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SCIENCE

AND
NATURE

SCIENCE NEEDS
A USEFUL PHILOSOPHY

An Editorial Statement
on Our Reason for Being

PURPOSE. This journal is dedicated to helping the investigator
in developing new knowledge and the teacher in transmitting
this knowledge to a new generation. The functions of the

_ journal will be:

1) To show how the Marxist theory of knowledge illumi-
nates basic philosophical questions concerning the scien-
tific process and thus helps to raise the level of con-
sciousness of those participating in the process.

2) To demonstrate that the principles of dialectical mater-
ialism provide a fruitful conceptual orientation for re-
search processes such as model building, hypothesis gen-
eration, and interpretation of experimental results.

3) To report on the ways in which historical materialism
provides useful understanding of external social forces
that influence the way scientists think as well as the
economic basis of their activity.

By such methods we hope to make scientists into better phil-
osophers and philosophers into better scientists, bringing the
two communities into a closer, more effective working alliance
for the advancement of science. We believe that this is also the
best way to refute the false charges that Marxism is only dogma.

Along the way we hope to explore vital questions such as the
relationship of thought processes to other processes of nature.
And we will be delighted if, through such exploration, our jour-
nal contributes to the further development of Marxist philos-
ophy of science.

Thanks to the examples provided by Marx, Engels and Lenin,
the role of Marxist philosophy is already well established in the
social sciences. Science and Nature will concentrate on achiev-
ing the same status for the natural sciences.

POLICY. This journal will be a medium of communication on
the philosophical problems of the physical, biological and for-
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mal (mathematical) disciplines. The main ettort will be to pub-
lish.material that is both interesting and relevant to practition-
ers of these sciences. :

Relevance will be judged primarily by the degree to which a
contribution brings out the relationship of philosophical prin-
ciples to scientific practice. For this purpose, authors should
make an effort to discuss their scientific problems in a manner
that can be grasped by those outside of the particular discipline
involved.

Contributions of all types are welcome—brief communications
or in-depth articles, bibliographic notes or more lengthy reviews
The size and trequency ol journal issues will depend on the qual-
ity of editorial material available as well as the funds on hand.
(Our current goal is two issues per year.)

PROPOSAL. We solemnly promise that any investment you
make to help get this new journal off the ground will bring no
monetary reward whatsoever. But you may expect lasting satis-
faction from helping us to take advantage of the currently favor-
able climate for bringing to the academic community a broader
and deeper understanding of Marxism.

As a minimum investment, we urge that you not only sub-
scribe for yourself but also bring Science and Nature to the
attention of friends, colleagues and students. Any investment
in the form-of an added contribution will, of course, be especi-
ally helpful in this first year of our philosophical enterprise.
The time you invest in giving us helpful suggestions and critical
comments will also be greatly appreciated. O

Philosophy Against Nature

Naively, Galileo believes that simple truth will conquer, and the old order
will collapse under its pure light. He does not at first recognize the depth
of the problem he is confronting. Patiently Galileo explains to the court
and its philosophers how burdensome the old theory has become: “As
your highness no doubt knows, we astronomers have for some time been
encountering great difficulties in our calculations. We are using a very old
system which seems to be in agreement with philosophy but unfortunately
not with facts.” All that is necessary is that one look through the telescope
and one will see with his own eyes that Aristotle and two thousand years
of tradition are wrong. The court philosopher disputes at length with
Galileo on the nature of truth ... no one looks through the telescope.

— James Lawler, ''Bertolt Brecht on Revolution in

Science and Society,”” Political Affairs, July 1978.
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Science us Social Process ... o

INVITED SPEAKER BN D AT
Robert S. Cohen (Boston University)

The aims of an organization of this sort [ Dialectics Workshop]
are primarily to bring out the relevance of Marx to the present
time. to the science of today. [ am talking here not on my view
of what Marx means for today but on what [ think he meant for
his time. -The relevance of this for science and philosophy today
is for you to develop ...

Marx and ‘Science

The principal contribution of Marx was to emphasize the
social character of science. Although he acknowledged the cog-
aitive successes of ihie sciences, he nevertheless comprehended
them as social phenomena, part of the general social and eco-
nomic processes of their times (that would be his hypothesis):
and if at times they were isolated from social forces, then they
were to be understood as a product of social contlicts and pres-
sures which allowed for such isolation. Even the pure scientists.
responding solely to inner motivations (pechaps curiosity) would
be in a social situation which produced that kind of curiosity.
that kind ol isolation.

To be social meant, further, to respond to socially produced
motivations and purposes, and to do so with socially stimulated
modes of inquiry and ol explanation, and with criteria of success
or failure which themselves changed from century to century ...
The sciences were not in any full sense promoted by pleasurable
motivations tor, in the development of the sciences, Marx saw a
central, perhaps the essential, contribution to the grim and prac-
tical task of mustering nature. « « «

On the deliberately conscious Iinkl:p of science with industry,
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i
and the social implication. Marx says (Capital, v. 1): “The imple-
ments of labour, in the form of machinery, necessitate the sub-
stitution of natural forces tor human force, and the conscious
application of science, instead of rule of thumb” (p 382) ... and
“Intelligence in production expands in one direction because it
vanishes in many others. What is lost by the detail lubourers, is
concentrated in the capital that employs them ... modern indus-
try makes science a productive force and presses it into the ser-
vicerof capital™ (p 355). « « «

You may remember this passage from The Comununist Mani-
festo: “The bourgeoisic has stripped of its halo every occupation
hitherto honored and looked up to with reverent awe. It has
converted the physician, the lawyer, the priest, the poet. and the
scienatist into waze labourers.”

On the distinction between science and cooperative lubour,
there is an interesting passage from vol. 3 of Cupital: “Universal
labour is scientific labour, such us discoveries and inventions.
This labour is conditioned on the cooperation of living fellow
beings and on the labours of those who have gone helore. Co-
operative labour; on the other hand. is a direct co-operation off
living individuals.” « » « .

Marx early recognized that. like prejudices and religious be-
liefs, so also ideas have social function and determinants. not
least of them scientific ideas, even those of the most confirmed
and objectively established sort. He was an admirer of Charles
Darwin whose work he saw as a penetrating insight and proot
indeed of the historical character of biological nature. But he
also noted with amusement that Darwin’s hypothesis saw nature
through a social image. He wrote to LaSalle, at a time when he
was still friendly with LaSalle, “Darwin’s book is very important
and serves me as 4 natural-scientific basis for the class struggle in
history. One has to put up with the crude English method of
development, of course. Despite all deficiencies, not only is the
death blow dealt here for the first time to ‘teleology™ in the
natural sciences but its rational meaning is empirically explained™
(Selected Correspondence, p. 151). Note that you don’t throw
out teleology, you expluin it.

Then, in a letter to Engels, he says: “It is remarkable how Dar-
win recognizes, among the beasts and the plants, his English so-
ciety with its division of labour, competition, opening up of new
markets, ‘inventions,” and the Malthusian ‘struggle for existence.’
It is Hobbes" war of all against all, and one is reminded of Hegel's
Phenomenology where civil society is described as a ‘spiritual
animal kingdom,” while in Darwin the animal kingdom figures
as ¢ivil society” (Ibid. pp 156-7).

Marx also saw Darwin’s work as suggestive for human history.
and for the instrumental role of the human body and of technol-
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ogy and science. Here is another of those simply marvelous foot-
notes 1n Capital: **Darwin has interested us in the history of Na-
ture’s Technology, i. e., in the formation of the organs of plants
and animals, which organs serve as instruments of production for
sustaining life in the plants and animals. Does not the history of
the productive organs of man, of organs that are the material ba-
sis of a social organization, deserve equal attention? And would
not such a history be easier to compile since, as Vico says, human
history differs from natural history in this, that we have made
the former but not the latter.”

Marx consistently treated science under the general heading of
labor and he understood scientific conceptions to be joined with
the material basis of human existence, with practical life, and
with social relations among men and women. The previous foot-
note continues: “Technology discloses man’s mode of dealing
with Nature, the process of production by which he sustains his
life, and thereby also lays bare the mode of formation of his so-
cial relations and of the mental conceptions that flow from them.”
An extraordinary claim! If one really understood the history of
technology and the science that goes with it, that would be the
basis for understanding the mode of formation of social relations
and the mental conceptions, the ideologies ol the times! That’s
in Capital, so it’s the fully mature Marx. “The weak points,” he
goes on, “in the abstract materialism of natural science, a=mates-
ialism that excludes history and its process, these weak points
are at once evident from the abstract and ideological conceptions
of its spokesmen, whenever they venture beyond the bounds of
their own specialty.” I think that’s no longer true. Today the
liberal as well as the radical spokesmen go well beyond ... but
this was something quite appropriate for his time.

Marx and Nature

He saw very well, as I'm sure you know, that capital “first
creates bourgeois society and [with it] the universal appropri-
ation of nature”, the key point of bourgeois society, universal
in the sense defined before, that nature takes an instrumental
role in human history, nature becomes an instrument for human-
ity. That’s from the Grundrisse, the huge preparatory notes for
Cupital. *“‘For the first time,” he continues, “nature becomes
purely an object for humankind, purely a matter of utility,
ceases to be recognized for itself. The theoretical discovery of
any autonomous law of nature appears merely as a ruse, a trick,
s0 as to subjugate nature to human needs, whether as an object
of consumption or as a means of production.”

Now such an attitude towards technology and science, I think,
obviously leads to what Marx considers to be the correct notion
of freedom, the now familiar theme ot Marx, in which we re-
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versc,?the domination of human beings, either by the “blind”
force's of nature or by the blind forces of society. und turn them
upside down. - )

It is technology that is fundamental because technology is the
mediation between man and nature. He says (Capital, vol. 3):
“the realization of treedom consists in socialized man, the asso-
ciated producers, rationally regulating their material interchange
with nature and bringing it [nature] under their common con-
troFinstead of allowing it to rule them as a blind force.” Now
that must lead bevoad craft technology to science with the im-
pressive modilication of human life which ts made possible by
the cognitive achievements ol science when and if. in Marxist
terms. nature is appropriated. Marx say's (in The Grundrisse),
=it is neither the direct human labour he himself perlorms nor
the time which he works. but rather the appropriation ol his
own [scientific] productive power, his understanding of nature
and his nustery over it by virtue of his presence as a soctal hody.
it is. in a4 word. the development ol the social individual [as sci-
entist] which appears as the great foundutionstone ot produc-
tion und of wealth.” :

Now to understand what he meant by the phrase “the social
individual" is to understand what he meant by the whole of the
Marxist theory of socicty and I can’t pursue that here ...

Marx and Method

Unfortunately even today 100 years later, research into what
Marx meant by the scientific method, the methods of thought
and investigation. as shown in his works and us expounded by
him. has brought no general agreement anywhere in the world.
There are. however. several explicit texts by Marx on the scien-
tific method [sce Bibliographic Notes. this issue| .. and then
there are other thines to be understood, if you're clever enough.
from everything else that Marx wrote.

Engels often praised Marx’s method. even above Murx’s
achievements. In a letter ot 1895 to Sombart. u soon-to-be reac-

tionary German economist. Engels wrote: “Marx's whole manner

of conceiving things is not a doctrine. but a method. [t ollers
no dogmas. but rather points of reference for further rescarch,
and the method of that research ... 7« «

Discussing the dialectical method in Capital (Vol. | Alter-
word) Marx said: “Of course, the method ol presentation must
differ in form from that of inquiry. The latter has to appropri-
ate the material [the empirical data] in detail, to analyze its
different forms of development, to trace out their inner connuec-
tion. Only after this work is done, can the actual movement be
adequately described. If this is done successfully, if the lite of
the subject matter is ideally reflected asina mirror, then it may

Page 6 Science and Nature 1978 (1)

appear as it we had before us a mere @ priori construction.”™ ...
So Marx distinguishes the method of inquiry from the method
ol exposition.

By the way. exposition is not just the method of teaching or
pedagogy. it is the actual sccond stage of scientific work. In-
quiry is factually realistic, beginning with initially uninterpreted
data that are subjected to analysis in stages of complexity which
demand insightful abstraction, simplification and, of coursc.
some subtlety. The tfactual data are the concrete entities or the
wholes. not the individual partial things, the whole Factual data.
And the results of analysis are abstract principles analyzed into
theoretically formulated “parts™, i. e., selected out, hypotheti-
cally guided by theories that have been based upon and more or
less tested in previous investigations. So inquiry is a complica-
ted stage of empirical rescarch, and of inductive as well as hypo-
thetical analysis.

Then comes presentation which gives the results their neces-
sary development — or some notion of development anyway —
which aims to be a conceptual return from abstraction back to
the concrete reality. and brings the component parts or qualities
of any subject matter together in what we would call their organ-
ic relatedness and interrelatedaess and into their evolutionary or
historical movements. This return will be mediated by exposi-
tory as well as theoretical-demands so as to clarity the separate
qualities and the various relations among them, including their _
relations with their environment.

So. for Marx, the truth will be the whole in its changes. And
these changes in turn will be related by historical processes.

This is the Marxian dialectic of contending and negating *“forces™
within history ... negative meaning changing, denying or destroy-
ing what was ...

DISCUSSANT:
Irving Adler (North Bennington, Vermont)

Fifty vears ago many people rejected as absurd the idea that
Marx and Engels had created a science of society. They argued
that there couldn’t be any such thing as a science of society or
a science of history -becuause (a) controlled experiments are not
possible and (b) the student of society is part of the phenome-
non he is studying: hence. objectivity in the study of society
was presumed to be impossible. This argument was the basis of
a supposed absolute distinction between the study of nature.
which could be scientific, and the study of social institutions.
which could not.

This distinction has been eroded by what is happening in the
natural scicnces themselves, First, all the sciences are now his-
torical sciences. In the nincteenth century . geology and biology
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had already become historical sciences, studying processes and
evolution. Since then, physics applied to astronomy, has be-
come an historical science, studying the origins and evolution of
stars and galaxies und the forms ol matter they contain. Chem-
istry, too, has become an historical scicnce, studying prebiotic
chemical evolution and the origin of life. Secondly, it isn’t only
in the social sciences that the spectator is part ol the act; the
spectator is now part of the spectacle in physics as well. Rela-
tivity theory teaches us that measures ot length and duration
depend on the speed of the observer, and quantum theory tells
us that the more accurately we determine the position of an
electron. the less accurately we can determine its momentum,
and vice versa, because every act of obscervation is an act of
interference with the thing observed.

The erosion of this presumed distinction between the study
ot nature and the study of society has two important implica-
tions. The first is that the scientific study of socicty is no less
possible than the scientific study ol naturce. The second is that
diatectical materialism, developed initially in the social sciences
for the study of complex dynamical processes undergoing evolu-
tion, is also the appropriate method for the study of processes
and evolution in the natural sciences. « « »

In what way is dialectical materialism of use to the scientist?
To answer this question, it is important to note first the charic-
terization of dialectical materialism by Engels that has been
called to our attention by Professor Cohen. Lngels said in 1895
in a letter to Sombart, “*“Marx’s whole manner of conceiving
things is not a doctrine, but a method. It ofters no finished dog-
mas, but rather points of reference tor further research and the
method of thit research.” ... Awareness ot the principles of dia-
lectical materialism is a kind of insurance against dogmatism.
Each of the principles is a generalization from past expericnce
in the sciences. But it never takes the form of telling us what
we must find in a particular area of study. [t tells us only what
we rnay find. Then, this reminder ot what is possible, becomes
the point of reference, as Engels says, for some research. ...

Each of the principles of dialectical materialism is a danger
signal, a red (lag, if you will, warning of the existence of some
common booby traps for unwary investigators. Among them
arc: 1) the metaphysical fallacy, trying to characterize an object
by some abstract, absolute essence rather than by studying its
internal and external relationships, its history and its d ynamics:
2) the supernatural or external cause fallacy, tailure to recognize
that some motion can be understood as sclf motion resulting
from internal conflict; 3) the mechamstic fallacy, failure to rec-
ognize that qualitative differences do cxist; 4) the reductionist
fallacy, ignoring the fact that in a complex structure or process
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the whole is greater than the sum of its parts; 5) the eclectic fal-
lacy, failing to recognize that qualitatively distinet tactors may
be related; 6) the extrapolation fallacy, extrapolating a law be-
yond the time and context for which it has been established,
thus unjustifiably converting what is particular and temporary
into what is allegedly general and eternal.

Recent experience in biology provides a good example of the
usefulness of dialectical materialism as insurance against dogma-
tism. After Pasteur’s experiments settled a 200-year dispute
about spontancous generation, his principle that life comes only
from lile and Virchow's principle that cells come only from cells
were elevated into a dogma assumed to be valid for all times and
circumstances.

Adherence to this dogma was an obstacle that stood in the
way of initiating any meaningful study of the origin of life. The
scientific study of the origin of lite began when Oparin, Bernal
and Tlaldane, consciously using onc of the principles ot dialecti-
cal materialism, challenged this dogmi, pointing out that a law
that applies for the period after the origin of life need not be
valid for the period before the origin of lile.

Now another dogma has arisen, to take the place of this old
one. This is the dogma asserted as late as 1971 by Jacques
Monod that the transfer of information belween nucleic acids
and protein can only go in one direction, from DNA to RNA to
protein. The dogma has already been shaken by the demonstya-
tion that in some cases information goes from RNA to DNA but
the faith of the dogmatists has not been shaken. Adherents of
dialectical materialism vould keep an open mind on this ques-
tion. The fact that the transfer of information goes only in the
direction from nucleic actd to protein in living cells does not
preclude the possibility that it may have gone the other way at
some stage in prebiotic chemical evolution.

1 the principal function of dialectical materialism is to serve
as an antidote for dogmatism, any formulation of its principles
as a set ol rules thut nature st obey is a misrepresentation of
these principles. In this category is the assertion on purely phil-
osophical grounds that ““space and time are boundless and infi-
nite” made in the book “The Fundamentals of Marxist-Leninist
Philosophy.” published in the U.S.S.R. in 1974, In relativistic
cosmology . the answer to the question *“Is space finite or in-
infinite?” will be obtained only by measuring the relevant param-
eters. and not by making some arbitrary presupposition.

I would add only one more point at this time. Dialectical
materialism, like any other theorctical construct, cannot be
assumed to be perfect for all time. It should be reexamined
constantly, to be corrected and refined in the light of experi-
ence. 1tis now over 100 years since its principles were first
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formulated in the work of Marx and Engels. More precise for-
mulations of its principles that are based on the great advances
of the sciences in the last 100 years should now be possible.

DISCUSSANT o
Garland E. Allen (Biology Dept., Washington University)

[Dialectical materialism] is, of course, more than a method, but
as a method it has an enormous amount of applicability in every-
thing we do and T would like to urge that when we think about
learning this method, we think about its application, too - what
it can be used for — that we not think about it only in terms of
its application to the patural sciences although that may be the
main concern we here more or less directly share. I think it is
obvious that a bench natural scientist who is asking questions
and trying to come to answers can profit from using the mcthod
we call dialectical materialism. In my own work in the history
of science, that method has raised questions of a different sort
than 1 would otherwise have raised ...

I think the only way to develop the method is to apply it and
see its inner connection in a number of different realms. That
means extra-academically as well as academically. I think it can
help us, for example, understand and criticize phenomena such
as the rse of sociobiology theory ... in fact, if one applies the
dialectical method to the content of that so-called theory, one
sees that there are many questions it has left unanswered and
many methods which it has not even looked at...

I'm not sure that 1 agree with Bob Cohen that Marx’s state-
ment is applicable more to his day than ours—namely, the state-
ment that the idealistic nature of much of science is evident
when scientists step out of their own specialty and begin to make
comments on other things. I certainly sce an enormous amount
of that today among my colleagues. I sec it in sociobiology
where the basic method is to invernt genctic components which
then are elaborated into enormous explanations of why they
might exist. As Marx and Engels both pointed out, science deals
not with what might be conceived to exist but with trying to
understand what in fact does exist.

1 think also that developing our dialectical method involves
putting these things into practice, both in criticizing things like
sociobiological theory and in terms of our own activism in con-
temporary social fields. By that I mean that we learn more
about the method, to apply even in our intellectual endeavor, by
being on the streets, by means of protest, by standing up ... talk-
ing about sociobiology ... doing what we have to do in our con-
temporary lives. That’s another field of the interaction between
theory and practice in dialectical materialism which [ think is
absolutely essential ...
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[ don’t mean to sound mechanical about it but T think there’s
no such thing as theoretical Marxism... [ tell “theorctical
Marxists” [sociologists] that I think it’s a contradiction in terms.
Perhaps the analogy with theoretical physics works on people’s
minds but I don’t think there is such a thing as theoretical
physics really. Ultimately, things must be tested in some way.
The division of Tabor between those who theorize and those who
test is a mistake in any realm of human activity, especially in
dialectical materialism. It is a method that has to be practiced tn
every realm because it is basically one which sces interconnec-
tions, whether in day-to-day political experience, classroom teach-
ing. lub bench science, or the study of the history of nature.

[ want to close with this notion: the theory of dialecticul
materialism is powerful and rich because it is [irst and foremost
a method which grows, is not static or unchanging, but a method
which teaches certain kinds ol questions to ask and certain ways
ol trying to answer them.

AUDIENCE INTERACTION

David Schwartzman (Howard University). Some writers have
maintained there is a contradiction between Engels’ formulation
of dialectical materialism and Marx’s thinking on the subject.
Dr. Cohen, what are your views on this?

Cohen. | think there are differences but not contradictions anl
not conflicts... Engels treated questions that Marx did not treat
and which Marx would not have treated. LEngels was more con-
cerned, on behalf of both of them. with his studies of contem-
porary natural science.

It’s most unfortunate that :ngels’ notes [in Dialectics of .
Narture ] were taken as though they were his considered results.
ITe was writing about historical processes in nature. It’s not at all
clear that specifically dialectical relationships were found by him
in nature. Historical transitions were found but, if one keeps to
the word dialectic as referring more or less to self-changing, inner-
generated transitions, one can’t [ind that in nature. If you de-
tine dialectic in the form that it takes place in human history.
you don't find it...

Engels raises this question a bit in Anti-Duliring. then time and
again in Dialectics of Nature. te gives examples, pedagogical or
provocative but, at any rate, unanalyzed examnples... and says that
this is a future rescurch problem... These are not considered or
fully worked out things. ‘ ,

[ think Lenin picked it up very well in that very brief, also
incomplete. business where he says that what we need is a bunch
of scientists who understand Hegel and will still be scientists.
Then maybe someday we’ll have a material equation of dialectic...
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Lenin wrote that without knowing of Engels’ work [on the dia-
lectics of nature] but it fits very well. I think it’s a very incom-
plete, open research problem as to what would be an adequate
meaning for an autonomous nature having a dialectic.

I think that, for Marx himself, it was of no interest. v real-
ly thought of nature in its relation with m;mki_nd and, since na-
ture is transformed by mankind. there was quite obviously to him
a dialectic of that nature. Whether there was a dialectic in nature
itself, independently, he didn’t get to that. I think he would
have it he hadn’t died so early, because he shared with his friend
Engels this very Eddingtonian type of interest in how nature gives
rise to its own contradictions.

In that sense, one can say with some neoMarxists that, on one
side Engels is more scientific because he talks more about autono-
mous nature, and Marx is more man-centered in dealing with na-
ture. You can push this contrast but I don’t believe in it myself.
I think Engels was more Marxist than that...

Stephen Jay Gould (Harvard University). I've always read Dia-
lectics of Nature as just a series ol notes, undigested examples.
’ve never understood whether he just put them down as remind-
ers to work out later... The problem ol quantitiy into quality 1s
where Marxist theory intersects my own work on the nature of
rapid change in geology ... if someone found my notes for [an
unpublished] article, it would be a silly series of lists.

Cohen. Besides, there were no xeroxes then, and people had to
write down all kinds of quotations.

Gould. On the other hand, if you look at some of the more fin-
ished products, such as The Part Played by Labour in the Tran-
sition from Ape to Man, there Engels is willing to make particu-
lar historical deductions from Marxist theory. There's one thing
that's not appreciated about that essay: Engels didn’t just make
up right from theory the notion that the hand represents labor
and labor is the ground for society. therefore the hand must have
evolved before the brain. He writes as though he had deduced

it from that principle but, in fact, he cribbed it from Haeckel
who had been arguing that upright posture came first. Nonethe-
less, in that essay Engels was willing to make a historical hypoth-
esis and justify it on the basis of philosophy.

Lester Talkington (Science and Nature). [t seems to me that as
soon as historical processes enter the picture, dialectics come in
too. whether in nature independent of man or in purely sugiui
processes. Probably the biggest source of difficulty arises rom
the lack of clarity on this in Dialectics of Nature.

Cohen. | think there’s a lack of clarity in understanding Marx
on this. If he were Hegelian, it would appear that the word dia-
lectical would mean something with the word history. I it
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means the same thing as the word historical, we'd just have a syno-
nym. Butif it means something additional to historical... In [le-
gelian usage, at least, it would seem to be tulking about internal-
Iy gencerated changes. changes which come from internal forces
and internal relations. Internal to what? Well, whatever the en-
tity is that you're looking at. societly or whatever.

And there could be dispute over whether dialectical changes.
dialectically formulated history of change in the stars and galax-
ies, are of that sort. Or would all the forees ol change be extern-
al to the entities mvolved? Weli, that’s an astronomical or cos-
mological problem, not one thut Marx or ngels was competent
to deal with or were interested in enough to deal with it. LEngels
speculates that there could be some such thing but he dido’t pur-
suc it TTe was already in the last years ot his life and editing
Mary’s manuscripts instead. Te had consciously made that choice.

Hegel had done very litte on this... Ths only serious work [in
this areal. on chemistry. was published only two years ago. So
the Hegelian notion ol nutural processes is ian open research prob-
lem lov which no doubt Marx and Lenin and others would have
been glad to give rescarch grants. They didn™t have a finshed doc-
trine at all.

Talkington. Forexample. take plate tectonies and the motions
generated within the earth that give rise to change. to historical
processes. having nothing to do with man or man’s understand-
ing. Would you consider those possibly dialectical processes ot
nature?

Cohen. 1Tdon™t know what the word dialectical would add to
just calling them processes. Perhaps it depends on how it is for-
mulated.

Talkington. Wouldnt it possibly give a scientist some under-
standing to know dialectics in investigating such a phenomenon?
Cohen. Tagree entively with Gar Allen on the helplulness [of
dialectical materialism] in pinning down the questions to raise.
In that sense. yes.

Ullica Segerstrale (Havvard Umiversity). Doces the word dialectic
have any meaning aside from the question ol how a human being
looks at something?

Garland Allen. Is it meaningtul to ask whether there is a really
objective dialectical process independent of people’s interpreta-
tion ot it? There's almost no way to answer that question.
Cohen. But there's a very strong hint in Marx and in Hegel on
this: that there's an objective diatectic. not a subjective episte-
mological way of dealing with it but an objective dialectic in
human history. Lhe aovisible hand is just a uselul way of reler-
ring (o the tact that objective processes exist independently ...
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There's an objective dialectic, yes.

Schwartzman. [ think there has been work since Engels on the
question of dialectics in nature... Butitis, indecd, a project
which is not developed so much as, say, historical materialism.
... Marx anticipated a lot of systems ideas. Some of the meta-
theories in systems theory, aspects of cybernetics and so forth
could really be the raw materials for a materialistic dialectics,
for developing dialectical materialism as the most generalized
theory of science—not simply being reduced to metaphors and
to the old three laws. which really need a lot of work. It’s no
longer adequate to use these laws and say that this contributes
to a methodological approach, warning us about certain things.
We need to develop it as a formal science... 1 don’t think it’s
correct to reduce dialectics simply to something evolving
through internal processes. We've come beyond that in terms
of looking at things as systems and their environments. But
certainly a star is an entity in itself and undergoes certain intern-
al processes. So docs any other object that natural scientists
study.

Cohen. Well, the entire part-whole process can be looked at
through the use of systems theory... In the gencral methodol-
ogy of science in the last 25 years, certainly in the Soviet Union
and among Marxists elsewhere, iU's exactly as you're saying. 0

On the Alienation of Scrence ————————————————— —————

In sixth-century Ionia man faced Nature in the confident hope that by his
unaided powers he would be able to wrest {from her her secrets; and in his
bold enlerprise he came to feel himself engaged upon an ethical as well as a
scientific task, Conscience acquired a new scope as man realized that his
progress in knowledge meant submitting his mind to the acceptance of ex-
ternal fact, of external law; and that ihe understanding of this law gave him
power to help or harm his fellows. Philanthropia, love of his fellows, hecame
his inspiration as much as theoria, disinterested curiosity.

But-the obstacles to the growth of this new knowledge and to the exer-
cise of this new power proved greater, und other, than had heen anticipated
Not only did Nature prove more complex than man had supposced, but polit-
ical obstacles also intervened. If democracy dimly and fitfully perceived
that its fate was linked with science, oligarchy had no manner of doubt that
ignorance was its shield...

Aristotle saved his scientific soul by a breach with Platonism where Plat-
onism had lost touch with Nature, but he retained from Platonism the view
that truth is the preserve of the élite, and that social order musl be based on
acknowledged superstition
— Benjamin Farrington, Science and Politics in the Ancient World.

Barnes & Noble Inc. {a Division of Harper & Row/, New York 1968, pp. 229-30.
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BARRY COMMONER
AND THE SECOND LAW
OF THERMODYNAMICS

Technology
fetishism?

CONTRIBUTED PAPER
David L. Morgan {University of Northern lowa)

Is the direction of scientific research governed by philosoph-
ical assumptions? Scientists sometimes deny that philosophy
inlluences their work, maintaining instead that they are guided
strictly objectively by their empirical, experimental approach.
I‘rederick Engels maintained otherwise:

Natural scientists believe that they free themselves from philosophy
by ignoring or abusing it. They cannot, however, make any headway
without thought, and for thought they need thought determinations.
But they take these categories unreflectingly from the common con-
sciousness of so-called educated persons, which is dominated by the
refics of long obsolete philosophies, or from the little bit of philos-
ophy compulsorily listened to at the university (which is not only
fragmentary, but also a medley of views of people belonging to the
most varicd and usually the worst schools), or from uncritical and
unsystematic reading of philosophical writings of all kinds. Hence
they are no less in bondage, but unfortunately, in most cases to the
worst philosophy, and those who abuse philosophy most are slaves
to precisely the worst philosophers. (Dialectics of Nature, Interna-
tional, 1940, p. 184.)

The misplaced influence of certain philosophicul conceptions
is often found in science and philasophy of science. In their
time Marx and Engels noted how the influence of Newtonian
conceptions ol motion served to justify a view of the universe as

a closed system devoid of any real history and how this view be-

gan to give way under the impact of the work of LaPlace, Her-
schel, and Darwin.! Today the generally held conceptions of
matter and encrgy recognize to a degree the richness and diver-
sity of motion and change. However, the [ailure of many inves-
tipators to acquaint themselves with dialectical materialism and
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its conception of nature may well account for the growth of
views inconsistent with this recognition. As an example. 1 ofler
Barry Commoner who, in his published book, The Porverty of
Power (Knopf, 1976), gives what purports to be a scientific anal-
ysis ol energy resources together with certain social and politi-
cal conclusions. [ tocus on this particular work because the re-
putation ol its author as a socially concerned scientist signities
that it is likely to have a great impact on many thoughttul indi-
viduals concerned with environmental deterioration and the
waste of resources. Marxists and other progressive persons will
find Commoner’s book particularly interesting because, unlike
most other well-known environmentalists, he lays the blame for
the problems he discusses squarely at the doorstep ol monopoly
capitatism. He gives an eloquent and often moving description
of capitalist plunder including the imperialistic rape of the third
world. In the end he calls for socialism as the only way to an
ccologically sound environment. However, as we will try to
show, the content of his “socialism™ and the scientilic analysis
upon which it is based is open to some serious questions. Al-
though Commoner makes use of Marx in part of his analysis. 1t
1s evident that he is either untamiliar with or does not choose

to make use of the Marxist conception ol nature,

Commoncr develops his view trom the standpoint of the Sec-
ond Law of Thermodynamics which notes the tendency of en-
erey systems 1o move towards a state ot maximum unavatlable
energy or entropy. Applying this principle to the consumption
ol energy resources, Commoner maintains that such resources
are being “firretrievably lost™ (p. 206). e goes on to show how
the production of most synthetic materials. including petro-
chemicals, uses up large amounts ol energy which cannot be re-
tricved except at the price of using even greater amounts to re-
tricve them (pps. 186-94). Because the mass production of such
synthetics as plastics is highly profitable, plastics have gradually
been substituted for other more “‘energy-efficient™ materials,
According to Commoncer, the use of synthetics and other mod-
ern fenergy-intensive’ production techniques wastes both capi-
tal and labor as well as energy. Captital invested in such systems
does not regencerate jobs to the degree possible in less mechan-
ized environments. Although modern production brings higher
productivity rates, it accomplishes such while requiring less
“participation™ ol labor in the production process (pps. 226-27).

Commoner advocates a return to more organic production
techniques. Ie states that the cconomic development of under-
developed countries lies in their being able to develop their po-
tential for producing natural materials such as cotton and rub-
ber. Growth in this area would be possible if the developed
world turned away from its dependence on synthetics (p. 230).
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Commoner. despite his claim ol disagreement with those who
prescribe austerity in the name ol ecological limits to growth,
nevertheless associates himsell with the growing number of
bourgeois writers who condemn excessive technology and who
hold that the future of the human race depends on convineing
masses of people to do with fewer modern conveniences (pps.
232-33).7 There are obviously many profound political and
social implications of this view. yet what is most striking is its
scemingly scientific basis from which much ol its credibility
stems. Rather than discuss the political and social aspects here,
let us look at its scientific and technological side.?

1t should be noted that nowhere in his discussion of the Sec-
ond Law ol Thermodynamics does Conumoner indicate any
awareness of possible limits in the operation of that law. Al-
though humans can create what Commoner calls “local islands
of order™, in his view. the luw mandates i process of increasing
entropy and “disorder™ as the “late ol the universe™ (pps. 18-
28). Other scientists. however, do not quite share Commoner’s
view. Jacob Bronowski, for example. notes that while a decrease
in available energy (an increase in entropy) nuay be the most
“probable™ occurrence, the universe is sutticiently vast to ac-
commodate a substantial number ol fess probable entropy-de-
creasing activities, such as the development of living things (77e
Ascent of Man, Littde Brown, 1973 pps. 347-48). J.D. Bernal
points out that entropy can generadly be said to increase only in
what are called “closed systems™ and that the Second Law can-
not apply to such “open systems™ as living things (Scicnce in
Historr, Vol. 3. 1971 pps. 903-4).

FUis interesting to note that one of the principal themes de-
veloped by Engels in his Dialectics of Narure is that the infinite
diversity ol matter and motion suggested by the progress ol sci-
ence mitigates against the existence of such singular terminal
processes as implicd by the interpretation ol the Sccond Law
adopted by Commoner and others. For Engels. “All motion
consists in the interplay of attraction and repulsion (p. 38). Such
opposites can never cancel cach other out. To suggest that attrac-
tion gain the upper hand over repulbsion. which is what the total
disappearance ol available energy would mean. is as inconceivable
to Engels as having a magnet with a north pole and no south pole
(p. 39). Commenting on the view of Rudoll Clausius, the physi-
cist who is usually credited with formulating the Second Law,
Fneels suggested that his work had, in view ol the principle of
conservation ol energy, poscd the problem rather than the solu-
tion. namely how does energy in the form of uniformly distri-
buted heat tentropy) become “weilizable again™ (pps. 157, 201-02,
210). Engels eriticizes the conception that force is to be treated
as an independent phenomenon separate from matter. Rather
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energy and matter are to be seen as inseparable from cach other
(p. 168). Engels notes how the “thermal death™ interpretation
ol the Second Law with its implied reliance on the need for an
“impulse from outside™ or an act of creation to start the “world
clock™ going leads one to a supernatural rather than a scientific
account of nature (p. 126).

LEngels is concerned throughout his discussion in Dialectics of
Nature 10 point out the varicty of forms matter and motion take.
[t has, however, been a common mistake of idealist philosophy
of science to stress the quantitative side of physical phenomena
to the exclusion of their qualitative aspects. Thus, for example,
physical motion has sometimes been reduced to nothing more
than the value of variables in an equation. A major portion ol
Lngels’ attempt to illustrate the qualitative differentiation of mo-
tion is devoted to a discussion of the measure of motion, that is,
to work. Work has both a qualitative as well as quantitative side
and is defined by Engels as a “change of form ol motion regarded
in its quantitative aspect™ (p. 72). Yet, in one of his uncluborated
notes, Engels points out the tendency to import “the thermody-
namical cutegory of work™ (that is, a purely quantitative concep-
tion of work as simply the expenditure of energy) into physiology
and even economics without due attention Lo the special qualita-
tive features of these arcas (pps. 211-12).

Human labor involves, naturally, the expenditure of energy
and, in the traditional language of thermodynamics, the dis-organ-
ization of the environment, but unlike the general situation with
sub-human forms of energy consumption, conscious human fabor
has the potential to extract information from the environment.
Barry Commoner. however, falls into the common position of
equating information with lack of entropy. Although any organ-
ized physical system may have the potential of informing when
appropriate conscious efforts are directed towards it, the system
in question is not to be equated with the elements of conscious-
ness which constitute the information concerning it. And, al-
though information stored in the brain is indeed a form of highty
organized matter which consumes energy in the process of orean-
izing itself, its degree of organization is not to be equated with
the degree of organization of whatever external order it may re-
flect. A materialist perspective requires that we distinguish
thought from the external objects it reflects. In this connection
the lollowing observation by the Soviet biologist, M. M. Kam-
shilov, concerning the tendency to contuse the informational and
energetic aspects of entropy is instructive:

Extraction of energy and substance inevitably exhausts the source of
substance and of energy. Fxtraction of information, on the contrary,
does not impoverish its source. The reading of a book (extracting
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information from it) does not turn it into an empty atbum. Since in
life’s evolution the decisive role belongs to accumulation of infor-
mation rither than to the energy aspect or the material aspect, lite,
accordingly, must not be a disorganizing tactor (Evolution of the
Biosphere, Mir, Moscow, 19706, p. 222

Just as a tully materialist perspective regarding physical nature
requires us not to impose in advance a restricted conception of
matter, so this same standpoint requires us Lo recognize the rich-
ness of living organisms and human beings. The potential import
ol the anti-entropic activities of conscious hunian beings is given
by the fact that humankind is now unlocking the enorimous
encrey potential of the atom.” Morcover. new discoveries showing
what seems to be a limitless diversity of atomic structure rises
sertous questions regarding the scope of the Scecond Law of
Thermodynamics. The discovery ol atomic power and atomic
structures is-the product ol labor considered in baorh its quali-
tative and quantitative dimensions.

Since dialectical materialism views nature as an infinitely rich
totality of interconnected entitics and processes. it holds that any
given stage of knowledge is a partial reflection of the material
world. Such partial retlections can be continuously retined as ac-
tive investigation ensucs. To the extent that actual external re-
ahity is reflected our ideas are objectively rue, but to the extent
such reflection is partial our ideas are incomplete. Even error
must be seen as having an objective relation to reality . as bey o
distorted and incomplete rellection. Science is therefore to be
viewed as equally an aerivizy as well as a body ol accepted facts.
However, just as capitalist productive relations obscure the social
nature of production, thatis, the fact that the source ol wealth
lies not in capital but in the collective Tabor of individuals. so too
iy the soctal nature of science and technology “letishized.™
Humankind's creations, technological and otherwise. stand “es-
tranged™ trom their creators and even set in opposition to them.
Relations involving both individuals and things are misperceived
as being solely relations among things. Marx commented on this
problem in the foltowing passage:

In our days everything seems pregnant with its contrary. Machinery,
eifted with the wonderful power of shortening and (ructifyving human
labor, we behold starving and overworking it . .Fven the pure Jife ot
scicnve seems unable to shine but on the dark background of ignor-
ance. Al our mvention and progress seem to result in endowing mat-
erial torces with intellectual lite and in stultitying human life into a
nmaterial torce. (A Speech in London,” in Selsam, Goldway, and
Martelo eds.. Dynamics of Social Change, International, 1970, p. 335))
The present-day tendency Lo percetve the effects ol a runawav
soctal system, capitulism, as runaway technology instead. is an
updated form ol the technology fetishisin of which Marx speaks.
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Those like Commoner who write ol energy sources and their
waste, fail to view human labor itselt as the special resource that
it is. The refinement of technology includes the refinement of
labor, yet as Marx and Engels both show, the development of
capitalism and the growth of machinery and technology generate
a surplus labor lorce for which capitalism has no use.®  Yet, it is
not the growth of machinery and technology per se that causes
such a surplus labor force to be formed, but rather the need of
capitalism to exploit labor power in order to extract profits un-
der conditions where an increasing portion of capital is invested
in machinery and other means of production and thereby does
notl generate any additional surplus valie.  As Lingels observes,
every grown person is capable ol producing more than he or she
consumes else humankind could not multiply (**Outlines ot a
Critique of Political Economy,” in Marx-tingels. Collected Works,
Vol. 3, New York. 1973, p. 438.) Morcover. the growth of scien-
titic and technical knowledge increases the efficiency of the la-
borer. Yet Commoner sees modern productive methods as antag-
onistic to full employment, holding instead thal even a socialist
economy ought to rely on primitive labor-intensive production
techniques. But how does Commoner basically view labor? Tlis
examples suggest that he views it primarily as sheer physical foree,
just the sort of simplification about which Engels wurned.

It is not that Commoner and others sharing his approuch
should abandon their criticisms of the use and waste of energy
under capitalism. Rather, it is necessary to recognize that it is
capitalism’s necd to exploit Libor power, not its need o waste
encrgy, which is the driving force. Exploiting labor power under
advanced productive conditions negates the development of the
full potential of labor. It is against this full potential that the use
of energy sources needs to be weighed. Reducing labor to a
simple unidirectional expenditure of encrgy and reducing physi-
cal processes to a stmilar lincarity are the truits ol undialectical
thinking and technologyv fetishism. A given conception or model
of any nutural process may well yield important theoretical and
practical results. What diadectical matenialism teaches us is not (e
commit the idealist error ol substituting the model for that which
it reflects. Much of the “bad’™ philosophizing concerning science
of which Iingels spoke consists in making this mistake.

Cedar Falls, lovwa 30615

NOTES
1. For the Marxian conception ot scicnee and technology, see lngels
Diulectios of Nuture tesp. Che ) and Anei-Duhrmg tesp. Chis, S-8), Muarx

Cupital (Vol, 1, Ch. 15).
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2. For the view that ecology dictates “limits to growlh™ and general aus-
terity sce esp. Donella 1. Meadows, et. al., The Limits to Growth,
Universe Books, 1972, 1974; Paul Ehrlich and Anne Ehrlich, Population,
Resources, Environment: Issues in Human I'cology, Freeman, 1970,
1972: Robert L. Heilbroner, An Inquiry into the [fuman Prospect,
Norton, 1974, 1975, Commoner’s claim that he is not advocating a
view based on ecological limits is not terribly convincing as his reliance
on labor-intensive technology would secm to preclude the use of much
modern labor-saving technotogy. 1t is on this technology that the
modern standard of living and its attendent growth rests.

3. From the Marxist perspective, the view that austerity is a consequence
mandated by scientific necessity diverts attention from the role of the
capitalist drive for profits as the real source of the pressure for auslerity.
To his credit Commoner does suggest that it is indeed this drive for
profit which is the cause of this pressure and of the waste of resources.
However, his recommendation of an absolute cessation of the produc-
Llion of synthetics hardly accords with the general socialist aim of all
round improvement of the standard of living and a lightening of the bur-
den of labor. Also, to recommend to under-developed countries that
their only path to a higher standard of living lies not through industrial-
ization and the employment of modern technology but rather through
the cultivation of labor-intensive industries such as the production of
natural fibers would seem to echo the time-worn pronouncements of
the colonialist.

4.  For Marxist discussions of the social aspect of science, see Engels and
Marx, as noted above, also the works of J. ). Bernal: The Social Func-
tion of Science 1967, and Science in History 1971 (both MIT Press);
Science and Industry in the Nineteenth Century 1970 (Indiana Inive--
sity Press).

5. On the central Marxian notions of surplus-value, labor power, constant
and variable capital, see Marx, Capital (Vol. 1, Ch. 8) and his pamphlets

Wage, Labour, and Capital 1953, Value, Price, and Profit 19355 also, Engels

“Outlines of a Critique of Political Economy,” in Marx-Engels Collecred
Works (Vol. 3, 1975, pp. 418-43)—All International, New York.

AUDIENCE INTERACTION

David Schwartzman (Howard University. [ have a problem with
the often-stated idea that living things violale the Second Law.
This debate has been going on for some time and 1 maintain that
you liave to consider the organism and its environment as a sys-
tem. In that system, the entropy will increase.

Lloyd Motz (Columbia University). You have to be certain what
kind of system you’re talking about. The Second Law applics
essentially to an isolated system. In an isolated system entropy
atl best can remain constant, 1 there are any irreversible proces-
ses, 10 must increase. Since no living organism is.an isolated system,
we cannot speak of the entropy ol the living organism by itselfl’.
We have to consider the entropy of the organism in its environment.
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Certainly the total entropy would increase but there’s no reason
why the entropy of the individual organism cannot decrease at
the expense of increasing entropy in the environment,

Morgan. On this matter of a system, one of the problems is not
taking into consideration the operation of the infinities involved
here—not only infinity in what we might call the horizontal sense
of the universal law but also infinity in what I would call the ver-
tical sense of descending to smaller and smaller particles of mat-
ter, and so forth. Whereas the law may operate and not be vio-
lated in that sense, drawing certain conclusions from the law
seems to me a different thing. To postulate the so-called thermal
death, to postulate that there is some sort of immediate threat
from a process that we can infer from the Second Law seems to
me to overlook the infinity of matter. 1t’s the sort of thing that
results, I think, when people try to impose a very simple concep-
tion of matter.

Motz. The only thing that’s important is whether the entropy
can still increase. The point is that entropy is increasing. There’s
nothing wrong with that, as long as you’re certain about it. You
can never speak about how big the entropy is. That’s not the im-
portant thing, but whether it can become bigger. And it can al-
ways beconie bigger.

Morgan. Engels, writing before all the work was done, seems to
imply that while the entropy is increasing, entropy in various .
spots must necessarily decrease, that there is a corollary to the
Second Law that, as repulsion is overcome by attraction in cer-
tain parts of the world, that attraction is overcome by repulsion
clsewhere. There are only a few places where he specifically
talks about the Second Law, but my impression is that the over-
all thrust of the work is aimed against jusl this kind of singular
reading of the Second Law.

Tony Dominski (New Haven, Conn.). | work as an ecologist.
Commoner gives the best critique in print of energy policy under
capitalism. So he’s useful with my students. His position vis a vis
labor and labor intensive, of course, is crazy. Where this comes
out very practically right now is in the case of nuclear energy ver-
sus solar energy. Commoner and labor leaders have been arguing
that to solarize the economy would put a lot of workers to work
and that when the panels were up they would reduce the utility
costs for consumers, which is something that we're for. While
thinking of solar energy and nuclear energy, and balancing the
total capital costs and labor costs and health costs, Commoner
comes out for solar power. Now, politically, we have to get
public ownership of utilities and then develop an energy policy.
But, in the meantime, what position should a progressive scientist
take on nuclear vis a vis solar and jobs? Your critique of Com-
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moner’s work is very timely.

Morgan. We could get off into a whole debate about some of
these other energy sources. I’'m not sure | agree with you or Com-
moner on solar energy as a panacea or about nuclear power per
se. But I do think that we have to be aware in this debate of a
kind of anti-technology that has crept in and influences even pro-
gressive people. In other words, if one likes what Commoner says
about waste under capitalism, should one therefore accept *
scientifically what Commoner says about nuclear power or solar
energy or petrochemicals? Perhaps even under socialism? It be-
speaks an anti-Sovict notion of socialism. But that’s another big
area...

Benjamin DeLeon (Springfield, N. J.). Dialectical materalism,
{rom your viewpoint, seems to be opposed to entropy-death of
the universe. Is dialectical materialism then against the big bang
theory of creation?

Morgan. The ultimate first big bang or just any big bang?
DeLeon. The big bang!

Morgan. There was a comment made before about how we can-
not in advance rule out any discovery. Dialectical materialism
tells us not to impose any preconception on things, so that if
someone were to discover evidence suggesting something like that,
I don't think it would refute dialectical materialism. Engels
seemed to feel that such things as sinpular ends and singular be-
ginnings were not really warranted because of the observable evi-
dence for constant opposition within things. So 1 would be
against the idea, but 1 don’t think we really know.

Danny Goldstick (University of Toronto). I think we’re in danger
of “staying in round rooms so we can’t be cornered” and water-
ing down our dialectical materialism just to make sure that what-
ever happens won’t refute it. 1f something is borne out by empi-
rical evidence —the way constant opposition within things is—we
needn’t be afraid of asserting it definitely just because it could

be empirically refuted. On the basis of the evidence to date, dia-
lectical materialism opposes any metaphysical absolutizing of
natural phenomena—whether that of the “big bang” or the “uni-
versal heat death” or any process thought of as going on through
all eternity or tending to an absolute end of everything. It seems
to me you can put your finger on what is undialectical in Com-
moner and others without having to worry about the fact that
your own statements themselves are naturally going to be fallible.
On the other hand, let me counter what 1 have just said—dialecti-
cally but not logically (I mean, this won’'t be logically inconsistent
with it)—by saying also that the cosmological sciences which

draw out zany consequences from putling i bunch of laws togeth-
er and absolutizing them for the sake ol argument are not at all
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useless merely because we ought to take with more than a grain
of salt the utterly absolutistic consequences so derived. You can
learn where you have a problem in your theorics by seeing what
you get when you put them all together. In fact, the history of
science often shows progress to have occurred in the past when
people, in a zany enough way, took certain theoretical concep-
tions seriously and pushed through the formal-logical derivation
of their consequences to the very end. What results from such an
absolutization can in fact be quite useful scientifically. The only
thing, however, is not to altogether believe it really.

John J. Dropkin (Brooklyn Polytechnic). [ think we have to make
a distinction between the consequence we draw of the laws of
nature and the fact that nature is subject to law. There is no such
thing as heat death because other factors come in—but this doces
not say that there is no such thing as the Second Law of Thermo-
dynamics, out of which heat death has been predicted. Though
it is a basic and fundamental law, it may turn out false because we
cannot say that we have absolutely exhausted every phase of the
determination of natural law. However, the Second Law is one
of the real fundamental laws which should not be thrown away
just because heat death is thrown away.

Saul Birnbaum (Bronx Community College). | don’t think we're
throwing it away. The question of entropy and negentropy is

dealt with exhaustively by Kuznetsov in the new book, Philosophy

of Optimism. Another point: in the reference to dialectical
materialism viewing nature as an infinitely rich totality, I would
add the adjective “‘ever-changing”. Not just infinitely rich but an
infinitely rich and ever-changing totality of interconnections.
Schwartzman. In his previous book, 7he Closing Circle, Common-
er raised some important ideas that are now being taken very
seriously in socialist countries, in particular the need for closed-
cycle technology and understanding the impact of advanced tech-
nology on the environment. | would go along with you on the
question of labor-intensive versus capital-intensive, particularly be-
cause, while he does mention in Poverty of Power the need to cut
the military budget, it’s not emphasized. I1t's quite clear that, if
the budget is reordered, we will have all the jobs we can handle in
this economy. | think that’s symptomatic of the avoidance by
the ecological movement of dealing with the big question.
Morgan. Like the anti-nuclear movement. Regardless of what
you think of nuclear power, the movement does not place suffi-
cient emphasis on nuclear bombs.

Joel Swartz (University of Ilinois School of Public Health). A
quick comment on the Sccond Law. [agree that biological sys-
tems don’t violate the Second Law because entropy is created in
the whole of the environment. Entropy decreases in the
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organism but there is a net increase in entropy. On the other hand,
there is something qualitatively different in that you are forming
arcas where organization is increasing. This is not in contradiction
with the Second Law. The Second Law doesn’t tell you anything
about it. Nor do any laws of physics. Presumably, there is some
law—of evolution or something else—that is operating. So you get
a phenomenon which doesn’t violate the Second Law because it’s
totally different from the Second Law.

Morgan. There are interpretations of the Second Law which pos-
sibly would say that ultimately living systems will disappear or at
least that they will not come to predominate. But I think that the
Jaw is sufficiently vague to accommodate the possibility that there
will be no end-point, that living systems will become more and
more a major {actor. This is not to say that it will happen but
that it’s not to be precluded from happening.

Swartz. [ notice that a lot of the ecology people, some of whom
are progressive, keep dwelling on the Second Law. There was an
exchange a year ago in Scientific World with J. B. Neilands who
kept talking about the Second Law. People from the socialist
countries answered by saying this was reductionist... [ don’t un-
derstand why the Second Law is important to the study of ecol-
ogy or why it’s raised to that point.

Dominski. The most useful point that Commoner raised about
the Second Law is what engineers say: that you don’t use a high
quality source of energy like electricity to heat a home where vou
could use a heat pump that puts more Btu’s into your house.
He’s saying that to design an energy-efficicnt economy you use
energy at the appropriate temperature and that, in a nutshell, is
why ecology is concerned.

Morgan. 1 can certainly agree with Commoner on using the
Second Law to make energy choices in a context of limited op-
tions, though its use in an “‘extrapolated”™ sense is incorrect.

Editor's query: What are the implications for Marxist categories in the
work of Nobel laureate lya Prigogine on thermodynamics? See *‘Time,
Structure and Fluctuations,” Science 201:777, 1978, and “Thermo-
dynamics of Evolution,” Physics Today, Nov. and Dec., 1972. O

Unleashing the Intellect —— — —

The uncertainty principle is obtained as a practical limitation on the pos-
sible precision of measurements. This limitation is not, however, inherent
in the conceptual structure of our interpretation.

— David Bohm, Phys Rev 85: 180, 1952.
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A Philosophical Preface

The birth of dialectical logic is connected with the names
of Kant and Hegel. Kant had already demonstrated that
the appearance of a contradiction within a scientific concept
was not the result of some regrettable error of reasoning,
logical carelessness or imprecision, but a very natural state
of the human mind at which the mind arrives because it
has observed most painstakingly all the postulates and
demands of strict formal logic, or definiteness of concepts.
Developing this point of view, Iegel began to examine the
logical contradiction as an internal motive force of devel-
opment, as the “motor” of man’s cultural development, in
the spirvitual and theorctical sphere above all.

Marx purged Hegel's dialectics of its 1dealistic bias and
gave it a materialistic interpretation, thercby laying  the
loundation of materialist dialectics.

*Adapted from an article in The Scientific and Technological Revolution:

Social Lffects and Prospects. Progress, Moscow 1972,
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We find that. on the whole, Marx’s theoretical thinking
ran on the same lines that we observe in the development
of natural science, with the one difference that Marx rea-
soned quite consciously, whereas in natural science the dia-
lectical movement of thought is still mainly spontaneous.
Hence the fact that natural scientists very often have an
inadequate conception of the true logic of their own reason-
ing. Not having mastcred the system of concepts of dialec-
tical logic, they consider their own actions in terms of
inadequate concepts, and this hampers, at the critical points
in the development of natural science, their quest for a way
out of the blind-alley uf contradictions.

Engels was instrumental in developing and applying the
Marxist dialectical method to the problems of natural
science.

Lenin's behest that we should establish and consolidate
an alliance between philosophy and natural science, an
alliance equally necessary for both sciences, calls for a clear
conception of how they can and must enrich each other.

Further reflection' upon this question inevitably suggests
the conclusion that the Marxist dialectical method of reason-
ing is philosophy's most valuable achievement, an achieve-
ment it can and must share with natural science. It is from
this standpoint that philosophy appears above all as Logic
with a capital L, as a theory of knowledge that corresponds
with the present level of development of the 20th century
natural and socio-historical sciences and their current needs.

Lenin regarded this as the main principle of dialectical
materialism. Agreeing with Engels, he stated this concept
most emphatically in the following words: "“Dialectical
materialism ‘does not need any philosophy standing above
the other sciences’. From previous philosophy there remains
‘the science of thought and its laws—formal logic and
dialectics’. Dialectics, as understood by Marx, and also in
conformity with Hegel, includes what is now called the
theory of knowledge, or epistemology.”!

The categorics of materialist dialectics are meaningful;
they rellect the objective world with all its contradictions
and interrelations.” They are not stagnant concepts, but
continue to develop and acquire greater meaning. That is
why the application of the system of dialectical categories,
dialectics as a method of cognition, to various spheres of
science stimulates and develops thinking in these sciences
and thus leads to the practical transformation ol chjective
reality.

'V L Lenin, Collected Works, Vol 21, p. 534,
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Logic with a capital L (which is, as I have said, Lenin’s
definition of logic, dialectics and the theory of knowledge
as a unity) takes account of the legitimate rights of formal
logic. But dialectics, like logic and the theory of knowledge,
brings out the true role of formal logic in the development
of scientific cognition. The role of formal logic in the ad-
vance of cognition is most clearly revealed in inathematics,
especially when applicd to the processing of data supplied
by the other sciences. That is why the relation between
logic and mathematics has attracted the attention of both
mathematicians and philosophers specialising in logic.

It is rather widely accepted that mathematics is in general
identical with formal logic: both mathematics and logic are
regarded as a purely formal apparatus of reasoning, as a
“language of science” (its “vocabulary” and “syntax”). This
view was given its most consistent expression in Bertrand
Russell's dictum that logic is the youth of mathematics, and
mathematics the maturity of logic. This would be an incor-
rect view of mathematics, taken as a whole, as a distinct
science in its development.
~ However, in the application of the available mathemat-
ical apparatus to the processing of data supplied by other
sciences mathematics is indeed a formal-logical apparatus.
The apparatus of mathematical logic—precisely because of
its purely formal character—has served as the theoretical
basis for the creation of modern computing techniques. In
principle, all the automated and strictly formalised opera-
tions of the human brain without exception can be trans-
ferred to a machine, therehy relieving man of a mass of
work which requires time rather than intelligence and crea-
tive ability. Thus, despite (and, to some extent, thanks to)
the circumscribed character of formal logic, its application
has had tremendous consequences, which are already cn-
gulfing the social sphere as well.

But it is already safe to say that machines will prove
powerless in every case involving contradictions which
cannot be resolved by purely formal means.

For all the importance of formal logic, it is, however, by
no means the main part of Logic with a capital L. Here is
the opinion of a group of French mathematicians: “The
mode of reasoning which consists in building a chain of
svllogisms, is only a transforming mechanism which can be
applied regardless of premises. ... In other words, it is only
the external form ... a language, you might say, which is
proper to mathematics and no more. To regulate the vocab-
ulary of this language, to make its syntax more precise. is
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to do a very useful thing.... But
anly one side and the least interesting one at that.”!

The limited role of formal logic in the development ol
the sciences springs [rom its “indifference” both to initial
premises and to the composition of the “concepts™ subjected
to demonstrative exposition (that is, to the “content” side
of the matter in general, to the “extralinguistic factors™),
and this allows it to be used for the most diverse purposes,
some unscientific and essentially retrograde. Let us recall,
for instance, that the scholastic interpretation of Aristotle’s
logic has served theologists as a formal apparatus of reason-
ing and has beca uscd by them for their unscientific purposes
(especially in the Middle Ages). Onc need give no other
examples than the scholastics” struggle against the concepts
of Giordano Bruno and Galileo.

These premiscs, and the concepts of the natural and social
sciences which reflect them, arise through the interpretation
of experiments, the experience of rcal human activity, and
the practice of transforming nature. '

The Nature of Natural Science

The natural sciences study the propertics of matter and
set themselves the immediate task of helping man to under-
stand the material world. In the past, this entailed improv-
ing the active, purposeful, and clearly reproducible contact
between man's thinking and the objects of the surrounding
world. Only such contact could lead to formation of the
basic postulates and concepts in theoretical mechanics,
physics and chemistry, and determine the advance of natural

science as a wholc. By the close of the Renaissance conscious,
purposeful contact between thinking and the surrounding
world, expressed in the shape of experiment, had developed
‘nto the definitive instrument of scientific cognition.
Experiment differs essentially from the contemplation
and observation of nature to which the thinkers of ancient
Greece mostly confined  themselves. Experiment must be
purposeful, if it is to wrest from nature the answer to a
question formulated according to strict theoretical principles.
(The result, admittedly, is sometimes quite unexpected, and
istead of an answer, nature scts the scientist another
problem.) This means that experiment can play a revolu-
tionay rule only where it is closely linked with (he devel-
opment of theoretical thinking. It was this close contact

U Nicolas Bourbaki, SLrArchitecture des mathematiques. Tes grands
courants de la Pensée mathematique”, Caliicrs du Sud, 1943, pp. 35-47.

and we insist—!thts 18
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between the development of theoretical thinking and the
development of scientific experiment that marked the birth
of the natural sciences in the modern meaning of the word.
Experimentally verified premises were systematically put
into the basis of scientific knowledge. And the subsequent
development of science assumed the form of a dramatic
dialogue between the existing system of concepts and the
data yielded by new experiments.

Theory usually develops in such a manner that a new
experiment (or more precisely, the old vne, now interpreted)
causes, or, rather, brings out and reveals the contradictory
situation inherent in the existing system of conceprs. This
necessitates creative thinking of a kind that form.t logic
no longer provides, namely, dialectical thinking.

Experiments are usually staged to clarify some particular
aspects of theory within the framework of the existing con-
cepts. Such inquiries are very useful for the verilication and
expansion of theory, and for establishing the conditions for
its application in practice. However, they do it go beyond
the framework of existing concepts; nor do they lead to rev-
olutionary advances in science. Substantial advances in
science follow discoveries that come into counflict with exist-
ing systems of concepts. The resolution of such contradic-
tions leads to the emergence of new scientific concepts, which
are sometimes epoch-making and revolutionise science as a
whole. But much more often experiments are of limited
significance, ensuring a substantial advance only with ref-
erence to some particular scientific auestion. Nevertheless.
taken together, all these discoveries, major or minor, do in
the main determine the revoluticnary advance of scientific

knowledge.

A Case History in First Person

The Marxist-Leninist theory of knowledge objectively -

reflects the process of creative scientific endeavour even
when that endeavour is spontancous. When this theory is
applied consciously by the scientist, natural science tends
to develop at a more rapid rate. This relationship between
the scientist’s work and the theory of knowledge is much
more clearly expressed in the brilliant, though rare works
of epoch-making signilicance.

At the moment, however, 1 should Like to go inta this
matter with reference to some of the very common “minor”
discoveries, confining myself, of course, to those that entail
the emergence of a new, albeit specific concept. T intend to
cite a concrete example from the history of those “minor”
discoveries, and to follow closely the train of thought that
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leads from the contradiction brought out in the experiment
to the emergence of a new concept. As a rule, scientists, in
their. treatises, never deal with this preliminary process of
reasoning. Purely because of this (and not because I attach
any special importance to the experiment), I have chosen
as an example one of our early studies, namely, the discov-
ery, between 1925 and 1928, of what is known as limiting
phenomena in chemical kinetics and the establishment of
the concept of branched chain reactions. This discovery was
made by mysell and my closest pupils, then very young
(among them are the present Academicians Y. Khariton and
V. Kondratyev and Corresponding Members of the USSR .
Academy of Sciences A. Kovalsky and A. Shalni-
kov).

We were to study the phenomenon of chemiluminescence
that occurs during the oxidation of phosphorus vapour by
oxygen. To detect optimal light emission, the experiments
were carried out under low oxygen pressures. Quite unex-
pectedly we discovered that with the reduction of the initial
pressure of the gas mixture down to a certain pressure Py
(we called this pressure the lower limit), the mixture com-
pletely failed to react and, therefore, to emit any light. In that
state it could be kept for days without any signs of a reac-
tion. When the pressure was slightly above this limit, the
reaction was verv rapid. with intensive emission ol ligh
The rapid reaction at pressure above the limit came to a
complete halt as soon as the pressure of the reactive mixture
fell to a certain residual level, slightly below the lower
limit.

We observed the same phenomena with various other
mixtures of oxygen and varions combustible gases. The
value of the lower limit proved to be dependent on a num-
ber of other parameters besides pressure, such as tempera-
ture, the radius of the vessel, dilution of the combustible
mixture with the inert gas argon, and the number of active
admixtures slowine down the reaction. Each of these para-
meters, when varied smsothly under constant pressure and
constant other parameters, has its own limiting value, sepa-
rating the region of the very rapid reaction from that of
chemical inertness.

A phenomenon outwardly similar to our discovery was
alveady known. This is the spontaneous explosion of com-
bustible gases when the temperature rises above a certain
critical point. We found it necessary to make a special study
of this phenomenon. It turned out that the mixture reacted
mildly at a slow. but entirely measurable speed, which
wereased with w rise in temperature. When the temperature
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reached a certain critical value an explosion tollowed. It
was found that at a constant temperature there is a critical
pressure and even a critical vessel size. In other words,
cverything looked very much like the discovery 1 have
described.

Our group then began to study the causes of this phenom-
cnon and so arrived at the theory of thermal explosion.
It showed that this type of explosion had nothing in com-
mon with the limiting phenomena we had observed in the
phosphorus oxidation type of reaction. An attempt to dismiss
our phenomenon as a thermal avalanche failed (although
the thermal explosion theory paved the way for the general
theory of combustion and explosion).

Consequently, in our work on phosphorus oxidation we
had discovered some absolutely new and unusual phenom-
ena in chemical kinetics which could be  called  “all-or-
nothing” phenomena, with a marked boundary between
them. These phenomena were in basic contradiction to all
the fundamental propositions of chemical kinctics of the
time, which held above all that the rates of all chemical
reactions varied smoothly with temperature and pressure,
in accordance with certain universal regularities.

Our first report, published in early 1926, was sharply
criticised by the eminent German Professor Bodenstein, then
the doyen of chemical kinetics. He wrote that our results
were impossible theoretically and contained gross method-
ological errors experimentally.

We had to go back to our experiment and climinate all
the methodological errors pointed out by Bodenstein. In
1927, we published another and longer article which con-
firmed and enlarged on the 1925 experiments. Bodenstein
thereupon withdrew all his objections, first in a private
letter, and then in a public statement. [he new facts could
be considered well established. The contradiction between
them and the existing concepts in chemical kinetics stoad
out with ample clarity.

Since we had no idea how to resolve this contradiction,
we turned to experiment once again to establish with the
utmost precision the empirical regularities of limiting phe-
nomena, mathematically expressed. We discovered that all
these regularities fitted into the rather simple formula
(03 =1, where & is the value characteristic of cach type of
reaction, and @is any given, fairly simple combination of
the parameters  mentioned above (pressure, temperature,
vessel radius, ete). At fivst, this provided no explanation
of the phenomenon in question.

In our case, the molecules of oxygen and phosphorus
below the given pressure fimit were inert in respect of each
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other. This could naturally be attributed to the high cnergy
of activation and the low temperature of the cxperiment.
But this implied that such a reaction ought not to occur cven
above the limit. Consequently, the rapid reaction above the
limit, which we had actually observed, had an entirely
different mechanism. At this point, we recalled Bodenslein's
remarkable discovery, made between 1913 and 1916 in his
study of the photochemical reaction producing HCI from
the gaseous H, and Cl,. He had demonstrated that for each
quantum of light absorbed by a Cl, molecule there was
produced up to one million HCI molecules (known as the
quantum yield), instead of a pair of molecules, as instein’s
formula had suggested and as had frequently been conflirmed
in experiments with other photochemical reactions. Boden-
stein had called this remarkable phenomenon a ‘“‘chain
reaction”. After three years of scarch and failure, Nernst
and Bodenstein produced a correct reaction mechanism,
which was a brilliant description of all the experimentally
discovered kinetic regularities. It introduced into chemical
kinetics for the first time the concept of particles with a
high reactivity—I[rce atoms and radicals—which are pro-
duced when one of the bonds of a molecule is ruptured.

Mechanism of H, + Cl, Reaction

Cly+quantum of light ———Cl + Cl}gencratiun of chain

Cl4+H, ——= HCI + H
H +Cl, ——= HCL + ClL ¢ chain propagation
CltHy ——— lICL + H

etc,
Ccl+Cl — Ci, N ,
| ai ati
Ct + active admixturc G O

H, + Ct, = 2 HCL
Fia 1

From the kinetic regularitics developed by Bodenstetn, itis
casy to determine the length of the chain v, 1e., the value
proportional ta the rate of the reaction, which 18 made up
of the number ol clementary reactions in the  hain from its
generation lo its termination. Both experimentally. and
theoretically, this value varies smoothly with the variations
of all the parameters, and that is why it was of no direct
assistance to us in explaining our limiting phenomena, which
were characterised by a sharp dilterence in reaction rates.
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Nevertheless, we were haunted by the idea or ‘rather, a
vague fecling, that the phosphorus oxidation reaction was
somehow connected with the concept of Bodenstein’s chain
reaction.

In our experiments, we were amazed by the fact that the
limiting préssure depended on such paramcters as the vessel
diameter or the pressurc of the inert gas admixture, which,
scemingly, should have nothing to do with the clementary
steps of reactions. According to our experiments, the limit-
ing pressurc Py was inversely proportional to the square of
the vessel diameter. Here onc could make the purely mental
experiment of enlarging the vesscl ad infinitum. In that case
the limiting pressure would tend towards zero. In other
words, the limiting pressure would disappear, and the rapid
reaction would occur under negligible pressures. This meant
that the development of the reaction was hindered by the
walls ot the vessel. 1t then occurred to us that the vessel
diameter might exert a similar effcct on Bodenstein’s chain
reaction as well. If Bodenstein's chains could be terminated
as a result of the capture of atoms and radicals by active
admixtures, there was the probability—greater or lesser—
that they would be captured by the vessel’s walls, through
chemosorption. This type of termination of Bodenstein’s
chains should naturally appear under reduced pressures,
when termination in the gas phase was less intensive. This
called for an experiment to study the dependence of the
rate of the photochemical reaction of hydrogen and chlorine
on vessel diameter and pressure. In 1928, these experiments
fully bore out our hypothesis. The termination of chains on
walls later turned out to be common for all chain reactions.

Towards the end of 1927 we adopted our hypothesis as a
basis, withaut waiting for the results of these experiments.
Under this assumption it was not hard to find a mathemat-
ical expression for Bodenstein’s length of chain. It was at
this point that we unexpectedly realised that the combina-
tion of paramecters @ in our empirical expression for limit-
ing phenomena was identical with the expression ¥, proy.ded
the chains were terminated on the vessel walls. A connection
between our discovery and Bodenstein’s chain reactions

became increasingly probable. Our cmpirical equation®~. =1

could thus be rewritten as vo=1. This, as I have said, did
not, of course, directly lead us to ihe soiution of the main
question. For the length of chain in the Bodenstein-type
reaction varied quite smoothly with the diameter, whereas
we had a critical diameter d; (P remaining constant) below
which the reaction did not oceur at all, while developing
very rapidly above it
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Psychologically, the benelits, however, were very great.
The contradiction had become even more precise and acute.
If carlicr we had had to discover the reason why the rcac-
tion could reveal limiting phenomena, we were now faced
with the question: why was it possible for a chain reaction,
capable of termination at the vessel wall, to show limiting
phenomena? The sum of our reasoning and experimenting
suggested a one-way path at the end of which, and nowhere
else, lay the answer.

The Myth About Intuition

At this point, we had a flash of inspiration, seemingly
intuitive, though in the light of what had gone before we
cannot call it a revelation, for it had been prepared by
everything 1 have described above. When a scientist writes
about his discovery he is usually hesitant about revealing
the personal aspects of the quest which led to the emergence
of a new basic concept. TTe usually begins with that concept.
Hence the myth about intuition, in which he himself may
later come to believe.

The really important thing in epistemology, how-
ever, is the description of the scientist’s preparatory mental
work, for that is based on a study of the whole history of
(hought, beginning with the ancient Greeks. But the Greeks
were much less inhibited about describing their process of
reasoning than our modern scientists are. Perhaps we should
change this; at least, I shall now try to do so. What interests
me particularly is the meaning of the vaguc concept of
intuition in the light of dialectics.

I wish I could recall what I was thinking just before that
flash of inspiration. I may have been thinking that the prop-
erties of the free atoms and radicals in Bodenstein’s chains
were analogous to the actions of bacteria, which, so to speak,
swallow up the original molecules, turning them into the
products of the reaction. Suddenly it occurred to me that
bacteria were able not only to eat but also to multiply. Just
a minute, 1 said to myself. What if the free atoms and
radicals were also capable of multiplying? There it was:
there was the answer!

This culminating point sct me arguing with myself. Why,
I asked myself, should they be capable of multiplying at
Al1? That would call for the appearance of more than one
radical in the given clementary act of  development of
Bodensteins chiain. There should be at least one more or,
rather. two more, because in the final count the whole thing
comes 1o dissociation of a molecule into two free radicals.
But dissociation requires sufficient encrgy. Where does that
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come from? Well, coincident with the elementary reaction
there could be a release of a large amount of energy which
some time later, a very short time later, it is true, is diffused
into heat. But before that happens it could be used, like a
quantum of light, to dissociate a molecule of the initial
substance, thereby causing a branching of the chain. But
how, precisely? That, [ decided, could wait. I was sure that
the answer to the contradiction lay in the possibility of the
chain’s branching.

[ do not recall exactly how it was; it may have actually
been by analogy with bacteria. In Newton’s case we are told
it was a falling apple. In other cases it was something else.
That is not so important. If a gun is loaded and you play
about with it long enough, something will cause it to go off.
What mattered was the long train of thought that came
before, which clearly brought out and sharpened the contra-
dictions, and not what actually triggered that flash of
inspiration.

Now that we had our answer, the task was to formulate
our hypothesis properly. Let us assume, then, that each link
of Bodenstein's chain may produce with probability o a
branching, giving a secondary Bodenstein chain. In that
case, over the whole length of the Bodenstein chain, consist-
ing of v links, there will appear ¥3 new chains. This will
apply not only to the primary but also to the secondary
chains generated in the branching. The expression W =
which detgrmines the limit, means that each Bodenstein
chain with a length v, when terminated, produces an av-
erage of one branching which starts a secondary chain, etc.
Every termination of the chain is compensat:d by one
branching, making the chain as a whole infinite, so to speak.

Let us assume that we inject into each cubic centimetre of gas onc
primary free radical to start such an infinite chain. Taking <= to

designate the time of the radical's entry into each elementary reaction,
1

we find that we have  — reactions a second. In t seconds we shail

have X=— = molccules of the initial substances reacting. Owing
to the great reactivity of atoms and radicals, © is usually small.

Let us take, for example, = — 10 sec. Assuming further that
the pressure I’y = 1100 atm., ie, 3-107 initial molecules in a cubic
centimetre, let us calculate the time it will take to bring the reaction
up to 30 pero cent of conversion: X300, = 10'7 = 10%t; hence,

tye, = 10% sec = 3 million years (sec Fig. 2).

Let us now assume the initial gas pressurc to be above
the limiting pressure. In that case, more than one branching
will arise on each section of Bodenstein's chain. More chains
will originate than are destroyed. As a result, one primary
free radical admitted into the gas will produce a chain
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X==: =10 Jec

-~ P=1/100&tm=3~10"mo|ecules/cm’

7,3
Xj0, =10 =10°t

14 !
fe ty, =10 sec=3 mln years
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etle.
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o
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avulanchq, in accor.d'ance with the Ae®™ law, where the
reproduction coefficient ¢ is proportional to the difference
8 — 1 and inversely proportional to the length of Boden-
stein’s chain ¥ and time t.
Even with a minor change i initi: i
ge in the initial pressure of the mixture
say, by 1 per cent, above thce limit and respectively with

v — 1 = 0.0i, the avalanche will develo i
1 ) / . p so rapidly, that 30
cent of the substance will react in roughly 4 minutes {)sccyFig. 3). pet

[ Aeft
c? = ~(va—1)
"~
J ¥é—-1=0.01
d
i
t3gy, =4 min

Fig. 3

Naturally enough, below the limit, when ¥;<l, and the
number of terminations is in excess of the number of branch-
ings, the admission of one radical cannot result in a reac-
tion at all and the incipient chain will quickly be
extinguished.

However, in most cases, the reaction above the limit pro-
ceeds even {aster. After all, the majority of rapid branching
chain reactions proceed quite differently from the long
Bodenstein chains with rare branchings. The branchings take
place virtually on every link of the chain; the chains turn
out to be almost continuously branched f{sez Fig. 4).

In fact, the concept of Bodenstein’s chain disappears alto-
gether. The amazing thing is that this concept, which was
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Fig. 4 lig. 5
such a great help in solving the contradiction we had
discovered, turned out in the end to be irrelevant.

In the continuously branching chain reaction the propagation ul the
chain is automatically connected with its l}rnnlclm!n;, Fach free atom or
radical is capable either of disappearing (termination ol chan) or prop-
agating the chain. as it enters the reaction. I'his heing so. it is simple
to find the conditions for the limits and the rate of the chain avalanche
development, both above and below the limit, where pressure varics by
&+ i per cent. ] ) o ) "

We find that herc again there arises at the limit something like a
single infinite chain (sce Fig. 5), so that the time Ly, continucs to be
8 million years. The reaction above the limit will develop in accordance

with the avalanche law est, but here % will be higher than for chains |

with rare branchings.

If in this case we incrcase the initial pressure by 1 per
cent above the limit P, the admission of one primary free
atom or radical into one cubic centimetre of gas will pro-
duce a reaciion which takes not 4 minutes, as we have seen
above, but roughly 3 seconds, instead of millions of years
at the limit.

We have examined an ideal case, where the spontaneous
origination of free atoms in a reactive gas does not take
place at all, or takes place very rarely, and where the
reaction is started by admitting at least one free radical
from outside. . _ :

If 1} such primary free radicals appear in cach cubic centi-
metre in a second, it is casy to produce an .xpression for
the rate of the branched chain reaction, and the quantity
of molecules X which have reacted in time t. as has been
done above. The results are shown in the following table.

n,=1free radical/sec.cm’| ny=100 free radical/sec.cm?
P-= R tygy, =1year tygy, = 2 weeks
P=1.01P 1ty =4 sec tygy =3 sec
P=0.99 P, t;,, >30,000 years t39y, = 300 years
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Consequently, our hypothesis [urnishes a good explana-
tion why some chemical reactions are based on the “all-or-
nothing™ principle.

It would be wrong to assume that once the hypothesis
was clearly formulated our work was over. On the contrary,
thut was when it really began. And it is still gning on, in
a measure. Step by step the theory has been given increas-
ing preciston and clarity, becoming a quantitative theory
that has predictive power.

So it was that we succeeded in establishing the occurrence
of two types of avalanche-like chemical processes which, in
certain conditions, fead to explosion: the thermal explosion,
which arises as a result of the build-up ot the thermal ava-
lanche, which T have dealt with here in briet, and the chain
explosion, which results from the avalanche-like repro-
duction of active chemical particles and free atoms and
radicals, whose concentration in the development of the
chain avalanche attains, theoretically and experimentally,
tremendous values comparable with the concentrations of
primary molecules. It later turned out that only these two
types of explosion occur in nature. Even in atomic physics,
blasts can be only of the chain type (atomic explosion) or
of the thermal tvpe (thermonuclezr explosion).

[ should like to add another remark in connection with
my analysis of this discovery. Experiments have shown that
the general regularities governing branched chain reactions,
notably the “all-or-nothing” limit itself, and the develop-
ment cf chaing in time depend very little on the actual mech-
anism of these reactions. The important fact is that they
branch out and that chains terminate. Quantitatively, these
regularitics also depend on certain constants which can be
determined, to their first approximation, from cxperiments
according o the optimal vaiues.

This applies not only to chemical branched chain reactions
but also to physical reactions, which include nuclear fission
chain reactions and also, in essence, the reactions of mul-
tiplication of light quanta in lasers and masers. In the form-
er, the active particles of the chain are the excited com-
pound-nuclei, which arise in the capture of ncutrons by the
atomic nuclei of active substances, and the neutrons emitted,
numbering three for every act of fission of the compound-
nucleus. The ‘termination of the chain takes place through
the emergence of neutrons beyond the limits of the active
body (similar to the termination of the chain on the wall)
or the capture of neutrons by certain admixtures. In den-
sity, dimensions, admixtures of active substances, dilution
with U-238, etc., limiting phenomena are identical with
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those which are observed in chemistry. The formation™ ot
vast quantities of neutrons in the course of the reaction, the
exponential growth of the rate of reaction in time during
an atomic blast are similar to the corresponding phenomena
in chemical branched chain reactions. The “all-or-nothing™
principle is here manifested in an especially clear-cut form,
and in essence provides the sole basis on which one can
build atomic bombs and piles without fear of explosion,
and set off an explosion through the insignificant altera-
tion of one of the parameters. The formul relations «n our
insignificant-scale chemical phenomena remain true even
for these powerful reactions. From the analysis of this disco-
very it can be scen that it is not so much the confirmation of
existing concepts that is of especial importance to scientific
cognition as the emergence of concepts contradicting the for-
mer. These contradictions are the main stimulus in the deve-
lopment of science. It is a gift of fortunc for a scientist to
come up against a contradiction, major or minor, and he
should scize upon it. Yet, it is so casy to overlook it, to brush
it off, especially when a deadline looms for the publication
of an article ov the presentation of o thesis,

Discussion in General

Let us now pass from “minor”™ to “major”™ contradictions,
which reveal much more strikingly the principal logical
components of scientific discoveries at the time of decisive
scientific revolutions. When it comes to changes in the basic
scientific concepts supporting the whole edilice of a theo-
retical system, not only the concepts themselves change
but also the logic of thinking itself, the very understanding
of what is “logical” and what is. “illogical”. Here is what
Max Born says about it: “The situation here (in quantum
mechanics—N.S.) is so confused that the only option s
this: either to rest content with the fechble adaptation of
concepts to the system of formulas or to modify the
rules of thinking, of logic itself.”!

At such moments, the theoretical physicist begins to work
as a pure logician, as a transformer of Logic. He has to work
in the sphere of such contradictory concepts as continuity
and discontinuity, interconnection and establishment, time
and space, probability and necessity; for the specific pur-
poses of natural science he must modity, develop and review
the primary logical categories. This is a subtle business and

t Max Born. “Bemerkungen zur statistischen Dewtung dev Quan-
tenmechamk™, Werner Heisenherg wnd die Physil unsever Zeit, Braunsch-
weig, 1961, S. 106.
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in the absence of sutlicient ecrudition . and  phiiosophical
training it 1s very casy to repeat {ormer mistakes. Engels
used to say that materialisin changes its form with cverv
great new discovery in science. This is where a developed
and properly  mastered  logic of historico-philosophical
thinking ceases to be luxury, a mere pleasant supplement
to a training in natural science, and becomes a matter of
primary and most acute necessity. One such revolutionary
logician was Einstein when he worked out his theory of
relativity (revising the concept of time as a logical concept).
Another leading revolutionary in logic was Niels Bohr,
who, to all intents and purposes, was the founder of the
modern quantum theory. His quantum theory of the atom
emerged as a result of a bold resolution of the contradiction
between Rutherford’s planetary model of the atom, intro-
duced virtually straight from the experiment, and classical
clectrodynamics.

Bohr’s principle of complementarity went even further
in revolutionising the logic of physical cognition, for it
tacitly introduced into the very structure of physical theory
the idea of contradiction; at the same time, Bohr's concep-
tion of the fundamental epistemological importance of the
“Imstrument-object”  relationship to some extent corre-
sponded v Marx's conception of tie active epistemological
role of the instrument in the cognition of things.

The dualism of wave and corpuscular concepts, discovered
by Planck and Linstein in respect of light, was taken by de
Broglie to be a universal contradiction of microobjects and
applied to a description of the motion of electrons (which
was shortly confirmed experimentally). De Broglie's con-
ception was one of the sources that gave rise to quantum
mechanics.

Our last example is Dirac’s anticipation of the positron.
Attempts to unitc quantum mechanics and Einstein’s relati-
vistic mechanics had run into the difliculty of having to
recognise the existence (because there were expressions con-
taining a square root) of particles carrying a plus and a
minus sign, i.e., positive and negative energy. But particles
with negative energy seemed to be an absurdity, pure non-
sense. [t was, therefore. necessary to invent a principle which
would rule out their existence in nature and which at the
same time would admit the possibility of their existence.
The contradiction was formulated with the utmost logical
incision. Using Panli’s exclnsion principle, Dirac introduced
his “holes in & vacuum” concept (a vacuum filled with a
vast number of what were virtually electrons in a state of
negative cnergy). This somewhat obscure concept, literally
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invented on the basis of a most strictly tormulated antin-
omy, was then concentrated into the rational concept of a
fully material particle, “the electron with a positive charge”,
i.e., the positron. But the initial vague and even logically
contradictory concept was in fact the nutrient medium, so
to speak, which produced not only the concept of the posi-
tron but modern relativistic quantum mechanics as a whole
in its new and even more striking but, I regret to say, not
so stringently formulated antinomies.

The example of Dirac’s discovery is a very characteristic
one and provides a summing up, as it were, of the creative
process of theoretical thinking. From this example, or, rather,
this food for thought. one can obtain the clearest possible
picture of some of the primary concepts of dialectical logic.

As for the significance of these concepts, let us see whether
it is possible to define the actual process of scientific endeav-
our (say, in the aspects dealt with above) as a process sub-
ject to the laws of Logic with a capital L. Every scientist
knows that theoretical work is anything but a smooth move-
ment forward and only forward. It may appear to be
so from afar, just as the Earth, for example, appcars to be
an ideal geometric sphere when viewed from outer space,
but certainly not to a mountaincer climbing Mount Everest.

The harder a scientist tries to recall “how it all actually
happened”, the stronger is his impression that it is in general
quite impossible to discover any “rational” principle or logic
in the development of scientific knowledge and that this
development is governed by nothing more than the whims
of unrestrained will with its “mad notions”. Thus Louis de
Broglie writes in his Paths of Science: “Human science, es-
sentially rational in its principles and in its methods, cannot
achieve its most remarkable conquests except by executing
sudden and perilous leaps of the mind, involving the plav of
faculties called imagination, intuition and perception, re-
leased from the hard constraints of rigorous reason'ng. Let
us perhaps say that the scientist carries out the rational
analysis and goes over link by link of the chain of his de-
ductions; he is bound by this chain up to a point where he
suddenly escapes from it, and the liberty of his imagina-
tion, once recaptured, enables him to look out onto new
horizons.™!

This, one might say, makes it clear that formal mathe-
matical logic, while being an effective and invaluable instru-
ment for the solution of tasks of a definite type, proves 1o
be powerless when it comes to explaining the actual process
of scientific work leading to the production of new concepts.

t Louis dc Broglie, Sur les senticrs de la science, Paris, 1900, p. 354
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If we assume that -cientific thinking is “logical” and
“rational” only insofar as it proceeds in strict accord with
the axioms, postulates and theorems of formal mathematical
logic, the scientific thinking that actuaily takes place inev-
itably seems to be irrational, so that science itself appears
to be a madhouse where only superficial order is maintained
by the logician-attendants but by no means by the inmates,
whose sole aim is to disrupt it.

If this were so, the whole theory of scientific knowledge
would prove to be a purely outward and absolutely inexpli-
cable fusion of two different and irreconcilable sciences—
formal mathematical logic and the purely psychological
description of intuition.

Dialectics of the Hypothesis

it would appear that there ought to be trends in science
that would provide an exact and specific description of
certain universal laws governing the process of scientific
reasoning. From the viewpoint of dialectics it is clear that
these so-called “mad notions” are essential, logical pro-
cesses of reasoning.

In fact, whenever the result of a new experiment (or a
more thorough analysis of a previous experiment) leads to
a basic contradiction within the system of existing concepts,
that very contradiction constitutes a determination of the
conditions engendering a hypothesis; that is to say, the
contradiction prescribes a vector of reasoning in the forma-
tion of the hypothesis.

In short, in any given case we may expect to find the
following “mechanism”. At first the contradiction within
the old theory appears to be rather generalised and vague.
Clearly, the new experimental fact, if and insofar as it is
understood, contradicts the old theory and the old concepts
in general; but it is far from clear where the apex of the
contradiction is located and exactly what old key principle
has to be modified. Gradually, as a result of further experi-
ments and of the refinement of the old concepts themselves
(no such refinement had been needed before), the contra-
diction is sharpenged and narrowed down until it becomes
apparent exactly which old concept must be modified first.
The contradiction acquires the acuteness of an antinomy
formulated with the utmost stringency. But this is also a
formulation, although only implied, of a negative dehnition,
as it were, of the new concept. It then remains to under-
stand the positive content of the new concept, to define it
not only as a clearly formulated question. but also as an
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answer, as a new concept. The new concept is usually a
qualitative and basic reformulation of the old initial concept,
though it is simultaneously the embryonic form of a new
theoretical system. Such is the origin of a hypothesis.

At this point the following new logical cycle begins.
Parallel with the verification and confirmation of the hypoth-
esis in the course ot countless experimental variations and
mathematical concretisation (let us assume that our hy-
pothesis is correct) there follows an examination and enrich-
ment, as it were, of the initial concept alone, and its
articulation into a series of interrelated, more specilic
auxiliary concepts, with the result that the hypothesis
develops into a  detailed,  experimentally  verilied
thcory ‘

From the concrete material [ have introduced into this
article it will be seen that this logical picture is a legitimate
idealisation of the speciflic process of creative reasoning.

The initial contradiction which destrovs the old theory
is thereby resolved (“removed”) within the new, more pro-
found and specific theoretical understanding which includes
the old theory as a particular limiting case. Intuition. thus
understood, emerges as nothing clse but the form in which
a perfectly rational process of reasoning takes cffect. The
contradiction, therefore, destrovs not the theory in general,
but only the old, limited theory, or, to be more precise, the
illusion that the old theory was a linal, complete and con-
crete (“absolutely true”) reflection of objective reality. The
contradiction brings out the nodal points within the system
of the old theory, in which its growth points are concentrated
and in which its ability to “grow through contradiction™
becomes apparent. Moreover, it is the strictest and most
formally perfect movement of thought that arrives at those
growth points in which the basic (dialectical) contradiction
begins to show, a contradiction which confronts intuition
with the task of constructing a hypothesis, that is, reaching
a point beyond which any purely formal movement becomes
impossible.

We have tried, by analysing the process of scientific
discovery, to show how dialectical logic works and how it
helps the scientist understand and rehine the actual process
of creative scientific thinking.

Page 44 Science and Nature 1978 (1)

Marxist in his physics
and history of science
as well as in politics

J. D. BERNAL (1901-1971)
(QUOTED WITHOUT COMMENT)

The Insufficiency
of Physical Theory

fATC e moment [cosmological] observations. expetiments. and theories
are i such a state ol flux that ail that seems established is that the uni-
verse has o history. In tracing it out as much is likely 1o be learned about
the nature of mutter and radiation as about the distant heavens. Indeed.
the new discoveries, especially those of the tundamental particles and their
transtormation. have put a very considerable strain on existing physical
theories, especially those of the laws of interaction ot elementary particles
and of the constitution of the nuclei. Such theories as exist and 1t must he
admitted that rfor many phenomena there are no theories —are built on ad
hoc analogies with the guantum theory applied to the much stronger torces
and smaller distances in nuclear physics. Involving'cloudy erystal ball’
models, “magic numbers’, und “strangeness” guantum numbers. they even
have o somewhat magical cabalistic - flavour.

[t may well be. however, that a fur more radical revision ot the relativ
and quantum theories needs to be made, not by tinkering with the present
theories while accepting the assumptions that underlie them. but rather by
making a tundamental attack on their logical and philosophical bases. It
was in this way that the older theories were overthrown. fiist by the accu-
mulation ol material experimental evidence which they could not expluin.
and secondly by questioning the bases of the arguments which had led to
the classical theory. Any new theory must of course account for all or muost
of the existing facts, but it will be accepted only it besides explaining them ‘
it serves to link together more successtully even wider ticids of experience.

We are just entering a new phase ol criticism of physical theory where
the evident malaise of mathematical physicists at the inadequacy and ine!
gance of the quantum and relativistic theovies is wiving rise to eftorts at rady-
cal reconstitution. Though the new theories are various they have conimon
aims. One is to generalize a field theory that will unite the hitherto dis-
parate relativity and quantum theories. Anvther is to remove the basic in-
determinacy of the new quantum theory of 1925 especially associated with
Bohr and Heisenberg. The victory will go to whoever can explain satistact-
orilv the new and fuller range of physical phenomena. the intranuclear tor-
ces. and the behaviour of the range of ephemeral and protean particles. ltis
too carly to suy what will ultimately emerge. but it is bound to be very dit-
terent from the accepted orthodoxy of the last torty yeas,

~Science in History, Cambridge, Mass. 1971, Volume 3. pp. 772730
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Dialectics make news A

Detente in Psychobiology Cﬁ 3 a , =

at U.S.-Soviet Meeting wE AN \.,,i}._\
on lrvine Campus \S g . |
o~ ; ¥
His name . % & 4
loomed L -2 Y s
largest . :
i \
i

“Seience is supposed to he free of ideology.™ writes Constiance
Holden in Sciernce 12 May 1978, “but a subject with such tar-
reaching implications as the study of brain and hehavior is hard
to keep totally clear of political perspectives.™ She quotes one
participant at a recent Soviet-American conterence on experi-
mental psychology as saving: “Understanding the neural and be-
havioral sciences touches on our philosophies ol life and scrence in
seneral,” Noting a strong deterministic and cnvironmentalist
cast in the Soviet approach. retlecting a political philosophy that
human beings are shaped by society, Holden concludes that

“this does not mean the Russians are not doing good science.”
though Americans tend to find an “imbalance in their interests.”

The name looming largest at the meeting tat University ol
Calitornia at Irvine) turned out to be that of lvan Petrovich
Pavlov (1849-1930): American participants were surprised to
learn how much the Russian physiologist and Nobel laurcate still
dominates Soviet psyehology. said the report.

The standard-bearer for Pavloy was E. AL Asratyan. observed
Holden. e is the 74-vear-old Armenian-born director ol the In-
stitute of Higher Nervous Activity and Neurophysiology. who os-
caped the Turkish massacre of 1915 by disguising limsel ! as a
girl and fled to Russia where he was educated and spent [0 vears
in Pavlov’s luboratory. His role at the meeting was churacterized
by Holden as follows:

A staunch Communist of enormous energy and cordrality. he lost no
opportunity to propangadize his fellow conterees. Whenever he man-
aged to score @ point for the Soviet Union he cried “Dialectic!” and
laughed hugely. Similarly, he would jump up after a paper had been
presented and declaim (to the amusement of the audience). “Thank
you for showing Pavlov right.”

A new generation of Post-Pavlovian thought has come 1o the
fore, Michael Patterson of the University of Ohio told Holden.
The difference is that a Pavlovian sees conditioned reflexes as the
basis For all behavior while the Tollowers of . K. Anokhin. who
died a Tew vears ago. see reflexes as one Jevel ol organization in
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hicrarchy of “funchional systems ™ They view every response n
the bramn as resulting from an interaction between selected as-
pects of the environment and an internal representation ol J
“goul.” (Title ol the conterence, “*Neurophysiological Mechan-
isms of Goal-Directed Behavior and Learning.™ reflected this So-
viel slant.)

The Soviets regard their approach to brain functions as more
“holistic” than that of the Americans, says Holden:

They | the Soviet conterees] talk much ot systems and little of synap-
ses... They put great emphasis on the interaction between organism
and environment in the formation of these systems. They have u
fondness for grand theories into which to fit their findings. Amertcans.
on the other hand. are more molecularly oriented, more empirical.

and wary of global hypotheses...

L. Roy John, one of America’s few global hypothesizers. stirred a
great deal ol interest among the Russians. He says the activities ot
single neurons have no meaning except as they contribute to larger
neuronal “ensembles.” which in learning become parts of larger “rep-
resentational systems,” ... John said he was “delighted at the Soviet
response to my work’ and had not been aware until now that he and
the Russians were doing work that confirmed cach other’s.

During the eight days of intensive intellectual and personal
contact, the initial skepticism of some American participants is
reported to have vanished. For example. John Lacey of Fels Re-
search Institute commented icily on arrival: “They haven’t got a
thing to teach us so far as 'm concerned. Thev're not doing a
thing we're not doing and they’re doing some things far worse.”
At the end. though his basic assessment had.not changed. his at-
titwde had been transformed by finding the quality of most pa-
pers “astoundingly good.”™ Morcover, Lacey said: “*['ve changed
my negative view of mectings — that all they dois take research
money." and now he is all in favor of more detente-type activities.

Richard Thompson. chairman of Irvine’s psychobiology depart-
ment, was reportedly ecstatic over the outcome of the conterence
he hosted and looking into possibilities of exchanging scientists
between the Irvine and Soviet laboratories. O

Before Sociobiology - o
The fascist philosophers ... recognise al bottom no categories other than
those of hiology. National imperialist ambition is to be founded on theories
of racial superiority .. purely biological. The totalitarian principle depends
on the analogy hetween society and a metazoan organism or belween sociely
and a hive of colonial hymenopters,

— Joseph Needham, in Foreword of Biology and Marxism

by Marcel Prenant, New York 1938, p. ix.
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A communication

THE CUSP. CATASTROPHE AND DIALECTICS*
Martin Zwick

A mathematical interpretation of the classical principles of
dialectics can be found in the newly developed Catastrophe The-
ory of René Thom (1975) and E.C. Zeeman (1976, 1977).
Thom’s theory describes seven ways (“‘elementary catastrophes™)
in which continuously-varying causes can produce discontinuous
effects. This note considers only the “cusp™ catastrophe, in
which one effect (*behavior™) variable depends upon two causal
(“*control”) parameters.

The cusp can be illustrated with the model shown in Figure
la. Two rubber bands are attached to the periphery of a disk
which rotates about its center. The other end of one rubber

band is fixed while the second has a free end (the “control point™),

The disk rotation angle (x) is the behavior variable, and the con-
trol parameters, known as “conflicting factors.” are the coordin-
ates (a, b) of the control point. If this point is moved across the
cusp-shaped “bifurcation set™ from point 1 to point 7, thereby
decreasing the parameter a, and increasing b, the disk angle will
change gradually until point 6, where it will undergo a discontin-
uous rotational jump (“‘catastrophe™).

Figure 1b explains what is happening. The system is assumed
always to be at equilibrium in a local minimum (initially, o) of
some energy function, E. As the control point moves, the func-
tion changes. At point 2,i. e, upon entry into the bifurcation
set, an inflection point appears, which, at 3, deepens into a sce-
ond minimum, 8. This minimum corresponds 1o a different equi-
librium value for the angular variable x. At point 4, the depth
of the two minima of I are equal, but at 5, the second is deeper
and thus preferred. But if the control point moves gradually, the
system does not switch to the new state until its own local mini-
mum disappears (6). This is called “delay.” If one reverses the
direction of motion, the disk remains in minimum g until point
2, where it undergoes a discontinuous flip to &. Thus, on either
side of the bifurcation set (1 or 7) there is one minimumn. Inside
the bifurcation set, the system is “‘bimodal,” i.e., it can occupy
either minimum, depending upon the previous motion of the
control point.

* The present note, a substantially abridged version of (Zwick, 1978), is
intended only as a brief introductory sketch, The reader should be cau-
tioned that a quite lively controversy now exists over the validity of many
applications of catastrophe theory.
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Figure ¢ represents another pcrspectiv‘c. As _the co'ntr‘?l
point moves across the bifurcation set, a “behavior point’ move:

- on a lolded “‘behavior surface™ directly above it. If the control

point passes both boundarics of the biI'L!rcutipn set, as shown,
discontinuous jumps of the behavior point will occur. '

An example of the cusp is the phenomenon of phase transi-
tions (Poston & Stewart, 1978), where pressure and terpperature
are the conflicting factors, density is the behavioral _varlab]e, and
the two modes are the gas and liquid phases. (!n this phenomp-
non, the delay does not usually extend to the far boundary of
the bifurcation set.) . i

Quantity and Quality. The relationship of the cusp cal.astro_-‘
phe to dialectics should be fairly transparent. Th'c ll,I;S.[ dialectic-
al law, “the transformation of quantity into qt{ahty.‘ is cl_ose to,
though not synonymous with, the transformation of continuous
causes into discontinuous cffects.

CATASTROPHE

BEHAVIOR
SURFACE

3
|
|

CATASTROPHE s
-fe—— .-

CONTROL
SURFACE

CONTROL

POINT
TTUATITA S

BIFURCATION
BET

1 2 3 4 5 6 7
; *+ = g (1b) CATASTROPHE s

Figure 1. A model illustrating the cusp catastrophe {Zeeman 1976).
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The behavioral modes of the cusp are usually qualitatively dif-
ferent. as in the phase transition example. Indeed. this example
is given by Hegel. and cited by Engels. as an archetypal illustration
of dialectics. Within the dialectical framework, change of a quan-
titative nature, involving “mere™ increase or decreuase, which doces
not alter the basic character of the system cannot go on indelin-
itely. but at a certain point (Hegel’s “nodal line™), always leads
to a qualitative transtormation (or “leap™). Water. when heated,
does not o on getting hotter and hotter indefinitely. but at a
certain critical temperature, undergoes a qualitative change from
liquid to gas. The dialectical exposition is essentially identical
to the catastrophe-thdoretic conception. Hegel’s “nodal line” is
the bifurcation set. and his “leap’™ is the catastrophe.

Interpenetration of Opposites. The interpenetration - or
unity and struggle — ot opposites appears in the cusp in several
ways: (1) In the bimodality of the behavior sufuce, and in the
overlapping of its two behavioral modes. (2) In the conflicting
control factors. It one factor is exclusively present or dominant
it will lead the system into one of the alternate modes. However,
the regions of dominance overlap, and if both lactors are approxi-
mately in balunce. we have a struggle of opposites. (3) Inside the
bifurcation set. the potential function has two minima. which
arise from the interpenctration of the domains of influence of
the contlicting tactors. One minimum corresponds to the actual
state of the system. the other to a potential alternative state.
Dialectical “development” occurs via the changing relative
strength of the two minima, which is the internal content of the
transformation of quantity into quality.

Negation of Negarion. The third dialectical law can be given
two different interpretations: (1) By concutenating two or more
cusps, one can represent the on-goingness of the process beyond
the first transformation. (2) Within a single cusp, we have the
following sequence: Initially, there is a single encrgy minimum,
and corresponding behavioral mode, and the uncontested dom-
inance of one of the conflicting factors. Upon entry into the
bifurcation set, this condition is negated. and replaced with
contradiction (bimodality) and strife. Finally, the struggle of
opposites culminates in a qualitative jump: unimodality is re-
stored, but in a new state.

Conclusion. The cusp catastrophe can be used to model the
three dialectical laws. Without doubt, some conceptions of dia-
lectics require the more complex catastrophe known as the “but-
terfly,” which has three equilibrium minima, and allows the emer-
gence of an independent qualitative synthesis (not merely the
victory ot one of the opposites). The analysis may be expanded
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in many directions. The bewildering array ot examples which
have heen cited as instances of dialectical laws, and the many
alteraative theoretical interpretations of dialectics. could be
examined and possibly clarified in terms of Thom’s theory.
Portland (Oregon) State University
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Editor's nore: The tamiliar physical example ol qualitative transformation
_water to steam or ice, and vice versa—was originated hy Hegel (see

Engels, Dialectics of Nature, New York 1940, p. 30). Some phase transi-
tions of this type are modeled to good accuracy hy the Van der Waals
equation, represented geometrically by the rolded hehuvior surlace ot

figure (1¢), Perhaps graphic representation ol quantitative data for other
types of qualitative leaps would he a useful means ol exploring dialectics

in nature. (The controversy over catastrophe theory, mentioned in zuthor’s
footnote. may be sumpicd in Serence News FHED 215, 1977, Seience 196
287, 1977, Natwre 269:759, 1977; 2700 381, 1977, 271:401 & 486, 197500

Ideology in Mathematics ——— —_

Fuclid’s famous ELEMENTS, which laid the foundations of geometry, rest
on premises (axioms or postulutes) which are clearly non-formal. Euclid’s
axioms are based on reality, that is to say, on the practice of surveying, ar-
chitecture, road-building, shipbuilding, military science, and other similar
branches of material culture in antiquity. In other cases it is not 50 easy to
trace Lhe roots of theoretical premises and coneepts in mathematics, and it
is therefore no accident that the neo-positivists appeal to modern mathe-
matics in their effort to prove that our knowledge has in general nothing in
common with objective reality and is purely a mental contrivance. It would
be highly important for Marxist philosophers, working in close contact with
mathematicians to elaborate this important epistemological and ideological
problem.

— Nikolai N. Semyenov, p. 34, in The Scientific and Technological

Revolution, Progress, Moscow, 1972.
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A book review by IRVING ADLER

STEPHEN JAY GOULD

Ever Since Darwin: Reflections in Natural History
W. W. Norton & Co., Nevr fork 1977

This book is a product ot much Tearmng, very good thinking.
broad culture. sparkhing wit. and fine writing. The value ol dia-
fectical muterialist insizht s apparent as Protessor Gould explores
the history of evolution. some ol its puzzling problems. and the
nature of scientilic thought. The 33 chapters are packed with
information on biolovical evolution. geological history. human
social developmient, and their interconnections. Along the way.
it is studded with apt quotations from Shakespeare. Goethe.
Milton. Dickens. Dryden. Pope. Treud, Tardy. W.S. Gilbert.
Simone de Beauvoir. Aldoux Haxley. Bruno Bettelheim and
John Ciardi.

The theory of evolution is the study ol the emergence of new
and distinet species in the self=development of the system of Tiv-
ing things interacting with their cnvironment. Dealing as it does
with a process of development in which cach separate purt ¢wheth-
er it be orgun or organism or species) is enmeshed in complex
relationships. both internal and external. it can be studied suc-
cesstully only by a mind that habitually uses dialectical modes
of thought. Thisis demonstrated implicitly in Prolessor Gould's
masterly discussion ot some ol the tascinating puzzles ol evo-
lutionary theory. such as: What accounts for the Cambrian ex-
plosion (the sudden appearance 600 million years ago ol u great
diversity of biological torms after 2.5 billion vears ol only bac-
teria und blue-green algac)? What explains the rapid extinction
of halt the lamilies ot marine organisms 225 million years ago
(during the Permian period) and the loss of one quarter of them
70 million yvears ago (during the Cretaceous period)?

The use ol the ccological “cropping principle™ in the discussion
ol the Cambrian explosion shows that predator-prey relationships
affect other species besides the predator and prey. The expla-
nation of the Permian extinction with the aid of the modern geo-
logical theory of plate tectonics shows the inseparability of bio-
logical development and geological change. The complex inter-
play of sexual reproduction. nutrition and predator-prey relation-
ships are discussed in terms ol the 12-foot antlers of the Irish EIK.
parthouentically-produced gall midges that eat their mother.
cicadas emerging from the ground tor sexual reproduction every
17 years, and certain bamboo plants flowering simultancously
every |20 years.

In some chapters, Protessor Gould finds it necessary to re-
fute common misconceptions about the nature of scientific
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thought. He makes a valuable contribution by lormulating
some explicit statements about what science is and how itis de-
veloped: “*Creative thought in science is... not a mechanical col-
lection of Lacts and induction of theories. but a complex process
involving intuition. bias and insight from other fields. Science.
at its best, interposes human judgment and ingenuity upon all
its proceedings.” (p. 125). “'Science is no inexorable march to
truth mediated by the collection of objective information and
the destruction of ancient superstition. Scientists, as ordinary
human beings. unconsciously retlect in their theories the sociul
and political constraints of their times. As privileged members
of society. more often than not they end up defending existing
social arrangements as biologically foreordained.” (p. 15). “The
success of a scientific hypothesis often involves an element of
surprise. Solutions often arise from a subtle reformulation of
the question. not from the diligent collection ol new information
in an old framework™ (p. 12).

In a particularty valuable section, Professor Gould discusses
some old and new theories of biological determinism: theories
of the alleged inferiority of the darker races of mankind; bio-
logical theories of criminality; and the theory that war is a prod-
uct ol man’s biologically determined aggressive tendencies. In
short. switt strokes Protessor Gould skilltully refutes these the-
ories and exposes their roots in class bias and imperialist apolo-
getics.

The discussion in both the first and last sections of the book
revolves around the central question of the relationship between
biological evolution and human development. Professor Gould
argues correctly against the twin fallacies that a) because man is
unique. he is not part ol the animal world, or b) because man is
part of the animal world. he is not unique. and is only an animal.
His discussion of these fallacies would have been strengthened
had he explored more fully the significance of’ Benjamin Frank-
lin's great insight, foreshadowed in the myth of Prometheus as
told by Plato in his Protagoras. and further developed by Marx
and Engels, that man is a tool-making animal.

Developing more fully a statement by Marx (Capital vol. 1,
New York. International, p. 372, footnote 3, lines 5-9), Anton
Pannecoek in his pamphlet Marxism and Darwinism pointed out
that tools are detachable, replaceable. moditiable inanimate ex-
tensions of man's bodily organs, and they are designed and used
through patterns of learned social behavior. Darwin demonstra-
ted that natural selection leads to the moditication of a species’
means of interacting with its environment,'viz., its organs and
inherited patterns of behavior. When this principle is applied to
man. it becomes transformed into a new principle: the modific-
ation of man’s inanimate extensions of his organs and of his -
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learned patterns of behavior. This evolution for man is princi-
pally technological progress and the accompanying evolution of
social institutions. Historical Materialism, Marx’s theory of soci-
al evolution, is thus seen as the result ol the application to man’s
specific nature of the general principle of Darwinism. Man’s
unique form of evolution, social evolution, is different from bio-
logical evolution, but is at the same time the result of the oper-
ation of the same general principle that underlies the biological
evolution of all other oreganisms. In the short space of a review,
this point cannot be developed in the detail that it requires and
deserves. This reviewer hopes that his bricel reference to it may
inspire 1) a reprinting of Pannckoek’s valuable but long unavail-
able pemphlet, and 2) a discussion ol its principle idea by so
eminently qualified a scientist as Stephen Jay Gould.

Lrer Since Darwin is meant for the general reader. its essays
having appeared previously in the monthly Natural History,
published by the American Museum ol Natural History. The
book is also excellent tor supplementary reading at high school
or college level.

North Bennington, Vermont

Hierarchy in Science and Nature —_ S

The reductionist hypothesis may still be a topic for controversy amuang
philosophers, but among the great majornty of active scientists | think it is
accepted without question. The workings of our minds and bodies, and of
all the animate or inanimate matter of which we have any detailed know-
ledge. are assumed to be controlled by the sume set of fundamental laws,
which except under certain extreme conditions we feel we know pretty
well. It seems inevitable to go on uneritically to [a seemingly | obvious cor-

ollary of reductionism: that if everything obeys the sume fundamental laws,

then the only scientists who are studying anything really fundamental are
those who are working on those laws. In practice, that amounts 1o some
astrophysicists, some elementary particle physicists, some logicians and
other mathematicians, and few others ...

The main fallacy in this kind of thinking is that the reductionist hypo-
thesis does not by any means imply a “constructionist™ one: The ability
to reduce evervthing to simple fundamental laws does not imply the ability
to start from those laws and reconstruet the universe. In fact, the more the
elementary particle physicists tell us about the nature ol the fundamental
laws, the less relevance they seem to have to the very real problems of the
rest of science, much less to those of society. The constructionist hypothe-
sis breaks down when confronted with the twin difficulties of seale and
complexity. The behavior of large and complex aggregates of elementary
particles, it turns out, is not to he understood in terms of a simple extrapo-

lation of the properties of a few particles. Instead, at each level of complex-

ity entirely new properties appear, and the understanding of the new beha-
viors requires research which I think is as fundamental in its nature as any
other. )

—P.W. Anderson, ““More is Different: Broken Symmetry and the Hierarchical
Structure of Science.” Science 177: 393, 1972
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Poor Symmetry, Violated Again!
OR., MARXISM AGAINST THE MAGNETIC MONOPOLE

Today the dictionary says:

magnetic monopole Hypothetical magnetic particles (analogous to
the electrical particles, the electron and proton) with a magnetic
charge of either north or south. They have been postulated on con-
servation and symmetry principles... Neither quantum theory nor
classical electrodynamic theory bars the existence of the magnetic
monopole. Maxwell's equation [sic!| would prove completely sym-
metrical if such particles did exist... Despite alt [the] reasons for
their existence, and intensive searches for them, so far no individual
monopoles have been detected. [Gray and Isaacs, -1 New Dictionary
of Physics, Longman, London 1975.]

A cenrury ago, Frederick Engels said.
Dialectics has proved trom the results of our experience of nature so
far that all polar opposites in general are determined by the mutual
action of the two opposite poles on one another, that the separation
and opposition of these poles exists only within their unity and inter-
connection, and, conversely. that their inter-connection exists only
in their separation and their unity only their opposition. This once
established. there can be no question of a final cancelling out ot re-
pulsion and attraction, or of a final partition between the one form
of motion in one half of matter and the other form in the other half,
consequently there can be no question of mutual penetration or of
absolute separation of the two poles. It would be equivalent to de-
manding in the first case that the north and south poles of a magnet
should mutually cancel themselves out or, in the second case, that
dividing a magnet in the middle between the two poles should pro-
duce on one side a north half without a south pole. and on the other
side a south half without a north pole. Although, however, the im-
permissibility of such assumptions follows at once from the dialecti-
cal nature of polar opposites, nevertheless, thanks to the prevailing
metaphysical mode of thought of natural scientists. ine second as-
sumption at least plays a certain part in physical theory. This will be
dealt with in its place... Two poles whose activities did not complete-
ly compensate each other would indeed not be poles, and also have
so far not been discovered in nature. [Dialectics of Nature, Inter-
national, New York 1940, pp. 38-39, 44.]

Was Engels right in this dialectical proof? Would completion of his
study have made a contribution to physics? ‘Do recent headlines
(e. g., Science News 109: 122, 1976 and Physics Todav p 15, April
1976) about fruitless new searches for monopoles reflect needless
waste of research effort and money? 0 :
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BIBLIOGRAPHIC NOTES
FOR NATURAL SCIENTISTS

GENERAL REFERENCES

Anunotation is by the editor except as noted.
* Aslerisk designates an item from a socialist country uvuilal)lc_
through Imported Publications Inc., 320 West Ohio Street, Chicago
Il 60610.

SERIALS AVAILABLE ON SUBSCRIPTION
Science and Seciety. A quarterly, $8.00 per year (59 outside USA).

Toom 4331 John Jay College, CUNY . 445 W 591" St, New York
NY 10019.

A significant forum for debate between dialectical materialists and
new leftists. The occasional articles dealing with philosophy in the
natural sciences may be on either side of the tence.

Social Sciences. A quarterly published by USSR Academy of Sciences.
Moscow. $7.50 per year*.

Despite the name, essays on philosophy ot the natural sciences
appear regularly in this scholarly journal that covers a wide spectrum
of disciplines. )

SOME BOOKS CURRENTLY IN PRINT
Bernal, J.D. 1972 Science in History. 4 volumes, paper, MIT Press, Cam-
bridge Mass. $15.00

A historical materialist treatment of science as it developed
through the ages in changing social contexts, with the late great phy-
sicist saying his thing on the dialectics of the scientific process.

-~ 1967 The Origin of Life. Cloth, World. Cleveland S12.50.

Surveys the experimantal results and theoretical problems up to
1967. Includes the revolutionary papers of Oparin (1924) and Hal-
dane (1929) that opened up this exciting ficld. — /rving Adler. [ Also
see remarks by Adler in the Workshop Discussion on Marx, this issue.
Editor].

Blauberg. I.V.. et al. 1977 Svstems Theory: Philosophical and Methodo-
logical Problems. Cloth. Moscow S4.10%.

An excellent book that gives due attention to the contributions
of Bertalanffy and discusses the paradoxes of systems thinking in
dialectical terms. — Sauwl Birnbaum.

Bohm, David 1957 Causalitv and Chance in Modern Physics. Paper,
Harper Torchbooks. New York.

A profound Marxist critique of prevailing mystical interpretations
of quantum mechanics, with a rewarding discussion of the dialectics
of qualitative change in physical processes. A proposed explanation
of quantum phenomena, however, demonstrates anew that percep-
tive philosophical analysis is no substitute for the physical insight
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soil sought in this pivotal probiem ot modern physics

Comtonthe Mauarice 1972 Dialectical Matcerialisi. 5 volumes in pape:
titled Fhe Theorv ot Knowledge, Marerialisim and the Dialecrical
Method, Historical Marertalisiy. Tnicinational, New York €5.00.

A good general introduction to the concap s o Marsist pilioso-
phy that deals some with problems of natural ~scionoe.!

Engels. Frederick 1878 Anti-Duhring (Herr Fugen Dubring s Revolution
in Science). International. New York 1966; cloth >0.93. puper
S2.85. Moscow, cloth S2.50*.

The polemic that became the tirst more or tess connected ex;pe-
sitton ol Marxist materialist dialecties. Emphasizes interaction ol
science and philosophy

— = 1873-86 Dialectics o] Nature. International, New York. 1940
cloth 87.50. paper S2.85.

The brillient tirst ettort at systematic discussion ot this subject.
with ¢dior 1 B.S. Haldane pointing out some crrors in the posthum-
ous working nores

Fedosovev, Pl etal. 1977 Philosopii: in the USSR: Problems of Dia-
lectical Materialism. Cloth. Moscow S5.25%,

The problems are non-trivial. emphasizing unresolved questions of
Soviet Marxists. The ten sophisticated essays are each relevant to sci-
entific workers.

Gould. Stephen Jay 1977 Ever Since Darwin. Cloth, Norton, New York
S9.95.

See review by lrving Adler in this issue.

Hodes, Robert 1932 :dims and Methods of Scientific Researclt. Occasion-
al Puper No. 9, AIMS. 20 E 30th St. New York NY 10016, 51.00.

A brief essay by an outstanding neurophysiologist discussing mat-
ters such as the dialectical unity ot clinical observation and expertmen-
tal intervention. With memoirs of the author by Dirk J. Struik. Theo-
dor Rosebury, Irving H. Wagman and Jane Hodes

Hotfman. John 19735 Marxisim and the Theorv of Praxis: 4 Critique of
Some New Versions of Old Fallacies. Paper. International New York
S3.25.

A timely and successtul polemic against “new’ leftists who re-
treat to the “young Marx™ minus Marxism and so forth. Quite use-
ful in today’s philosophical environment.

Kuahane. Emest 1961 The Thought of Claude Bernard. (Tr.with an intro-
duction by Harry Chovnick MD and Paule M Prebus.) Occasional
Paper No. 3 (1966), AIMS 20 E 30th St New York NY 10016, 51.50).

Fascinating 1insights on the ant-positivist and unconsciously dialec-
tical views ot a great 19th century physiologist. Points up the loss
to science (rom his ignorance of Marxist philosophy.

Konstantinov, F.V.etal. 1974 The Fundamentals of Marxist-1.eninist
Philosophy. Cloth, Moscow 54.50*.

Deals with the basic propositions and problems of dialectical ma-
terialism, emphasizing interaction ot philosophy with scientific pro-
cess. A comprehensive textbook and good reference source.

Bibliographic Notes Page 57



From Lenin’s Philosophical Notebooks, Moscow, 1961, pp. 196-7.

The totalityof all sidesofthe
p.henrmmnon. of rcality and their (re-
cmroca‘l) relations—that is what | Iegelbrilliantly
truth is composed of. The relations \divined the

(= transitions = contradictions) - of dialectics of

notions = fhe main content of logic, [things (phenom-
by which these concepts (and their ena, the world
relations, transitions, contradictions) nature) in’
are shown as reflections of the objec- the dialectics
tive world. The dialecticsol t hi ng s of concepls 3

produces the dialectics of ideas, and
not vice versa.

3 This aphorism should be expressed
more popularly, without the word dia-

lectics: approximately as follows: In Indeed
the allernation, reciprocal dependence divined,
nol more

of a { I notions, in the identity of their
opposites, in the transitions of one no-
tion into another, in the eternal change,
movement of notions, Hegel brilliantly
divined PRECISELY THIS RELATION
OF THINGS, OF NATURE.

Lenin, V].adimir Ilyich 1909 Materialism and Empirio-Criticism. Inter-
g;u;sn*al, New York 1970; cloth $7.50, paper $2.95. Moscow cloth

Lenin to.ok.off the year 1908, even neglecting the newspaper, to
study physics in order to combat Machian idealism in Bolshevik
ranks. He produced a model of materialist polemics that served its
purpose.

——— 1895-1916 Philosophical Notebooks. Volume 30 of Collected
Works. Cloth, Moscow (1972) $2.25*.

Traces the dgvelopment of Lenin as dialectician, especially his
st_udy of Hegel in 1915-1916 while writing Imperialism and other
history-making works. Useful insights are to be found in his notes
and commentaries.

Marx, Karl 1887 Capital. Volume One. P i
/ : . Paper 1967 Internation:
e p nternational New
‘ D.emon_strates the tremendous methodological power of material-
ist dialectics used cqnsciously in the process of scientific discovery
. rather than unconsciously and inconsistently. Peppered with refer-
ences to natural science.

Polikarov, A. 1973 Science and Philosophy. Cloth, Sofia $4.75%.

. Brief essays discuss the heuristic approach to problem solving and
raise provocative questions concerning the relation of philosophy to
sonie current problems of physics and cosmology.
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Selsam, [loward and Harry Martel, eds. Reader in Marxist Philosophy.
-International, New York cloth $7.50, paper $3.50.
Marvelous sampling of cogent excerpts from Marx, Engels and
Lenin on materialism versus idealism, the dialectical method, theory
of knowledge and scientific method, etc.

ROBERT S. COHEN
MARX ON HIS SCIENTIFIC METHOD

The tollowing references seem to be the only explicit statements
by Karl Marx on his own methodology.
Marx, Karl 1844 The Holy Family: Section 2.
’ Marx was still lairly young.
1857 The Grundrisse: Section 3 of General Introduction,
A fairly long passage on the method of political economy.
——_ 1858 A Contribution to the Critique of Political Economy: The
Preface.
Partly duplicates the statement in The Grundrissc.
- 1873 Capital, Volume 1, Second edition: The Afterword or preface.
Devoled in part to methodology.
——— 1879-80 Werke, Bd 19: Notes on Adolph Wagner
. This unpublished critique of an obscurantist textbook on political
economy includes what is probably the last writing by Marx on method.

Boston University

HUBERT KENNEDY
MARX'S MATHEMATICAL MANUSCRIPTS

At the burial of Karl Marx, 17 March 1883, Friedrich Engels
noted that Marx had worked in many fields and *in each, even
in that of mathematics, he made independent discoveries.” En-
gels later intended to publish some of Marx’s mathematical writ-
ings, but was unable to do so, and the first publication came

only in 1933, fifty years after Marx’s death. Marx had abandonec
an early attempt to apply mathematics to his economic theory,
but in the last decade of his life he became interested in the foun
dation of differential calculus, which, in the books at his disposal
was inadequately explained. In an attempt to arrive at a more
satisfactory explanation, Marx applied his dialectical method and
arrived at results that justified Engel’s graveside remarks.

Marx was not in the mainstream of mathematics and was uo-
aware of contemporary work in the foundations, including the
work of Cauchy earlier in the century, so that he had no influ-
ence-on that development. But his concept of the differential as
an operational symbol anticipated some twentieth century
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devélopments and he independently arrived at the interpretation
of the differential as principal lincar part of an increment, an in-
terpretation that is standard in modern textbooks. FFurther, his

use of dialectics in explaining the derivative is a model usc of the
principle of the negation of the negation.

The following bibliography is intended as an introduction to
this arca of Marx’s thought. It is incomplete: | have included only
items with which I am familiar and which refer directly to Marx’s
writings. Thus, related material, such as the excellent article by
Chandler Davis, “Materialist Mathematics” (in For Dirk Struik
edited by R. S. Cohen, J. J. Stachel, and M. W. Wartofsky,

D. Reidel, Boston, 1974), have not been included. In transliter-
atinig Russian names and titles the system of the journal /fistoria
Mathematica has been used.

THE MANUSCRIPTS THEMSELVES

Marx, Karl 1933 “Matematicheskie rukopisi.” Pod znamenem marksizma,
Nr. 1, 15-73.
Incomplete Russian translation of two articles on the derivative
and the differential, plus historical comments and other fragments.
This material was newly transfated for inclusion in [Marx 1968].
——— 1968 Matemaricheskie nikopisi, edited by S. A. Yanovskaya, Mos-
cow: lzd. *Nauka™.
Contains most of the some 1000 pages of manuscripts in the Marx-
Lenin Institute. Part 1 contains all the original mathematical writings
of Marx, the most important being the articles on the derivative and
the differential and the essay on the history of the differential calculus.
His commentary on the “mystical” period of Newton and Leibniz has
often been quoted (for example, by A. P. Yushkevich in [storiya
matematiki s drevneishikh vremen do nachale XIX stoletiya, Vol. 3,
Moscow 1972, p. 256.) Part 2 consists of Marx’s commentary on the
work of other mathematicians. All this is given in the original lan-
guages (mostly German) with Russian translation on facing pages.
There is an excellent preface by S. A. Yanovskaya, extensive commen-
tary and description of writings not included, and copious notes —all
in Russian. This volumne is the basic source for the study of Marx’s
mathematical writings.
——— 1972 “Su!l concetto di funzione derivata,” Critica Marxista—Quaderni,
n. 6,2738-286
Italian translation by Lucio Lombardo Radice of Marx’s article on
the derivative.
——— 1974 Mathematische Manuskripte, edited by Wolfgang Endemann,
Kronberg Taunus (Federal Republic of Germany): Scriptor Verlag.

A mulitated photocopy of the German half of Part 1 of [Marx 1968].

——— 1975 Manoscritti Matematici, translated and edited by Francesco
Matarrese and Augusto Ponzio, Bari: Dedalo Libri.
Italian translation of Part ! of [Marx 1968]. There are separate in-
troductions by the editors, the one by Ponzio being worthwhile.
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WORKS ABOUT THE MANUSCRIPTS

Glivenko, V.1. 1934 “Ponyatie diferentsiala u Marksu 1 Adamara, 7 Pod
znamenem marksizma, Nr. 5, 79-85.

Points out that Marx anticipated Jacques Hadamard 1n stressing
the role of the differential as operational symbol.

Gokieli, I.P. 1947 Muarematicheskie nikopisi Karla Marksa i voprosy obo-
snovaniva matematiki, Thilisi [Tiflis] : Izd. AN Gruzinskoi SSR.

An excellent early study of Marx’s mathematical manuscripts, but
overestimates the influence that the publication ot all of Marx's
mathematical writings would have on Marxist mathematicians.

Kennedy, Hubert 1976 Review of [Murx 1974] and |Marx 19751,
Hisroria Mathematica 3. 490-494,

__— 1977 “Karl Marx and the foundations of differential calculus,”
Hisroria Mathematica 4, 303-318 (correction in Historia Mathematica
5.92).

Traces the history of the writing and publication of Marx’s mathe-
matical manuse ipts and anclyses Mards explanation of ditferentation
as an exumple ol the negatton of the negation and ot the differential
as an operational symbnlo Simlar (o [Struik 1948}, but takes into
account the material of | Marx [V08].

Kolman, E. 1932 “Eine ncue Grun . gung der Differentialrechnung durch
Kart Marx.” Verhuandlungen Jdos nernationalen Mathematiker-Kon-
gresses, Zurich 1932, I1. Band. Sckiions-Vortrage. 349-351.

A brief description of Marx's mathematical manuscripts, including
some quolations. (Kolman announced the existence of the manu-
scripts at the International Congress of the History of Science and

. Technology, London, 1931.)

—__ 1933 “Eine neue Grundlegung der Ditferentialrechinung durch Karl
Murx.” Archeion. Archivio di storia della scienza 15, 379-384.

Essentially the same as [ Kolman 1932].

——— 1968 “K. Marks i matematika (O *‘Matematicheskikh rukopisyakh’
K. Murksa),”” Voprosy istorii estestvoznaniva i tekhniki 25, 101-112.

Discusses the motivation Marx found in political econemy and
philosophy for his study of mathemurtics, and shows how he overcame
the difficulties of the ““mystical” period in the development of differ-
ential calculus. Kolmaon conctudes: “For historians of mathematics
and for philosophers concerned with the philosophical problems of
mathematics, the statements of Marx — not in the form of quotations,
each letter of which one follows, ostensibly considering it inviolable,
but in the torm of a matchless example of a concrete creative appli-
cation of dialectical thinking — will serve as a guide.”

Katolin, Lev 1973 “My byli togda derzkimi parnyami ... ", Mowow: lzd.
“Znanie™.

This is u popular, but thorough treatment of Marx’s enthusiasm
for mathemuatics, in particular for ditferential calculus. and of the
fate of his manuscripts, of their deciphering, and of their study and
preparation for publication by Soviet scholars. There is no biblio-
graphy. A sccond edition is in preparation. (“Lev Katolin™ is a
team pseudonym of Karl Levimin and Anatolii Melamed.)
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Lombardo Radice, Lucio 1972 **Dai ‘manoscritti matematici’ di K. Marx.”
Critica Marxista - Quadernt, n. 6. 273-277.

Introduction to [Marx 1972], stressing Marx’s explanation of the
derivative as g negation of the negation,

Rybnikov, K.A. 1954 “Matematicheskic rukopisi Marksa,” Bolshaya Sor-
etskaya Lntsiklopediva, 2nd ed., vol, 26, 496-498.

Excellent brief article on Marx’s mathematical manuscripts by a
man who wrote his doctoral dissertation on Marx’s mathematics.
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pear in the English translation of the Great Soviet Encyelopedia now
In progress.)

-—— 1955 “Matematicheskie rukopisi Marksa,” Uspekhi Matematiches-
kikht Nauk 10 (1), 197-199.

Report of a conference held at the Moscow Mathematical Society,
20 May 1954, Notes that Marx’s concepr ol the ditferential as an
operational symbol was later extended by Maurice Fréchet to tunc-
tional analysis.

Struik, Dirk. J. 1948 “Marx and Mathematics,” Science and Society 12,
181-196.

The first reportin English on Marx’s inathematics. Struik was
acquainted only with the material ol [ Marx 1933], but did have
access to the original Germuan. A noted Marxist scholar, mathema-
tician, and historian of science, he brought his considerable tulents
to the task ot producing a lively introduction to this aspect of Marx’s
thought.

~—— - 1975 Review of | Murx 1968], Archives internationales d 'Histoire
des sciences 23, 343-3435.

Yanovskaya, S.AL 1933 0 matematicheskikh rukopisiyakh K. Marksa,”
Pod znamenem marksizma, Nv. 1, 74-115.

A commentary on [Marx 1933, superceded by her pretace (o
[Marx 196%].

- —— 1969 “Karl Marx” *Mathematische Munuskripte’,” Sowjetwissen-
schaft. Gesellschaftswissenschattliclhie Beirrage (1), 20-35.
German translation of the pretace of [Marx 1961

23 Huxley Avenue
Providence, R1 02908

BOOKS RECEIVED

Kuznetsov, B.G. 1977 Philosophy of Optimism. Cloth. Moscow $5.30%.

Fedosoyev, P.N. et al. Lenin and Modern Natural Science. Cloth. Moscow
$5.75*%. 0

Hypotheses Fingo —_ —_ —_ —
I think it is worth while to demonstrate the kind ol speculations into which
Marxism leads the scientist. For an acceptance of this philosophy inevitably
induces novel types of action and thought.

— J.B.S. Haldane, The Marxist Philosophy and the Sciences, London 1938, p, 8.
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The Editor Has the Last Word

ON DIALECTICS IN NATURE AND SCIENCE

Did you take a sccond look at our front cover or speculate on
the meaning behind its design? The emblem was coneeived to
represent the dialectical interpenetration of science and nature,
hinting at the manifold interconnections between the ideal form
of scientific knowledge and the material nature it reflects. If you
never thought about this before, consider, for example, how sci-
entific instruments and experimental procedures are integral as-
pects of the knowledge gained through them, yet they also are
integral components of the material nature reflected in that
knowledge.

To me the most fundamental aspect of this interconnection
was clearly stated by Frederick Engels: ““the dialectical laws are
really laws of development ot nature. and therefore are valid al-
so tor theoretical natural science™ (Dialectics of Nature, New
York 1940, p 27). He showed that the laws of dialectics operate”
in the physical processes of nature as well as in the mental pro-
cesses ol scientists and the social processes of which science
1$ part.

Of course, not everyone agrees with Engels on this. Robert S.
Cohen. for example. expressed sharp disagreement in our work-
shop discussion on Marx (this issue), saying that Engels dealt on-
ly with historical processes or transitions while “self-changing”
dialectical processes are something dilferent and not found in
nature. He poses the essential question thus:

In Hegelian usage, at least, [the term dialectic] wouald seem to be
talking about internally-generated changes, changes which come tfrom
internal forces and internal relations. Internal to what? Well, what-
ever the entity is that you're looking at |, society or whatever. f

Bob Cohen has thus presented us with a well-defined and chal-
lenging position that invites debate. May our readers strive for
equal clarity in stating their own positions on the matter. I will
open the debate with two questions concerning natural entities
within which dialectical processes might occur: 1) Whut external
forces bring abour the internal polarization in the mitotic process
of a dividing cell? 2) What external torce produces the emission
during radioactive “‘decay’ of a natural atom, say. of radium?

David Bohm, from a scarching study ot the entity problem in
his Causality and Chance in Modern Physics. concludes that

... every entity, however fundmental it may seem, is dependent for
its existence on the maintenance of appropnate conditions in its in-
finite background and substructure [ which], however. must them-
selves evidently be affected by their mutual interconnections with
the entities under consideration. Indeed, this interconnection can,

Page 63




under appropriate conditions. grow so strong that it brines about qual-
1tative change. in the modes of bemg ot esery Kinid ol ¢r ity hnown
thus fur. This type ot interconnection we shall denote by the name

of reciprocal retutionship, to distinguish it from mere interaction

(p. 144).

Bohm thus sees dialectical change within an entity as dependent
both on internal relations of the substructure and external re-
lations with the background. In eficct, he secs all qualitative
change resulting from contradictions within a system at some
level of organization on some time scale. His discussion of the
conditions for qualitative change will be rewarding to anyone
concerned with dialectics in nature.

Bob Cohen’s position raised u question in my mind that Bohm
has helped to clarity. [ now ask whether Marxists ever see dialec-
tical processes occurring entirely independent »f that Vinfinite
background™ external to the entity involved? “Whether in nature,
in thought. or in society. are not all inner processes of dialectical
change somewhat dependent on external influences.” In the con-
crete circumstances under which a new entity emerges [rom the
old. arc there not external as well as internal connections in-
volved? Forexample. could the self-motion of mitosis take place
without a proper physioiogical environment? And why should 1t
be surprising to find the halt-lite rate of inner-generated radioac-
tive beta emissions intfluenced by external conditions?*

Recalling that Bob Cohen conceded, in the workshop, that
there could be a dispute over whether the history of stars and gal-
axies represented dialectical transtormations, | respond with the
following serendipitous quotation:

[n the constellation Orion is a fuzzy-looking star. A telescope reveals
that it is a cloud of cosmic gas and dust. and that within it stars are
forming, tiving and dying. Some stars quictly fade away, but others
explode with the light of a billion suns —becoming pulsars or possi-
bly mysterious black holes in space. Such colossal explosions ennch
the surrounding zas with elements made in the nuclear tires of those
first stars—and from this gas form new stars and plancts and possibly
life. /Calendar. May 1978, American Museum-Hayden Planetarium.)

The above passage reads to me like the spontancous dialectics
of an able astronomer describing the objective dialectics ot a
negation of a negation occurring in a process of nature.

[unk

* J.L. Anderson and G.W. Spangler, Jour Phvs Chem 76:3603, 1972 and
77:3114, 1973 [ Thanks to Donna Duncan and Raymond Peat for calling
my attention to this report of anomolous results|.
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Dialectics Workshop

WHERE WE COME FROM

The philosophical concepts of dialectical materialism have their origins in
science. These ongins go back at least as tar as the early Greek philosopher-
scientists such as Democritus. In the nineteenth century. thege concepts
were shaped by Marx and Engels under the direct influence of classical
science which tlowered with the industrial revolution. The further develop-
ment of these concepts proceeds today under the revolutionary impact of
modern science as well as the social upheavals of our era. Clearly, the nat-
ural sciences have intluenced the development of dialectical materialism
much more than vice versa. Dialectics Workshop was conceived as a means
of bringing the interaction of Marxist philosophy and natural science into a
better balance...

There are many objective reasons why the time is now ripe for dialectical
materialism to assume its proper role of guidance in the process of scientific
research. First is the noteworthy fact that positivism has lost its vaunted
position of respectability. Despite all the claims made for it, positivisimn has
proved incapable of explaining how new knowledge emerges. The bloom is
also gone from its reductionist linguistic version that seeks to convert phi-
losophy into an analysis of the language of science. A second favorable cir-
cumstance today is the widespread interest of the academic community in
things Marxist, an interest which has mainly political origins (especially the
Vietnam experience).

But enthusiasm for Marxism has not yet penetrated deeply into the
departments of biology, physics and mathematics. Why is this? Why is
Marxism so much more widely incorporated into the social sciences than in-
to the natural? Asking the question helps to find part of the answer.
Neither Marx nor Engels nor Lenin was a practitioner of a natural science.
They were superb practitioners of the social sciences—including even mili-
tary science. Each also studied the natural sciences, and each came up with
some brilliant insights on relationships between natural science and philoso-
phy, but none ever worked in a laboratory or prepared an experimental
report of a new discovery. They did not leave us with practical examples
for the useful application of dialectical materialism in the natural sciences.

What we need then is to provide working examples that will inspire and
point the way for a new generation of Marxist practitioners of natural
science. This is a primary goal of Dialectics Workshop.

—= From remarks by the editor at Dialectics Workshop Conference 12 Feb. 1978

Addendum: For a natural scientist the usual path to the Marxist mode of
thought is through practical experience in political activity. Indeed, since
metaphysical thinking is so deeply mgramed in sc¢ientific training, the fur-
ther transition of the scientist to becoming a Marxist in her/his professional
work may be very slow and even not get very far. Hence the need for
Dialectics Workshop to concentrate on developing the application of Marx-
ist philosophy to this particular area. What’s more, our effort may help
some scientists traverse the path in the opposite direction—since Marxist in-
sight into professional problems can lead to new understanding of political
realities. O



