formulated, we acquire suitable systems of 
concepts for the representation of real relations. Thus, mathe
matics expresses the possible relations between ideal , objects and 
can be used to represent real relations. A complicated dialectical 
process leads from the measured data to the mathematical struc
tures and from the mathematical structures of the theory to exper
imental confmnation. 

In this way various mathematical structures are used to develop 
physical knowledge, for example, the transition from Newton's 
equations of motion to relativistic mechanics, and fmally, to the 
equations of motion of quantum mechanics. These structures are 
subject to the correspondence principle, which states that under 
well-defined conditions the given structures ao over into one an
other. These conditions characterize the ranse of validity of the 
given theory. 

If we see only the chanse in the physical theory and its mathe
matical structure, we quickly reach the epistemologically decisive 
question: Is there really prosress in our objective knowledae? Can 
the development of physics contribute to better recognition of real
ity? Do we pin insights into our physical knowledge which reflect 
objective reality with arowins adequacy and take us closer to objec
tive truth, or is the history of physics merely a continual change in 
theories, and is there no way to determine where they are tak.ina us? 

The traditional. positivist way of avoidins questions of world 
view led Thomas S. Kuhn. despite some insiahts into the dialectics 
of the proceSs of cognition, to the view that the physical process of 
cognition is "a process of evolution/rom primitive beainninas- a 
process whose successive stages are characterized by an increasinJ}y 
detailed and refmed understanding of nature. But nothina that has 
been said or will be said makes it a process of evolution toward any
thing."29 We will end our epistemoloaical considerations by 
cxaminins in which sense the physical process of cognition is also a 
process of development ''toward anything,'' namely, a process of 
approaching objective truth. 

7. Progras of Knowl«Jge In Physics 

The continual discovery of hitherto unknown objects and relations 
during our deeper penetration into the structure of matter apin 
and again leads to chanses in the concepts of physics or in some of 
its fields and to chanses in existing theories (restriction or extension 
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of their validity or modification of their fundamental relations) and 
to new theories. In this connection, the discussion around truth is 
of fundamental importance. A lack of knowledge about the dia
lectics of the proc:ess of cognition can le&4 to resianation and de
spair amona particularly committed physicists when previously ac
cePted physical ideas break down. For example, Bohr's quantum 
conditions for the Rutherford model of the atom contradicted 
classical electrodynamics. Lorentz reacted by asldna: "Where is 
truth if we can make statements about it that exclude each other? 
Are we at all capable of recognizing the truth, and is there any sense 
in occupying oneself with scienc:e at all? I have lost the conviction 
that my work has led to any objective truth and I don't know what 
I lived for; I only regret that I did not die five years aao when every
thina still seemed clear to me. "30 

This attitude may seem exauerated to us, but it was shared by 
many physicists whose mechanistic world view, painstakingly built 
up durina the course of two centuries and proved successful for 
such a Ions time, collapted at the bqinnina of the twentieth cen
tury. Even a physicist like PlaDck, whose quantum hypothesis was 
to become one of the pillan of physics in the twentieth century, was 
deeply concerned about the revolutionary chanaes in physics. 

At a time wben the contoun of the new physical theories were 
not clear to most physidsts (special relativity theory) or were not 
yet known (quantum mechanics), Lenin,ln his MQt~rkllism glfd Em
pirio-critidsm, made a profound analysis of epistemolosical prob
lems in that phase of the revolutionary chanaa in physics. There 
be elaborated the dialectical-materialist theory of truth and showed 
iu sipific:ance for reteareh in the physical sciences. 

The dialec:tical-materialist theory of truth draws its conclusions 
from the materialist answer to the basic question of pbiloeopby for 
the process of coanition, and it explains dialectically the relation
ship between the objectivity and relativity of cognition. The accep
tance of an objective truth, i.e. , the content of human ideas which 
do "not depend on a subject ... on a human beina or on human
ity, u31 does nothina more than express a fundamentally materialist 
attitude, according to which-our physical theories, hypotheses, and 
statements are reflections of objective reality. Here, the source of 
our knowledge is seen as being outside and independent of our con
sciousness; in agreement with the development of science, the 
knowabiUty of objective reality is asserted. 

For Lenin, accepting objective truth also meant accepting abso
lute truth. "If we want to advance materialism ... we must learn 
to put, and answer, the question of the relation between absolute 
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and relative truth dialectically . .. 32 Absolute truth is id~nticQ/ to 
the extlet ref/«tion of objtctiw reg/iJy. This can be achieved only 
throuah the potentially infmite chain of relative truths ~ of our 
knowledge in the individual branches of science, which 'are not only 
relative, but have both a relative and an absolute truth content. 
" Human thought then . . . is capable of aivina. and does give, ab
solute truth, which is compounded of a sum-total of relative truths. 
Each step in the development of science adds oew arains to the sum 
of absolute truth, but the limitS of the truth of each scientific propo
sition are rdative.t now expanding, now shrinking with the growth 
of knowlecfae. "3.1 That was Lenin's philosophicalaeneralization of 
the process of cognition in physical science. 

An essential feature of scientific progress is to determine exactly 
the range of validity of existing knowledge and. to formulate new 
knowledge outside the limited field of validity. For example, Ein
stein's aiticism of the concept of simultaneity made it clear that this 
property of physical occurrences depends on the given frame of re
ference, whereas previously one.had thought them to be independ
ent of it. Heisenbera's matrix mechanics and SchrOdinger's wave 
mechanics make it impossible to apply the concept of trajectory to 
microobjects. In Feynmann's formalism of quantum mechanics, it 
becomes clear why it is pointless to speak of quantum-mechanical 
"paths" in analogy to classical mechanics. The behavior of a 
microobject must be described by the totality of-all .geometrically 
possible noodifferentiable curves joining two points of observation. 
· The physical process of cognition brinp us closer to objective 

truth and ultimately converges to absolute truth. The objection of 
Kuhn and others to this view of truth is, in the final analysis, that 
we cannot assess the state of our knowledge with respect to abso
lute truth, because the latter is not at our disposal. There is no 
doubt that this is correct. No one, neither the philosopher nor the 
physicist, bas access to the absolute truth, and therefore it cannot 
be used as a yardstick to determine how near physical knowledge 
bas come to absolute truth. However, by means of the criterion of 
practice - and for physics this includes experiment and observa
tion - we can judge the progress made and thus how much cla,ser 
we have come to the absolute truth. · 

The conception that a mathematically formulated unified theory 
for physics is to be identified with absolute truth leads to an episte
.mological short circuit. Every such conception (see chapter 2) for-· 
mutated thus far in the history of physics has been replaced by a 
more general conception. There is no doubt that these conceptions 
have bad great heuristic significance for the development of physics 
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and will continue so in the future. However, the dialectics of the 
process of cognition leads one to expect that for every proposal to 
unify all existing physical theories there exists a still more general 
one. This prevents the identification of one given mathematical 
formalism with the absolute truth and avoids tbe danger of being 
oblivious to the dialectics of further progress in cognition. 

We must continually keep in mind the fact that: From the 
standpoint of modern materialism, i.e., Marxism, the limits of 
approximation of our knowledge to objective, absolute truth are 
historically conditional, but the existence of such truth is uncon
ditional, and the fact that we are approicltina nearer to it is also 
unconditional. The contours of the picture are historically condi
tional, but the fact that this picture depicts an objectively existing 
model is unconditional. When and under what circumstances we 
reached, in our knowledge of the essential nature of thinp, ·the 
discovery of alizarin in coal tar or the discovery of electrons in 
the atom is historically conditional; but that every such discovery 
is an advance of "absolutely objective knowledge" is uncondi-
tional.34 . 
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Clulptn Five 
DIALECTICAL MATERIAUSM AND 

BOURGEOIS NATURAL PHILOSOPHY 

The critique of bourgeois philosophy is an integral part of Marxist
Leninist philosophy. However, this does not mean brus)ting it 
aside and ianoring its existence. On the contrary, a deeper under
standing of the essence of bourgeois natural philosophy puts one 
into a better position to deal critically with the idealist oriains of 
contemporary regressive views. Bourgeois natural philosophy is es
sentially a set of systems of idealist statements about the phil
osophical problems of the natural sciences. Its principal features 
can be examined by considering its main currents, past and present. 
This can be done if we first note the following points. 

The changes in the productive forces naturally affect bourgeois 
natural philosophy as they do bourgeois ideology as a whole. The 
needs arising fro~ the development of the productive forces find 
their reflection in bourgeois ideology. AJ,nong the essential factors 
affecting the development of bourgeois philosophy of scien~ are 
the increasingly interdisciplinary character of research in the nat
ural sciences and the demands of the scientific and technological 
revolution. The growing influence of Marxist-Leninist philosophy 
in the capitalist world has had its consequences. The technological 
revolution, in particular, is giving rise to a range of complex prob
lems such as those connected with the environment. Discussion 
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of such problems often entails a combination of viewpoints. Com
ments by_ futuroloaists reflect various ideahst standpoints, and 
very often the authors themselves do not see that their views are 
part of long-known and well-defined currents of bourgeois philos
ophy. In the capitalist countries the intentions of natural scientists 
can also turn into their opposite. Culturally pessimistic statements 
about the future of science and society can sometimes be inter
preted as a neption of an oriainally intended humanistic aim. Such 
is the case where a bouraeois theorist, worried about the misuse of 
the developina forces of prodUdion, l'e8Cbes the CODclusion that the 
development of science itself is the evil,· and then demands the cur
tailment of the application of scientific knowledae to production, 
so u to slow down the destrUction of society. In such approaches 
society u a whole is implicitly identified with bouraeois society. 

In bouraeois futurolOI)', moreover, there is a tendency to int~ 
arate science in a way that obliterates the distinction between the 
natural and social sciences u two fundamentally distinct scientific 
systems, and consequently in the discussions they are implicitly 
treated u one. For example, the relations between humans and na
ture are often themJelves the subject of discussion, and not just the 
philosophical problems of an individual fteld of science. This 
means that a critique of bouraeois philosophy of natural science, 
even wi~ a ~c field, must always ~e into accoun~ the unity 
of bouraeoas philosophy of natural science and bourgeois ideoloaY. 
~such a .cri~que bouraeois natural philosophy is not beiq crit
icized·for 1ts own sake, but u part of the confrontation with bour
aeois ideoloaY u a whole. This presupposes a certain understand
ina of the main currents of bouraeois philosophy of natural science 
in order to be able to see the buic idealism throuah the veiled-over 
application of these ideas. If the critique of bouraeois ideolOI)', 
and hence of the idealist natural philosophy, is to be well grounded, 
a number of areas have to be considered. 

1. TM nuzterialist view of history is the d«lsive basic position, 
i.e., the Marxist-Leninist assessment of the character of our epoch 
must be the starting point for an analysis of ideological changes in 
the capitalist world. 

2. TM balance of power in the world is changing In favor 9f so
cialism. The socialist community of states, and the Soviet Union in 
particular, are increasinaiy putting their stamp on proaress in the 
world. 

3. /m~rilllism, in its policies, is forced to take into account the 
policies of socialism. It searches for new strate,ies and is trying to 
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pursue a policy which will mitipte its own contradictions and 
searches for ideologies that will successfully veil over its imp,erialist 
essence and make it appear more attractive. This makes the ide
ological strulale sharper and more complicated. 

4. Bourgeois ideology, since the beginning of the general crisis of 
copitalism, is a me~~ns of maintaining a historlallly obsolescent so
cial formation. The form of the ideology c:banaes with the de
mands of the time and a qualitative chanae in the intensity of the 
effects can be noted within individual areas. These chanaes must 
be recopizcd and analyzed if an assessment of the ideology and its 
effects is to be pven in a specifiC social area. 

1. 1'M NtJtrmll Pllllo10phy of Polldvllm ll1ld N.opolltlvllm 

Bouraeoi.s philosophers usually illustrate the influence of positiv
ism and MOIJO.fltivism ·on the modern natural sciences with the help 
of two eumples. Oae is Mach's influence on Einstein in his work 
on the theory of relativity and the other is the importance of nco
positivism for the pbil010phical interpretation of quantum theory. 
The Copenhqen school. too, bad a politivist orientation for a lona 
time. Many natural aclentiats understood by·po~itiviJm only the u.
ceptance of positive k.nowledae u the buis for the formulation of 
theories, the anphuis on ICDie impressions u the startina point for 
the acquisition of knowledae. They did not see the idetiist conse
quenc:ea of positivist views. 

Comte -introduced the expression positivism to describe a phil
osophical direction in his " Discourse on the Spirit of Positivism" 
.(1844). ..In one word, " wrote Coulte, .. the fundamentat revolu
tion characterizina the manhood of our spirit is largely to set every
where in place of the unattainable determination of the actual 
causes, simple research for laws, i.e., the constant relations existing 
among the observed phenomena.••l 

This was directed apinst metaphysics, understood u the search 
for ultimate causes for the ultimate source of the world and, there
fore, apinst spec:ulative natural philosophy. It was also directed 
apinst the philosophical analysis of scientific knowledae aimed at 
answerina fundamental questions of world view. The former is 
usually welcomed by natural scientists. The latter is not usually seen 
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in all its consequences, but becomes clear if one remembers the de
mand by positivism that one should cease looking for causes at all. 

Comte demanded that the word "cause" disappear from phil
osophical terminology, because it is "irrati9nal" and "sophist." It 
is true that one cannot investigate original causes. What is accessi
ble to scientific study is only the laws that are currently operative. 
This goes far beyond emphasis on the senses for gaining knowl
edge. There is no doubt that the senses are the source of our 

. knowledge in all processes of cognition. We build our concepts on 
them. It is with their help that we check the correctness of our the
oretical conclusions. If, however, we ·eliminate the word cause, 
i.e., if we deny the possibility of fmding causes, then the laws we 
study only deal with our senses and their connections, and are no 
longer the reflection of objective relations. The connection be
tween relations which exist among observed phenomena and those 
~t exist objectively, whether or not they are observed, is negated. 
The question to be answered is: Do the relations, such as those be
tween various elementary objects, exist objectively or not? 

This is one of the most important epistemological questions that 
comes up repeatedly when new discoveries are made in the natural 
sciences. The point here is that the cause of our perceptions is ob
jective reality, which exists outside and independently of our con
sciousness. It is objective reality which makes sensation and per
ception possible through its action on our senses and conveys to us 
information about the external world. We are thus back to the old 
epistemological question: Can we acquire knowledge about 
objective reality through reflection of sensations? Positivists treat 
this problem as a meaningless question which goes beyond what we 
can know. They support this position by asserting the impossibility 
of fmding causes of things. If we cannot ever fmd the original 
causes of m~terial processes, then it is pointless to search for the 
original cause of our perception. Hence, questions about objective 
reality, about matter as the totality of objectively real things, phe
nomena, connections, etc., which can be reflected by our con
sciousness, become meaningless questions. 

It is not the emplulsis on perception as the source of our knowl
edge that is idealist, but the positivist denial of the cause of our 
perceptions, that is, objective reality. The difficulty in ~futing the 
positivist views is that the main problem is not always put forth 
clearly. This is an important problem in the work of the physicist. 
For example, the discovery of a connection between wave and 
corpuscular properties in elementary objects raised epistemological 
problems which are directly connected to those brought up by pos-
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itivism. Heisenberg noted " that one would get into hopeless diffi
culties if one tried to describe what happens between two ,.eonsec
utive observations. " 2 In the probability statements of quantum 
mechanics the precise course of a physical process is not described. 
Only the result of it is predicted, and only as a probability. That is 
why Heisenberg is correct when he says that one cannot unequivo
cally reconstruct the course of a process out of the statistical laws. 
In neopositivism, however, this is linked with the general statement 
that only statements about what has been observed are permissible. 
However, this limits the signitlcance of theories which predict ex
perimental data yet to be found. Here we see the effects of the re
strictions positivists place on questions to be answered by science. 
Positivism conceals the weaknesses of physical theories by not per
mitting questions about the causes of specific phenomena. In the 
case of philosophy, positivism excludes all questions about 
objective reality, and in the individual sciences, questions about 
what exists between the various observations, or the nature of the 
concrete objective laws applicable to the objects under investiga
tion. 

The purpose of science is not to study the behavior of one partic
ular object. For example, the point is not to explain why a certain 
~um atom decays at a particular time, but to investigate the 
decay laws more deeply and to develop a theory of elementary par
ticles. That is why the laws of elementary particle behavior are be
ina studied today; that is why the hypotheses about existing funda
mental particles are beiDa tested; and that is why the relation between 
structure and elementariness is under scrutiny. The results of ele
mentary particle physics do not replace the basic statements of 
quantum theory, but allow them to be better understood. It is inter
esting to note that Heisenberg dealt critically with positivism at a 
time when he was trying to find a unified theory of elementary par
ticles. 

The main theses of the positivist views are: 
I. The source of all human knowledge is that which is positively 

given. This includes the observable, the experimental results, the 
instrument readout, and,· ~ the end, the concrete sensuous percep
tion which tells us something about a process in objective reality. 
Anything which goes completely outside of perception cannot be 
the subject matter of our knowledge. 

2. Both the world around us and the human subject are a unity of 
complexes of sensations of sense elements~ There are no basic dif
ferences between subject and object, physical and mental, matter 
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and consciousness. Her:e, the unity of the world is souaht idealistic
ally in the ideal - the primacy of matter is rejected. 

3. Qw.stion.s about what lies behind the ~n.ses are meaningless 
questions. Positivism tries to stand above matuialism and ideal
ism. but by denying materialism it becomes co.mpktely idealjst. 

The essence of the positivist view is subjective idetUism, because 
it denies the existence of objective reality, or more precisely, it 
views this existence as unprovable and declares the subjectively 
conditioned perceptiona to be the source of our knowledae. This 
subjective idealiun does not, however, characterize the approach of 
natural scientists to their work. Many of them accept only the em
phasis on that which is positively pven and thus oppo~e pointless 
speculation. This also explains the conatant vacillation of some 
natural scientists between idealist and materialist formulationa of 
their views about science. On the one hand, alona with the positive 
attitude that they think they obtain from positivism. they also ac
cept idealist conceptual formulationa. On the other hand, they ob
ject to beina called subjective idealists, which is undentandable be
cause they are basically spontaneous materialists. 

Neopo.sitivism deals primarily with lopcal investiptiona. Stress 
is pW:ed on the meanina.of certain ·questions. Mach, too, wrote 
about this: .. The question wbicll is often asked, whether the world 
is real or whether we merely dream it, is devoid of all scientific 
meaning. Even the wildest dream is as much a fact as any other."3 
Mach ot>viously mixes two problems. A dream-fantasy is, of 
coune, a fact in the senae that it exists. But when we ask about re
ality, the important thiDa is not whether it exists, but how it exists. 
The how is answered in the most aeneral sense when one anawers 
the basic pbllosophical question about the relation of thin kina and 
being. Acc:eptina matter as primary means accepti.na the existence 
of reality, i.e., that something exists outside and independently of 
our consciousness and is reflected by it. . Dreams, too, provide 
images of objective reality, but in a distorted form. The existence 
of dreams does not make the question about the existence of objec
tive reality pointless. After all, we can test against reality the cor
rectness or incorrectness of the imaaes in our dreams. 

Neopositivism (logical positivism) ~ts philosophy the task of 
clarifying the meaning of statements. The starting point of logical 
positivism was the Vienna Circle around Schlick, who held Mach's 
chair in Vienna after 1922. Together with Reichenbach (the Berlin 
Circle), Carnap founded the journal Erkenntnis (1930). The ideas 
of the Vienna Circle were carried far into the ranks of natural scien
tists through personal discussions, international CODifesses, and 

5. Critiques of Bourg«Jis Natural Philosophy 163 

publications. Schlick's death and the flight o f many scholars from 
fascism led to the dissolution of the Vienna Circle. Ne)V centers 
arose in the United States (Reichenbach, Camap, Feial) and 
England (Waisman, Ayer). Camap formulated the tasks of the 
Vienna Circle in the followina way: " The work of the Vienna Cir
cle •. . is aimed at science which is investigated either as a whole or 
in its individual branches; the conceptS, statements, proofs, and 
theories appeari.na in the various fields of science are analyzed, 
and, what is more . . . from the logical viewpoint • . • . By science 
we UDderstand the totality of the accepted statements. •• 4 

The main goal is thus the logical investiption of statements in 
the individual branches of science, i.e. , of their extensional rela
tions. It was precisely the aoal of the Vienna Circle that struck a re
sponsive chord among the physicists. The experiences connected 
with the discovery of the theory of relativity showed that at certain 
stages of scientific development, fundamental concepts change 
their content. They must be critically examined and refmed. Ein
stein did this, principally, with the concepts of space and time. In 
doina so he based himself Iaraely on Mach's critique of the claukal 
space-time concept. He had already pointed out that the world of 
space-time can exiat only in coanection with masses and enersies. 
lnfeld, too, emphasized Mach's sianificance: "Althouah Mach is 
today quite rightly condemned as an idealist philosopher, there is 
no doubt that his special physiall analysia of mechanics played a 
role in the devdopment that led to the theory of relativity."5 

Mach and neopoaitivism linked the essential subjective-idealist 
conception of positivism with the criticism of cenain concepts, a 
criticism accepted by the natural scientilts. Because they acc:epted 
the need for criticism, many scientists, inc:luding Einltein, also ac
cepted some of the positivist ideas. However, the scientists should 
not be faulted unduly, as has ofte.n been the cue with Einstein, 
since they are not primarily pbilolopbers. It was said that Einstein's 
pbllosophy was .. inspired by idealism." It is obvious that Mach's 
criticism of the classical view of space and time and his emphasis on 
the relativity of space and time influenced Einstein in his develop
ment of the theory of relativity. However, physical analysis must 
not be confused with the positivist-idealist position, which Lenin 
called a betrayal of science.6 

A similar situation arose with development of quantum theory. 
Fundamental concepts such as motion and determinism had to be 
revised. A thorough analysis was needed before they could be ap
plied to modem physics. This increased the physicists' interest in 
epistemological problems which arose durina such analyses, and 
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also in the logical foundations of the analysis of such concepts. 
Representatives of positivist philosophy contributed toward clar
ifying such logical foundations (Carnap), but there were many epis
temological problems that they could not solve. 

Many natural scientists recognized the iinportance of Mach's 
physical analysis of concepts of space and time, although they 
warned against Mach's idealist conclusions. The well-known phys
icist Sommerfeld wrote: "Mach's teaching removes all metaphys
_ical prejudices, all traditional dogmatic obsiacles which hinder free 
research. But does it not go too far, does it not undermine that 
foundation indispensable for a natural scientist, the conviction of 
the objectivity and unchangeability of the laws of nature?"7 

In regard to the objectivity of the laws of nature, Sommerfeld, 
like Einstein and other physicists, t~, raised a crucial point in his 
criticism of Mach's philosophy, although the comments about un
changeability could have been more closely examined, because the 
laws of nature, too, have a historical character. Einstein's later 
philosophical position in the discussion around the interpretation 
of the quantum theory reflected his rejection of idealism: "I still 
believe in the possibility of a model of reality - that is to say, of a 
theory which represents th.inp themselves and not merely the prob
ability of their occurrence.••8 

For Einstein, von Laue, and others, the question was one of ta.k-
. ing a fundamentally materialist position, but, as Heisenberg 
stressed, tbe focus was on the question of whether the Copenhagen 
interpretation did not make possible an unambiguous and objective 
description of physical facts without bringing in probability 
theory.9 • 

Heisenberg's answer to this question revealed the real difficulty 
in the interpretation of the quantum theory. He wrote: "The de
mand to 'describe what happens' in the quantum-theoretical proc
ess between two successive observations is a contradiction in ad
jecto, since the word 'describe' refers to the use of classical con
cepts, while these concepts cannot be applied in the space between 
the observations; they can only be applied at the points of obser
vation."' 10 · 

Later, Heisenberg dissociated himself from positivism, which 
shows that he was not interested primarily in confronting the basic 
question of philosophy, but that he was concerned with special 
epistemological problems linked to it. Heisenberg claimed that one 
could not describe what happens between the observations. Taken 
by itself, this thesis corresponds to the positivism of Comte and 
Mach, and also to neopositivism, insofar as it was represented by 
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the Vienna Circle. Heisenberg elaborated his view by saying that 
only classical concepts can be used for the description of tbings, but 
that classical concepts were not applicable to an unobserVed quan
tum-theoretical process. 

This argument contains a serious error. It implies that we can 
grasp reality only in terms of classical conceJ)ts. But this is not the 
case. Philosophical arguments against this view were already made 
in the classics of Marxism-Leninism in connection with the 
criticism of mechanical materialism. These arguments have since 
been confirmed by quantum mechanics, a field which had not yet 
been investigated. But the problems raised remain under discus
sion: Can one deal with the path of an individual particle only 
statistically, or are there some "hidden parameters" yet to be 
found? From the viewpoint of philosophy an answer can, in prin
ciple, be supplied by dialectical determinism (chapters 3 and 4). A 
return to mechanistic conceptions seems very unlikely today. The 
philosophical answer to the physical problem that needs further in
vestigation leaves many possibilities open. What is definitely ex
cluded, however, is a positivist interpretation of the results of mod
em physics. Positivism did not clarify anything; it simply confused 
the issues. The development of physics on the one hand and the 
discussions among the Marxists on the other has contributed to fur
ther clarity on the matter. 

2. TM NlltUral Philosophy of Neo-Thomlml tllld Crltkal RaU/sm 

In Europe, where Marxist-Leninist political parties are the leading 
political and ideological force in a number of countries and are a srowma 
influence in others, bourgeois ideology cannot deal with Marxist-Leninist 
philosophy as it often has tried to do - by ianorina it. ln those countries 
of Western Europe in which there exist leading bouraeois political panics 
with an explicit religiow orientation, such as the Christian Democratic 
Union in the Federal Republic of Germany, very active polemics and id~ 
logical struggles are waged against the influence of Marxist-Leninist phil
osophy. Because of the important position of scientific activity in these 
countries and the fact that such activity breeds a spontaneow materialism, 

. .considerable effort is made to ensure that this spontaneous materialism 
does not become transformed into dialectical materialism. It is therefore 
not surprising to fmd attempts to unite theological doctrines explicitly with 
a suitable philosophy of natural science. 

Toward the end of the last century there arose in Germany a philosoph
ical trend known as critical realism (in a certain sense related to, but not 
directly connected with, the trend in the United States bearing the same 
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name). While not the most fashionable current today among the profes
sional philosophers of science in the capitalist world, the influence of crit
ical realism is strong in the educational ~ystems responsible for the training 
of natural scientists, engineers, and technicians in a number of capitalist 
countries, especially in the Federal Republic of Germany. For this reason, 
the authors of the present book, in preparina the oriJinal edition for use in 
the education of teachers in the physical sciences in the German Demo
cratic Republic, considered the fusion of neo-Thomism and critical realism 
to be a subject requiring detailed analysis. 

- Although little attention is given to this particular form of philosophical 
realism in English-languaae literature, there has been a Jl'Owing tendency 
among scientists, in face of the declining influence of positivism, to iden
tify with some form of philosophical realism. No one particular school, 
however, can be singled out as dominant. In this situation, the discussion 
of neo-Thomism and critical realism which concludes the chapter can serve 
to focus attention on those aspects of philosophical reatiam that most 
clearly lead away from a scientific, materialist outlook. At the same time 
the reader should be aware that the term realism has been applied to a wide 
variety of approaches, some that ~very close to a consistent materialism, 
and others that are almost indisiinauishable from subjective idealism. 
For this reason some additional introductory comment about philosoph
ical realism could be useful to the reader unfamiliar with the subject. 

Unlike logical positivism, which was systematically developed by the 
group of philosophers around the Vienna Circle, realism has no one domi
nant form. In 1920, a Jl'OUP of philosophers in the United States attempt
ed an organized opposition tb positivism, and seven of them issued a mani
festo under the title, Esstlys in Critical Realism} I However, the Jl'OUp did 
not hold together in the manner of the Vienna Circle. New varieties of 
philosophical realism continued to appear. The decline of positivism stim
ulated further activity in this general direction. As examples of the various 
trends, one can cite representative realism, perspective realism, physical 
realism, structural realism, and transcendental realism. A list several times 
as long can readily be compiled. 

Realism arose in the medieval period as a scholastic philosophy, accord
ing to which universals exist outside and independent of human conscious
ness and prior to the existence of particular things. Realism was contrasted 
with nominalism, which gave priority not to the existence of universals, but 
to the existence of pu:ticular things. 

In its modern forms, the common element in realism, insofar as one can 
be stated, is the acceptance of an objectively existing -external world, but 
generally without any determination of the connections among all things 
whose existence is recognized. While philosophical materialism asserts the 
primacy of matter as the source of all existence, philosophical realism can 
allow for material and nonmaterial forms of being without the primacy of 
matter. Thus realism can form the basis of a religious world view or an in
trinsically atheistic one. But insofar as it does not recognize the primacy of 
matter, realism retains an essentially idealist content. 
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Some forms of realism can come close to dialectical materialism. For ex
ample, in A Realist Theory of Science, Roy Bhaskar stresses the- intercon
nectedness of things.12 His realism, which he calls transcendental realism, 
asserts the existence of things and m«ltanisms, both independent of our 
consciousness. He falls, however, to elaborate the concept of matter, or 
even of thing. Although he occasionally uses the term matter, Bhaskar 
avoids discussion of it as a fundamental category, and, as a result, his 
mechanisms are, in fact, deprived of an object. The failure to deal explic
itly with the category of matter inevitably leads him to project possible 
limits on scientific knowledge. For example, Bhaskar writes, "It seems to 
me there is no reason in principle why there should not be strata of ftelds 
(of perhaps radically different kinds), forever unknown to us. It should be 
noted that only the identification, not the existence, of fields depends upon 
the existence of material things in general.••13 Bhaskar's acceptance of 
nonmaterllll fields clearly leads to their ultimate unknowability and is an 
example of the idealist element of his realism. 

Realist philosophies of natural science often deny their idealist charac
ter. In fact, it is not uncommon in the United States for realist philoso
phies to see themselves as alternatives to idealism and positivism, whereby 
materialism is usually ignored. Thus Holden and RoHer write: 

Perhaps most people would defend the polition that the experiences which 
come throup their senses are directly oc:caaioned by and correspond exact
ly to an external world, a "real" world which exists reprdless of our inter
pretations. This view is called IYtl/lsm, and it is in opposition to two major 
phUosopbical systems (IU'IlOill a host of others): idelllism, which maintains 
that our ideas and impressions are the only realities, and that we use those 
to construct convenient concepts such as chain, meter sticks, and labora
tories; andpositiYism, which does not speak of such "realities" at all, ex
cludes spec:ulation upon ultimate causes or oriJins, and reprds DOthiDa as 
ascertainable or IMI"inaful beyond eeme data (for eumple, pointer read
inp) and concepts that are referable to sense data. 14 

Another way of disposing of materialism is to subsume it under another 
philosophical direction. Thus Feibelman writes: "There are three philos
ophies: idealism, realism, and nominalism; and it is nominalism that 
properly divides into two philosophies. These are: materialism and sub
jective idealism. Materialism . . . states that reality belongs to atoms in 
motion and the void. The mind and all mental things, are, according to 
materialism, epiphenomenal. ••IS Here we have a rather co~on example 

· of equating all materialism with mechanical materialism. We can point 
out, however, that, contrary to Feibelman, the dialectical-materialist 
concept of the mind as an activity of the thinking brain is quite another 
thing than the reduction of mental process to the physics and chemistry of 
the brain, or to the motion of atoms, and the consequent characterization 
of the mind as epiphenomenal. In a somewhat similar vein, we have the 
realist philosopher Hilary Putnam writing: 
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To prevent misunderstand.inp, let me say that by realism 1 do not mean 
materialism. . . . A consistent realist hu to be realistic not only about the 
existence of material objects in the customary tense, but aJ10 hu to be re
alistic: about the objec:tivity of mathematic:al necessity and matbematic:al 
posaibiUty (or equivalently about the existence of mathematlc:aJ objcc:ts and 
about entitles wbic:h are neither material objects !lOr mathematic:aJ objec:u 
-in partkular, f~elda and phyaic:al maanitudes.l6 · 

Putnam is incorrect when be implies that materialism denies the reality of 
fields, as we have already seen in the earlier chapters. In fact, dialectical 

. materialism views fields as a form of matter. The dialectical-materialist 
concept of physical properties, as objectively existina properties, bas also 
been disc:uued in the previous chapters. 

On occiuion one can find also instances in which dialectical materialists 
identify thenuelves as realiats on the arounds that the common element 
amona realists is their acc:eptance of an objectively exiltin& world, a 
concept which does not necessarily exclude the acceptance of the primacy 
of matter. The usefulness of such an identir!Cation can be questioned for 
the foUowina reasons. Historically, realism developed as a trend in idealist 
philosophy. In current pbi1oaopbical practice, realist philosophies are aen
eraUy characterized by their failure to atabli.ab, in a conaistently material
ist way, the connections among aU thinp, the exiatence of which is recog
nized by the individual realist ontolopes (matter, ideas, events, mecha
nisms, etc.). In fact, even some· forma ot positivism have been called real· 
ism. This question of terminoloaY was already raised in his time by Lenin. 
Referrina to the use of the term realiJm by one writer, Lenin noted that 
"the term realism is here employed as the antithesis of idealism. FollowinJ 
EnaeJs, I .use only the. term materialism in this sense, and consider it the 
sole correct ten;ninoloay, especially since the term 'realism' bas been be
draaled by the positivist and other muddlebeads who oscillate between 
materialism and idealism. " 17 

Finally, we note in connection with the diacuaaion that follows that the 
two leadin& post-World War II polemics apinst Marxist-Leninist philos
ophy have been written by the nco-Thomist Gustav Wetter and the realist 
Karl Popper.l8 

After the failings of the positivist interpretation of modem phys
ics became clear, many natural scientists turned away from its 
ideas. Idealist currents that criticized positivism gained influence 
among natural scientists. Critictll realism, a form of neo-Thomism 
is one of the principal currents of this type. • 

Neo-Thomism is based on the philosophy of Thomas Aquinas 
(1225?-1274), who maintained that pursuit of wisdom was impor
tant for revelation. He said that knowledge of the world follows 
from the effects of material things on our sense organs. Knowledge 
of nonmaterial things, however, is acquired with the help of anal
ogies. These analogies indicate a higher form of knowledge, name-
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ly, revelation. It provides knowledge of the existence of God. In 
the encyclical " Aeterni Patris" ( 1879) Pope Leo X Ill set the task of 
reviving this philosophy in order to use it as an ideological'weapon 
against non-Catholic philosophical currents, especially Marxist 
philosophy. 

Neo-Thomism assumes the validity of religious dogma and uses 
the natural sciences to substantiate it. The natural sciences, it 
says, do not prove the existence of God, but throuah analogies and 
gaps in knowledge indicat~ the necessity of faith and the existence 
of God. It is in this sense that Dolch commented: "One cannot 
keeP God secret, one can only disguise Him. • . . As lona as laws ot 
nature were seen as being strictly causal, there did not seem to be 
any room for God's influence in this world, but as one now believes 
that world events as a whole are acausal, as is known from atomic 
physics, there now appears room apin for God' s influence."l9 
Dolch also claims that "the iMer preoccupation of modern natural 
sciences is by no means a formal rebellion apinst the rule of God 
(or its proclamation by the Church)."20 Helm, however, warns 
aaainst a too-complete dependence on natural science as a theoloa
ical argument for the existence of God: "As arateful as we are 
that, accordina to the witness of a leadirig researcher ..• , the nat
ural sciences have reached a stqe in which Bavink could write the 
heading: ' Natural Science on the Road to Religion, • we have the 
feelina riaht from the beainnina that this apoloaetic inethod puts us 
into a state of complete dependence on the current level of the nat
ural sciences. . • . This dependence on the level of the natural 
sciences could become very danierous if the Wind changes and faith 
would once apin be foree<l to struuJe with the areatest of effon 
apinst the wind. "21 . 

That is why the neo-Thomists continually point to analoay as 
proof' for the existence of Ood. Hence, in seekina the unmoved 
mover they ataue for the necessity o.f a nonmaterial fmt cause and 
see Ood as the first necessity and hiaMst principle in the world. They 
implicitly conclude that the world is. necessarily incomplete and 
finite, and therefore it needs a foundation in a nonmaterial princi-' 
pte. Neo-Thomism finds· the epistemological foundation for the 
necessity of analoay in critical realism, which we shall discuss 

·shortly. 
The inclusion of the natural sciences in the substantiation of 

Thomist philosophy requires an idealist distortion of the objective 
total coMection. Possibility and reality, chance and necessity, 
causality and interaction are tom apart. According to this view, 
they are due to differing objects. The prime mover or frrst cause is 
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assumed as an analoay to the movement of one thiDa being caused 
by another. the cause of the one by the other. 

The essence of neo-Tbomism consists in an objective-idealist 
apologetic attitude to assumed dogmas w.hich culminate in the 
claim of the existence of God. 

In order to win naturallcientists over to nee> Thomism. and wage a 
battle apinst Marxist-Leninist philosophy. neo-Tbomism links up 
with critiCQ/ mzlism. According to the assumptions of Tbomist 

. philosophy. the existence of GOd iJ beyond discussion. In the neo
lbomi.st analysis. knowlqe of natural science is rooted in a non
material world. in a perfect. transcendental being. In order to win 
the natural scientist over to such ideas it is. however. necessary to 
present a philoaopbkal interpretation of the resulu of the natural 
sciences wbicll allows for the fundamental unknowability of certain 
areas of objective reality. These unsolvable probleins are to con
vince the natural scientist that they can be solved with the help of 
reliaion;i.e .• with Thomist pbiloeophy. This pbilospphy proclaims 
revelation to be an epistemological method. Revealed knowledge 
must be beli~ed. For the neo-Tbomists the epistemological task 
set by critical realism ia to kad the natural scientist from knowledge 
to faith. from scientific methods to revelation. 

Critical realism. however. is not necessarily linked to neo-Thom
iam. It also exiJts as an independent philosophical system. which 
was developed u a conscious opposition to positivism. It played a 
major role in helping many scientists to reject positivist positions. 
Critical realism developed into a school at the end of the last cen
tury. Among its founders are Fechner. Lotze. Wundt. and KUlpe. 
Further weD-known representatives of critical realism are Becher. 
Hartmann. Driesdl. Messer. Bavink. and Wenzl. althouah they 
differ areatly in their views on individual philosophical problems. 

These are not the only ones with a critical-realist approach. 
Among the neo-Tbomists. most natural philosophers call them
selves critical realisu. In both groups. the essential issue is to take 
the limits of coprltion of nature beyond those set by the positivists. 
and to ~oanize the necessity of observation when considering the 
essence of bejna. 

The starting points differ. The critical realists are not committed 
to accepting reliaion. let alone a particular religion. The critical re
alists among the neo-Tbomists. however. are bound by the postu
lates of their reliaion. Hence. their way of philosophizing differs. 
The critical realistS base themselves on the natural sciences. Objec
tively. they prepare the way for the theological interpretation of the 
natural sciences. even if this is not intentional. This group usually 
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claims to represent a new philosophy. differing both from 
positivism and speculative natural philosophy. The neo-Thpmists. 
however. use critical realism as an epistemological consolidation of 
their idealist-religious world view. The individual representatives 
of neo-Thomism. however. start out from different assumptions -
what they are is often determined by the natur&l science with which 
they are most familiar. The goals they wish to achieve are often 
difficult. and sometimes even imposs.ible. to recoanize. While 
some. because of their Catholic belief. search for a way to connect 
natural science with religion and are convinced they have found this 
in critical realism. others try at all costs to place the natural sciences 
at the service of the Church. Scientists such as van Steenbergen. de 
Vries. and Nink fall between both groups. and the Jesuit Biichel 
linked his neo-Tbomism and critical realism through them. 

One certainly cannot claim that only a few neo-Thomist natural 
philosophers support critical realism. The connection is general. 
Neo-Thomism must take into account social development and thus 
the development of the productive forces . The sreat importance of 
the natural sciences for scientific and technological progress. and 
hence for the development of the material basis of society. requires 
that the road to further progress must not be blocked. 'For the neo
lbomists it is necessary to produce effective interpretations which 
prevent modern natural science from refuting neo-Thomism. The 
development of science bas caused natural scientists to· tum away 
from positivism and neo-Kantianism. and bas led them back to 
spontaneous materialism. which they try to comprehend philosoph
ically. Critical reali.im ap~ promising u a philosophy which 
prevents natural scientists from completely accepting materialism. 
Therefore. critical realism· has been officially tecoanized as the 
philosophical conception of neo-Thomism. 

Pope Pius XII called for an alliance between the natural sciences 
and critical realism. although his concept of critical realism was 
broader than that of the critical-realist school: ''We would be more 
in favor of the natural sciences achieving a total view of the visible 
world in continual contact with a philosophy of critical realism as it 
could be found among the best representatives of perennial philos
ophy. which could in some way satisfy the search and burning de
sire for truth!• But Pius XII also issued the following admonition 
to the neo-Tbomisi critical realists and natural scientists in general: 
''May they advance science with all their power. but may they be
ware of going beyond the borders that we have reached. in order to 
defend the faith and the Catholic teaching! •22 

This admonition was taken seriously by neo-Thomists. such as 
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Wetter and Karisch, who have candidly tried to make natural sci
entists aware of the difference between materialism and critical re
alism and to interpret their spontaneously materialist attitude not 
as materialism, but as a realism directed apinst materialism. 

Neo-Thomism is objective idealism. It reoogpizes a world that is 
independent of human beinp, but subject to investiption. The 
source of this world is God. This is why it is opposed to positivism, 
which considers questions about the objective, real existence of 
things as meaninaless; moreover. positivism is fundamentally athe
istic. Critical realism, because it denies the possibility of acquiring 
adequate (see footnote p. 66) knowledae, turns the question of the 
material of ideal origin of thinp into a different question the an
swer to which lies outside the arasP of science. 

The conflict bet~een natural science and reliaion can only be 
eliminated within an idealist structure. The Vatican Council II 
deals with the matter as follows: "The Council thus accepts the 
teachina of the Vatican Council I that there exists a 'two-fold order 
of knowledae, • two orders separated from each other: that of faith 
and that of reason, and the Church definitely does not reject the 
idea 'that the human arts and sciences, each in their own sphere ... 
make use of their own principles and methods. • Therefore, in 
recopition of this 'just freedom• it affums the lesitimate auton
omy of culture and above all of the sciences.' •23 The teachinas of 
Aquinas about the dual truth, integratina the truth of the sciences 
into the truth of rev~lation, help leJitimize the development of the 
natural. ~en~. without any reliaious positions beiDa Jiven up. 
Science is expressly characterized as one order which exists alona
side another order, and this other order is not subject to examina
tion by the methods of science: Epistemologically, such teaching 
leads right to critical realism, which, by claimina that the gaps in 
knowledae are impossible to fill, leaves room for revelation. 

Some proponents of critical realism try to deny the objective-ide
alist character of this philosophy or its connections with neo
Thomism. Thus Wenzl argues that 

to describe it as an objective-idealist school close to neo-Thorn
ism arid to accuse it of tendencies to subordinate knowledge to 
faith shows a complete misunderstanding of its real essence, 
which is clearly and unambiguously expressed in its name: it re
c:oprizes the existence of an external reality outside of our con~ 
sciousness which we can perceive and where relations and chanaes 
can be laraely explained by tested and confmned hypotheses -
hence the name "realism"; however, it does not treat the sen
suous qualities, the characteristics of our perceptions, and ac-
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cepted spatial and temporal relations as· objective statements 
about the things.-in-themselves, but merely assumes that the prgp
erties and relations which we perceive and attribute to th~ with 
good reason correspond to this objective reality and that our 
knowledge bas limits - therefore, the term "critical" realism.24 
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Wenzl thinks that he has found a third road between materialism 
and idealism. However, as long as he sees reality as merely being 
independent of our consciousness, but does not emphasize its ma
terial nature, his position remains one of objective idealism. He 
tries to evade the consequences of objective idealism by borrowina 
from materialism, but in this he is inconsistent. 

How little the epistemological basis of neo-Thomism and critical 
realism differ will become clear as we turn to the fundamental posi
tions of critical realism. 

Critical realism recoanizes the objective origin of the world. It 
exists outside our consciousness. Becher writes: "We must recog
nize an external world outside of the consciousness of humans and 
animals as real, otherwise the assumption of law-sovernedncss is 
unsupportable and the sensuous perceptions would lack the causes 
which they must have according to the causality principle. "2S 
Here, we can see how Becher capitalizes on one of the areatest 
weaknesses in positivism. Positivism could not explain the oriains 
of our perceptions and therefore brushed this aside as a meaning
less question. Critical realism appeals to the spontaneous material
ism of the natural scientist by accepting a real external world. 

But the mere recoanition of an external world is not sufficient to 
arrive at the essence of the philosophical issue. The point is the ob
jective nature of this external world, i.e., its independence of hu
man (and a postulated extra-human) consciousness, t~e material 
nature of the external world, the primary character of matter over 
consciousness. But, according to Becher. natural science cannot 
help us recognize this character. It is here that critical realism sets 
the boundaries for our ability to acquire knowledge of nature. 
" Our knowledge of nature grasps only 'formal' features of the ex
ternal world as such, i.e. , only those features which more or less 
concern its forms, e.g., differences, temporal and numerical prop
erties, and the laws embracing them. Only the form of the external 
world is accessible to our knowledae of nature, and not its inner 
properties, its 'inner essence. • That establishes the limits to our 
knowledge of nature. " 26 

Critical realism recognizes a world existing outside of the human 
being. Hence, it is realism. However, the essence of this external 
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world is not knowable. That is its "critical" element. But this is 
exactly what makes it interesting for neo-Thomism. Without actu
ally speakina directly of God, this viewpoint provides the possi
bility for a theolosical interpretation of the natural sciences. If the 
limits to our knowledge of nature do not allow us to penetrate the 
essence of reality, which for the critical realists can be an ideal real
ity, then this ideal reality can be the work of a world spirit, of an 
objective will, or Ood. 

This realinn recoanizes reality in form, but its critical character 
suuests the apparent impossibility of acquirina knowledae of the 
euence of this reality, in order that the character of the external 
world can, in an objective-idealist way, be made ideal. This shows 
that critical realism, despite ita claims to the contrary, is a form of 
idealism. 

Critical realism, althoush not bolind to any reliaion, leads to a 
position that forces the natural sciences to turn toward reliaion. 
Bavink already bad discussed the path from natural science to re
liaion. Wenzl follows this up and writes: "What Bavink means 
and what must actually be said is that, fll'lt, unlike a aeneration 
aao,let alone half a century qo, the natural sciences are no lonaer 
an obstacle toward a positive reliaious decision, and that, this as
sumed, the find.inp which are obtained without reJiaious assump
tions do not ,make unbridaeable the pp between sdence and re-
a:..h u27 ,....on. 

Wenzl also describes bow natural science is to take the path to re
Jiaion. It "became conscious of its limitationa itself" and leads to 
questions "to which metaphysics .•. can dare Jive hypothetical an
swers, even if ultimately they can only be answered throuah a relia
ious decision. "28 

On the other hand, Wenzl objects to the claim that critical real
ism tries to interpret the natural sciences theoloaically. He is of 
course riaht when he points out that Hartmann rejected reliaion, 
and that Becher and Bavink did not want the natural sciences to be 
understood as a substitute for reliaion. But no one had made this 
claim. The claim is merely that critical realism, with a few 
exceptions, Jives theoretical support to Bavinlc's idea that natural 
science is on the road to reliaion. 

While neo-Thomism is bound to the doamatic acceptance of 
Tbomist philosophy, critical realism strives to set forth questions 
that cannot be answered by the natural sciences. In the view of the 
critical realists, this is where religion must enter. The criticism of 
subjective idealism serves to ·smooth the path for objective 
idealism. But the critical realists emphasize that their goal is not 

5. Critiques of Bourg«>is Natural Philosophy 175 

purely and simply to establish a basis for reliJion. Typical for crit
ical realism is the conscious support of metaphysics. 

For the critical realists, metaphysics is ultimately the attempt to 
found a world view on an idealist basis, one that takes lnto account 
the total knowledae of our period, which answers the ultimate 
questions about the essence of the world in such a way that it satis
fies our temperament, our feelinp, and our thinkina. This meta
physics calls itself inductive because it tries to take all experience 
and scientific knowledae into account. While the effort is there, 
the assumptions lead to idealist conclusions. Another idealist fea
ture that enters is a vitalistic explanation of the relation between 
body and soul based on a super-entity principle, acwrdina to which 
the spiritual plays the leadina role in all ocaurences. 

Here apin we see that neo-Tbomism and critical realism have in 
common the recoani~on of an external world the character of 
which is ideal. They are united in their idealism. Furthermore, the 
neo-Tbomists try to dim.inate the basic question of philosophy as .a 
criterion for differeiltiatina between a scientific and an unscientific 
philosophy. Wetter writes: 

The whole disc:ussion bas really nOtbina to do with the antithesia 
between idealism and materialism; the iaaue lies, rather. between 
an idealist or positivistic epiatemolotY and a realistic one. 
'Ibrouahout we can discern the efforu of Soviet philosophy to 
counter oertain'ideallstic:: and positivistic tendencies in the inter
pretation of quantum physics. We muat merely be on auard 
apinst the mJsuae of the coocept of "materialism," customarily 
pracdJed in this context, in tbat here too the concept of "mater
ialism" is confUICd with tbat of " ralilm.'' When it is arped 
that the micro-particle represents a reality existin& independently 
of the process of observation and meuurement, this is not a 
"materialistic:" interpretation, but a "ralistic" one. The 
acknowledaement of a reality independent of the knowin& subject 
is not "materialism, .. since this does nothina to settle the ques
tion as to the nature of this reality, i.e., u to whether matter is 
the only and ultimate reality. 29 

Here it is obvious that Wetter is attacking dialectical materialism 
and evading the clear lines of battle between idealism and material
ism. It is not just an unimportant difference of opinion. The issue 
at stake is materialism, the acceptance of matter as primary, and 
therefore the scientific or unscientific nature of our approach to the 
interpretation of physics. Wetter juxtaposes positivism to realism, 
includes dialectical materialism within realism, and then uses the 



176 . 5. Crlti~ of Bourg«Jis Natural Philosophy 

critical-realist argument about the open questions in the natural sci
ences. This "subtle,. chanae of fr-ont turns dialectical materialism 
into realism and emphasizes its opposition to positivism. But in 
reaard to questions unanswered by the natural sciences, dialectical 
materialism has nothing to say, and neO-Thomism, everything. 
Here we find one of the main arguments against materialism: The 
unity of the world in its materiality is not established. However, 
Wetter recognizes, as we have seen, that microparticles exist inde
pendently of the process of observation. So, qain, here arises the 

. question about the character of this existence. In order to justify 
the idealist view that this existence bas -an ideal character, Wetter 
would have to prove the dependence of objective reality on an ab
solute mind, i.e., a consciousness independent of all material exis
tence. DialecticalJJi.8terialism bases itself only on those scientific 
results which uncover the objective laws of objectively real proc
esses. This assumes that these processes have material causes, 
even if science has not discovered the specific cause for a given 
case. The assumption of ideal causes is incompatible with science 
and, as we showed when dealina with neo-Thomism, it is an un
proved hypothesis which is based merely on the claim that our 
world is incomplete and fmite. 

Once apin, we have confirmed what we already emphasized: the 
neo-Tbomists pass silently over the problems involved in their own 
hypotheses and postulates. They consider all other philosophical 
directions as unproved and use their own views as the only possible 
yardstick for the interpretation of the natural sciences. 

Wetter wishes to deal a fundamental blow to materialism by de
clarina it unproved. For this purpose be must obscure the basic 
question of philosophy and proclaim secondary differences 
between two idealist currents (positivism and criti~ realism) to be 
the main differences. This is meant to win over the natural scien
tists whose spontaneous materialism recoanizes the existence of a 
real external world. By declarina Marxist-Leninist philosophy to 
be a realistic current with unproved assumptions, Wetter wants to 
prevent the natural scientist from passing from spontaneous to 
conscious materialism. However, dialectical materialism differs 
fundamentally from positivism, as well as from neo-Thomism and 
critical realism, because it generalizes the scientific results of think
ing and the basic assumptions of scientific work and defends them 
against attack from all idealist directions. 

Critical realism had, of course, some positive aspects. In the 
philosophical polemics at the beginnina of the twentieth century it 
supported materialism and correctly dealt with methodological 
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problems of scientific research. For example, Bavink, in his book, 
Results and Problems of the Natural Sciences - An Introduction 
to Current Natural Philosophy,30 particularly in the first part, had 
important things to say against positivism. In his Philosophical As
sumptions for the Exoct Natural Sciences, E. ~her .argued a~st 
the positivist concept ·of hypothesis, in particular, Macb's.31 
Becher made convincina arguments apinst the view that there 
exists a hypothesis-free physics and showed the importance of the 
hypothesis for scientific work. It should not be foraotten tha_t 
Becher's activities occurred durina a period that brought to light 
many epistemological difficulties in natural science and a crtique 
of positivism was badly needed at that time. 

And even if these polemics cannot be compared with those made 
by Lenin apinst positivism, it should be said that Lenin com
mented positively on ·Becher's criticism of Mach.32 

The fact that critical realists or individual representatives of this 
school have made positive contributions in no way changes our 
fundamental assessment of them. Through their natural philos
ophy, positivism and critical realism try to give idealist interpreta
tions of the results of natural science. Although their representa
tives believe that they stand above the materialist and idealist cur
rents, our analysis bas shown that positivism tends toward subjec
tive idealism and critical realism toward objective idealism. The 
latter becomes particularly clear when critical realism and neo-
Thomism join toaether ,33 . 
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